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Abstract

:

Recycling plastic waste (RPW) benefits the ecological footprint. Therefore, the authors test its mixing by magnetic hydrodynamic MHD nanofluid materials such as alumina in two sizes (   β  c o r e   ,    β  s k i n    ) prepared into a new device called the incubator installed in the desktop injection machine to enhance its solubility by taking advantage of the mixture’s heat via defining the oblique stagnation-point slip flow (OSPSF) of a nanofluid in two dimensions. The paper has been innovative in mathematically identifying the operating parameters’ values for the injection flow mechanism (IFM) via controlling in Riga magnetic field and piston orifice pressure using a meta-heuristic algorithm called WSA. The proposed (IFM) is used to experimentally enhance the mixture properties via parameters’ control to meet the output quality and predict the control equation for the Riga plate. IFM controls the amount of pushed nanoparticles in the mixture with a ratio of plastic to aluminum approximate by 96.1%: 3.9%. The defects were reduced by approximately 23.21%, with an increasing system performance of 70.98%.
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1. Introduction


Plastic has been produced quicker than any other material since the 1970s. Global primary plastic output is anticipated to reach 1100 million tonnes by 2050. In addition, fossil fuels or “virgin” feedstock make up around 98% of single-use plastic items. By 2040, it is anticipated that the proportion of greenhouse gas emissions related to the manufacture, consumption, and disposal of conventional plastics derived from fossil fuels will increase to 19% of the global carbon budget. Systemic reform is required to limit plastic garbage flow into the environment. Less than 10% of the   7 ×   10  9    [1] tons of plastic trash produced worldwide has been recycled. Millions of tons of plastic garbage are either lost to the environment or transported, often over great distances, to places where it is burnt chiefly or deposited. The value of waste plastic packaging is reportedly lost annually to sorting and processing alone to US$ 80–120 billion [1]. Despite current efforts, it is predicted that 75 to 199 million tonnes of plastic are still present in our seas today and are expected to increase by almost three times in 2040 if we don’t change how we manufacture, consume, and discard plastic will face catastrophe [1]. High quality is a crucial issue requirement, whether in production or in services, achieved by smooth business progress, which brings customer loyalty and increasing demands [2,3]. This paper proposes a modification of the desktop injection machine to enhance the melting of plastic waste by mixing it with nanofluid materials, enabling the mixture to produce high-quality products and be remanufactured. There are several methods for manufacturing nanoparticles, including friction and pyrolysis. The new incubator combines the two methods to collect agglomerates at a depth of the mixture and to leave the solo particles at the surface layers to be easy to form. In the process of friction, large and fine particles are rubbed in a planetary ball mill to reduce their size. The resulting particles are classified as aerobic to recover the nanoparticles. While during pyrolysis, liquids and gases are forced to pass through an orifice under high-pressure conditions to make clumps rather than single elementary particles like particles absorbed by the Riga plate [4]. A viscous fluid’s free convective and mass transfer flow through a porous media has been investigated by several researchers. While the porosity of the medium may not always be constant, the permeability of the porous medium is considered to remain constant in this study. Kim [2] observed the changing suction through the vertical porous moving mold and unstable convective heat. K.D. Singh and Sharma [3] have studied the issue of three-dimensional free convective flow and heat transfer via a porous media with periodic permeability. The heat and mass transfer in the MHD flow of a viscous fluid via a vertical tube under oscillatory suction velocity has been examined by S.S. Das et al. [5]. While S.K. Khan et al. [6] studied the heat transmission across a porous material moving with harmonic disturbance in a three-dimensional viscous flow. Postelnicu [7] investigated the impact of an MHD on the free convection of heat and mass from vertical surfaces in porous media statistically while taking Soret and Dufour effects into account as analysis of Y.J. Kim [8]. All these studies motivate us to try to mix the MHD with RPW material through the injection process to enhance the efficiency of the mixture. The better-quality product increases the manufacturer’s competency in the market and enhances customer demand to make human lives more comfortable. The working parameters are most significant in producing good quality products in an injection molding process and rely on material characteristics [9]. The working parameters such as injection pressure, the up melt temperature contributes, viscous fluid’s free convective, and mass transfer flow rate need to be optimized to produce good quality homogenous metal-plastic mixture (HMP) parts via characteristics tackling by classifying the products and their utilize (RSM), which is supported by the metaheuristic technique. It delivers a well-organized procedure for parametric optimization to help the process adaption according to tolerance deviation during working rapidly [10,11,12]. The authors rely on the Cause and effect diagram to explain most working parameters to study their impact when using the Design of Experiment tool (DOE) and elect some of them according to visual (ANOVA) recommendations, which are constructed to determine which working parameters are most critical and substantial. The convenient injection molding process set-up depends upon the trial and error method or technician or operator’s experience [13,14], but this negates the autonomy of the process and is based on the trial-and-error method, which is considered a time-consuming and non-cost-effective technique, which is not acceptable in the plastics manufacturing industry. Therefore, the authors used a metaheuristic method that rapidly sets the operating parameters’ values according to molten material properties changes due to the environment, material, and injection method effect. The problems and defects related to the quality of plastic products encountered in injection molding operations include air bubbles, flow marks, flashes, short pieces, burns, and other surface marks [15,16,17,18]. The novelty of the present study is to improve the melting of recycled plastic waste (RPW), the research describes a new modification to the injection machine method that enables the mixing of magnetic hydrodynamic MHD materials like β(core) and β(skin). Consequently, the authors use an over Riga surface formed of magnets and electrodes inserted in tubes of molten RPW when the Lorentz force decreases exponentially. The authors suggest using an auxiliary device attached to the injection machine to prepare the molten material for force toward the preform die and examine the effect of constant medium permeability with time-dependent variable suction on a viscoelastic fluid flow [18]. Finally, a perturbation similarity strategy is used to solve the set of ordinary differential equations that represent part of injection mechanism to address the insufficiency of the boundary condition. The Lorentz force and the fluid’s elasticity both lower the velocity, and this effect is more noticeable for heavier species [19,20]. The most intriguing finding is the velocity fluctuation that can be seen close to the mold surface as a result of elastic components, a sink, and a heat source that reduces friction in the higher layer [21,22]. It is demonstrated that for scenarios of aiding and opposing flows, the slip parameter     ∑  a  = 0.5   changes, and without the slip parameter     ∑  a  = 0.0  , for more significant impacts of nanoparticle volume fractions, the standard and tangential velocity profiles lower. In some case studies, the parameters under control are confined to being integers and behaves as a multi-constraint/parameter problem; therefore, researchers resorted to considering the problem as an integer programming uses the mathematical optimization or feasibility program in which some or all of the variables are restricted to be integers [23,24,25]. The RPW is dried for 2 to 3 h before beginning the mixing operation and then passes through different temperature barrels, which up melt the material and inject it into the incubator cavity at a specific injection pressure. Air bubbles or sink marks appear on the surface of moulded parts due to low material flow rate and injection pressure [26,27], and authors observe the bad effect of residual stresses that must be released because they lead to deformities created during shrinkage. The mold temperature is the primary cause of flow marks and flashes on the surface of the molded part. While the shock absorption weakness or color lines appear when improper cleaning of the process, lubrication leakage, burned material in the barrel, melting temperature, and mixing of dust particles or other materials mix with the RPW [28]. The working parameters can be optimized to improve the quality of the molded part through the proposed IFM system. The proposed IFM aims at manufacturing through two phases; the first interested in preparing the RPW mixture and fed by nanoparticles through two paths (piston orifice pressure aisles and push toward Riga magnetic field) where the β(core) pushes into the core while β(skin) is still in the surface layer, and the second in parallel controlling the Riga surface magnetic fields and the pressure using the WSA algorithm when pushing nanoparticles into melted RPW. The injection molding process has mainly three stages: mold filling stage, cooling stage, and ejection stage. The cooling stage has a significant influence on the quality of the product and the productivity of the process [29,30]. During the manufacturing of plastics parts, the quality focuses on checking each part is free of the following defects such as hard fitting, flow marks, flashes, sink marks, shrinkage, high air bubbles, mold lines, and other surface marks depending upon thirteen working parameters for injection machine such as melting temperature, injection pressure, die temperature along with flow rate, viscosity, screw speed, packing pressure, holding pressure, packing duration, filling time, injection time, cycle time, and injection speed. At the same time, incubators have five controlled parameters: magnetic field strength, number of electrodes, contact angle, dimensionless drag force, and non-dimensional shear stress of flow inside. Poor quality products have an impact on cost and lead times in addition to the client relationship. In this work, the frame of a window sector is taken as a case study that encounters many quality defects recorded by imaging and fed to the system to count the like shrinkage or hard fitting, air bubbles or voids, flow marks, flashes, short piece, black dots, shock absorption, burns marks, weld lines, warpage, die lines, sink marks, and surface quality. This molded part has many complaints and poor feedback from customers that disturb the customer relationship with the company [31]. The weighted superposition attraction (WSA) method and the linear decreasing particle swarm optimization algorithm were utilized for working parameter selection in the multi-objective optimization model and outperformed the native PSO [32,33]. This paper focuses on predicting the optimum working parameters during mixing to separate the MHD components (e.g., molten β(core) and β(skin)) used to mix with recycling plastic waste, to enhance the machining process through tracking the contact angle, the dimensionless drag force or non-dimensional shear stress on the facing surface, and heat transmission of the mixture because are the industrial technical parameters of interest or gradients in this field [34]. The paper also discusses the quality of classification and separation of the molten β(core) and β(skin) and the quality of the mixture using RSM [35] to check the results accurately. The Problem description is discussed in Section 2. The proposed IFM mechanism is discussed in Section 3, while explaining the incubator design and its mechanism in Section 4. The RPW preparation physically and injection machine modification mechanism are discussed by implementing IFM experimentally to adjust significant parameters using a mat-heuristic algorithm named WSA in Section 5. The election of significant working parameters to build the suitable control equation discuss in Section 6. The authors check for IFM validation by testing the products formed by the new mixture in Section 7 by analyzing the testing results (before and after) and comparing the effectiveness of WSA by thirteen different algorithms. Finally, discuss these results in the conclusion Section 8. The goal here should be to produce a specific product with the lowest possible cost, defect, and production time.




2. The Problem Description and Motivation


The primary purpose of this work is to test the efficiency of enhancing the RPW forming in molding by mixing it with MHD fluid containing nano particles of β(core) and β(skin) into a nanoliquid solution to enhance the viscosity and reducing the empty particles. The parts are segregated based on different defects shown in Table 1 for other injection molding processes to stand over the cause of the defect, as illustrated in Figure 1. The Fishbone diagram for a product that represents the highest number of total defects as discussed in the Pareto chart and illustrated in Figure 2. The air bubbles caused due to failure in setting injection time, suction process, lack of parameters setting, and other significant factors such as tackling methodology and tracking the oblique Stagnation-Point Flow [34,35,36,37]. The authors investigated the convective flow caused by hybrid MHD flow along the slip effect by considering the over-Riga die surface. Some researchers examined the combined convective flow near an SP and offered double solutions in the presence of liquid solution-based binary hybrid nanoparticles via an over-vertical Riga die surface [38]. The dynamics of mass and energy transfer in a micro rotational flow with mixed convection and suction/injection across an over-Riga die surface were recently examined by Rafique et al. [39]. They demonstrated that the modified Hartmann parameter causes the fluid’s velocity to develop. To deal with the RPW in production, its properties must be improved by mixing it with nanomaterials via nanofluid. The mixture is pressured in an incubator device that is fixed to the desktop injection machine. The incubator consists of three pistons and a Riga plate installed inside the incubator to absorb the nanomaterials, push it into the molten plastic, and then pump the mixture with the third piston towards the die. It is suggested to use a WSA to adjust the operating parameters to ensure a good blend. The WSA hybridizes with RSM to elect the significant working parameters and set their values, which are checked by DOE mathematically. The two main successive phases are manipulated through IFM methodology to understand the relationship between material properties and working parameters.



Table 1 records the major defects before implementing IFM methodology for injecting four different products (Mineral water bottles, Window frames, Helmet, and Houseware), which revealed that common defect types such as air bubbles (e.g., cavity) contribute 35.42% of total defects, hard fitting (e.g., twist or wrong size) contributed 21%, flow marks contributed 8.6%, and shock absorption (Sab) 11% of total defects led to rejection. The comparison among process-defected data shows that hard fitting, air bubbles, flow marks, and shock absorption (Sab) still contribute to the highest rejection rate. So, this study focuses on improving the quality by optimizing responsible working parameters such as injection pressure, viscosity, up-melt temperature, and flow rate. Flow marks and air bubbles on the die part surface reduce the quality of the part and lead to rejection from the side customer. Many complaints were received from customers due appearance of air bubbles and flow marks on the surface of molded parts. The weight of each is the current point of an agent (i) for each parameter (j) at each iteration according to their impacted rank extracted from the DOE.




3. The Mechanism of the IFM Network Methodology


The optimization approaches are divided solution techniques into four categories: heuristics, mathematical programming, meta-heuristics, and hybrid mathematical processes by heuristics procedures, known as the mat-heuristic approach. The purpose of the intervention of the mathematical optimization techniques is to define the problem at hand explicitly. As a result, mathematical programming techniques frequently don’t work as well as they could. Heuristic methods can provide flawless or almost flawless solutions to a problem in less time. However, because they were frequently created in response to particular issues, it is difficult for them to be broadly employed, reducing their effectiveness. In contrast, it would not be wrong to claim that meta-heuristic algorithms are often more effective than mathematical programming and heuristic techniques in many complex issue settings. Improving RPW properties by mixing it with an MHD containing two sizes of nanomaterials of β(core) and β(skin), sucking the metal from the MHD to feed the RPW through the Riga plate to improve injection processes for plastic products with high quality. Therefore, the work-study checks the mixture validation in two domains, in the injection pistons cylinders to generate β(core) and also in the incubator through Riga to pick β(skin), taking into account an accessible stagnating point or line simultaneously. The newly created Weighted Superposition Attraction (WSA) swarm-based optimization method controls of significant working parameters to control on the amount of β(core) in the mixture core and β(skin) in the skin surface of the mixture. The Pseudocode nomenclatures of the IFM network variables are shown in Table 2. While the correlations of these mathematical notations are written in Table 3 to determine the stagnation point precisely. The working code of search, all directions for predicting the near-optimal value for significant parameters, consists of 11 Paces pseudocode as shown in Table 4 to build the relationship among the parameters and its defect causes’ opportunities to qualify the process to adapt autonomously as the main objective of this study discussed in the experimental Section 5. The Minitab (16) is used to extract the basic optimal parameters by building a hidden optimization network that gathers the different parameters and the consequential outputs’ defects. Tests are conducted with those parameters while maintaining the required levels of quality. A typical search algorithm, like mathematical WSA, finds the search space of an optimization problem using a few methods that allow the algorithm to visit and assess various places of the search space, such as RSM and the DOE. The main phases of the suggested IFM system are shown in Figure 3. The IFM Network consists of thirteen parameters that elect the Melting temperature, injection pressure, flow rate, and viscosity as a shared significant parameter that joins the second layer that consists of five expected incubator parameters opportunities and tackling as illustrated in Figure 3.



The IFM technique uses the mathematical WSA algorithm, which depends on RSM to categorize and determine the search orientation of the agents (i.e., significant parameter) of a swarm (i.e., whole parameters that have a range of values, low and high), by implementing the superposition principle in combination with the attracted movement of agents through a neighbor generation mechanism.



RSM may be used to remove obstacles between the bi-logical learning system and traditional artificial learning techniques and discovers six significant working parameters for the machine and five for the incubator, which have two empirical tie parameters, which are (Temperature and Viscosity). The core tenet of RSM is that recurrent tuning is unnecessary for the hidden neurons in a feedforward IFM network with a single hidden layer [40]. According to Tolouei-Rad, which is the origin of the mathematical WSA as shown in Table 4, which declares the IFM Pseudocode that discusses the WSA a unique member of the swarm intelligence-based methodologies that aim to characterize and duplicate the continually changing superposition because of the dynamic nature of the system and the attractive movement of agents. The mathematical WSA idea is set in motion by the configuration of algorithm parameters. WSA uses fitness values to determine the order of the solutions. By choosing a target place, the solutions are relocated there. The search direction for each solution is then decided per the target point, and its fitness value after the fitness values of the target point has been assessed. Each answer is then shifted in the chosen direction. Finally, each solution’s fitness value is assessed. Until a termination requirement is met, this process is continuous. The authors noticed that there is an inner source of heat caused by the electrodes installed in the Riga plate, which also affects the magnetic field strength, which must be controlled to prevent the shock absorption weakness caused by burning the nanoparticles over the upper mixture skin. Therefore, the authors resorted to tracking via imaging the nanoparticles and their quantity per minute by predicting it through a meta-heuristic WSA algorithm. The prediction reflects the temperature of the electrodes permeated with the mixture and can be controlled.
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Table 4. Pseudocode of IFM mechanism to control the distribution of nanoparticles into the mixture.






Table 4. Pseudocode of IFM mechanism to control the distribution of nanoparticles into the mixture.





	Step
	Action Identification





	Pace (1):
	Initialize the picking parameters from the cause and effect diagram for a specific defect opportunity that has a maximum frequency as discussed in the Pareto chart for the whole defect opportunities.



	Pace (1.1):
	  Pick   the   initial   relation    v r    r = 1 , 2 , … ,   p o p u l a t i o n   s i z e     with n limits for all candidate parameters of the injection machine.



	Pace (1.2):
	  Pick   the   initial   relation    v r    r = 1 , 2 , … ,   p o p u l a t i o n   s i z e     with m limits for all candidate parameters of the incubator device.



	Pace (1.3):
	  Pick   an   image   per   minute   to   indicate   the   amount   of   nanoparticles   in ,   C  m 2  / m i n  .



	Pace (2):
	Prepare a parameter range, estimate the constraint, and then generate the pre-defined number of initial solutions i.e., Cast product quality (Shock-absorbing, dimensional, air bubble-free).



	Pace (3):
	Analyse individuals’ degree of fitness.



	Pace (3.1):
	Evaluate fitness values of the initially picked solutions to modify significant variables and their related fitness



	Pace (4):
	Move to pace (11) if the wanted objective is met; otherwise, jump to Pace (5).



	Pace (5):
	  Apprise   the   cloud   history   set    C  h s   =      X  h s   , ε      X  h s     ,    R N  , ε , R   . W h e r e    ,    X  h s   =    X 1  ,  X 2  , … ,  X i  , …  X N    ,      R   is   the   relationship   order   and   N   is   the   #   of   parameters ,   which   is   permutation   among   the   user - defined   parameters   in   the   IFM   methodology   {  φ i  ,  x i  ,    y j  ,    τ i  ,    λ i  ;    τ   P λ     }.



	Pace (5.1):
	While Iteration < Max_iter



	Pace (5.1.1):
	Rank solutions according to their fitness values



	Pace (5.1.2):
	Assign a weight to each solution by considering their ranks



	Pace (5.1.3):
	Determine a target point (superposition) to move the solution toward it



	Pace (5.1.4):
	Evaluate the fitness value of the target point



	Pace (5.1.5):
	Determine the search direction for each solution by considering the target point (superposition) and its fitness value.








Pace (5.1.6): Move each solution toward each determining direction



Pace (5.2): Picking a random solution and fed the DOE experiment.


Iteration = Iteration +1











 End while;



Pace (6): Cross the main mesh’s cusp and check IFM Network list on the cloud.



Pace (7): Create the main (RSM) for the    f  r s     based on Equation (1)


   f  r s   =  δ 0  +   ∑   i = 1  N   δ  i i    n i  +   ∑   i = 1  N   δ  i i    n i 2  +   ∑   i = 2  N    ∑   j = 1   i − 1    δ  i j    n i   n j  …  



(1)







 Hint:    δ 0  ,  δ  ii   ,  δ  ij     does a least square method LSM calculate coefficients.



Pace (8): Training IFM Network by    f  r s     to create the conditional constraints approximately.



Pace (9): Find the reaction surface’s ideal design by the WSA and create first acceptable solution



Pace (10): Alter and go back to Pace (3).



Pace (11): Continuous Searching for the optimum solutions    S ∗    locally focused search for the best candidate.


         //injection phases using three pistons:    










     g a p  →  = zeros   AA , D        w e i g h t = z e r o s     1 ,   A A               d i r e c t  →  = zeros   AA , D               tar  →  = z e r o s     1 , D              










for (i =1:AA)       










    i f   f  i  ≥ f   t a r                w e i g h t   1 , i   =  i    − 1   ∗ τ              










for (j = 1:D)       










    g a p  →    i , j   =   tar  →    1 , j   −  X →    i , j   =        u j  =   ∑  i     μ  n f      μ f      ∂  u j    ∂  y j    ,   ∀    v j  = 0 ,   S = 1   a t    y j  = 0 .        u j  →  u E  =  x j  +  γ i   y j  ,    v j  → −  y j  ,   S → 0   a s    y j  → ∞        



(2)




where the    u j    and    v j    signify the components of solid displacement and velocity in the directions of    x j    and    y j   , respectively. Additional mathematical notations or symbols are demarcated as    P j    the pressure of the nanofluid,    j 0    the applied current density in the electrodes,    T j    the temperature of the nanofluid,    M 0    the magnetization of the permanent magnets and  b  the respective width of the electrodes and magnets.


        t a r  →    i , j   =   tar  →    1 , j   −  X →    i , j   ∗  i    − 1   ∗ τ    










end       










for (d = 1:D)   










    d i r e c t  →    i , d   = sign     gap  →      i , d      










end      










           //negative injection or suction for piston 2:










         / eliminate pressure    p b      elseIf f  i  ≤ f   t a r              if   R a n d       ≤  e    f  i  − f   t a r              










for (j=1:D)    










               g a p  →    i , j   =   tar  →    1 , j   −  X →    i , j                               =   ∂ φ   ∂  x j     ∂  ∂  y j       ∇ 2  φ   −   ∂ φ   ∂  y j     ∂  ∂  x j       ∇ 2  φ   +      μ  n f      μ f         ρ  n f      ρ f         ∇ 4  φ                         −  1     ρ  n f      ρ f      exp   −  y j    +         ρ β     n f         ρ β    f           ρ    n f        ρ   f      λ   ∂ S   ∂  y j    = 0    



(3)






end      










for (d = 1:D)           










                                d i r e c t  →    i , d   = sign     gap  →      i , d     =   ∂ φ   ∂  y j      ∂ S   ∂  x j    −   ∂ φ   ∂ x     ∂ S   ∂  y j    =      k  n f      k f            ρ  c p      n f         ρ  c p     f   P r         ∇ 2  S     



(4)






end        










else        










           //the boundary conditions according to OSPF:










  i f      y i  = 0              











The step length of moving over the solutions mesh set by 0.0034,  φ  is 0.0015:0.1, while the λ is set between [−0.75:0.95] for this example of molded process as illustrates in Figure 4 [40].


    d i r e c t  →    i , d   = sign     gap  →      i , d                           =         ∂ φ   ∂  y j    =   ∑  a     μ  n f      μ f       ∂ 2  φ   ∂  y j 2    ,   ∀ φ = 0 ,    S = 1   a t    y j  = 0       φ →  x j   y j  +    γ a   2   y j 2  ,   S → 0   a s    y j  → ∞        



(5)






   i f      y j  → ∞              Ψ =  x j   y j               for     d = 1 : D                      d i r e c t  →    i , d   = sign   − 1 +   1 + 1    ∗ Rand            










end        










end        










end        










end        











The contact angle, the dimensionless drag force or non-dimensional shear stress on the facing surface, and heat transmission are the technical and industrial parameters of interest or gradients, and they are defined mathematically as:


   τ  i w   =  μ  n f         ∂  u i    ∂  y i    +   ∂  v i    ∂  x i         y  a = 0     ,   N u =    q  i w    l i     k f     T w  −  T ∞       



(6)






   τ  j w   =    τ  i w      u 0   μ f  /  L i    =  τ  j w   =    μ  n f      μ f           ∂ 2  φ   ∂  y j 2    −    ∂ 2  φ   ∂  x j 2         y  j = 0     , N u =    k  n f      k f        ∂ S   ∂  y j         



(7)






  φ    x j  ,  y j    =  x j  F    y j    + G    y j     



(8)






  S    x j  ,  y j    = H    y j     



(9)







3.1. The Incubator Device Mechanism (RPW Preparation)


When fluid from any source contacts a solid obstacle obliquely at any angle of incidence, oblique stagnation point flow (OSPF) emerges [41]. It is important to note that all electrodes are made of carbon in an industrial electrolytic cell used to extract aluminum. The authors created and built a specific prototype test injection machine using a fluid mechanics laboratory with a consultant U.S.C.C house in the 10th of Ramadan City to examine the impact of the critical parameters illustrated in Figure 1 (Egypt).



The prototype of modified device in the desktop injection machine consists is to install an incubation device to the injection machine divided into two sections. The first section receives the nanofluid materials (β(skin) and β(core)) pushed by the first and third pistons to meet with the molten plastic waste through the porous surface of Riga. The mixture must be rotated continuously to prepare it to be pushed by the middle second piston towards the die as illustrated in Figure 5.



The authors study the physical properties of the mixture and adjust the operating parameters that qualify it to provide good plastic products. The mechanism is done over three steps as shown in Figure 6, which depicts a schematic prototype injection machine diagram (front view). The mechanism of the flow is illustrated in Figure 6 (i.e., mix MHD and RPW) and Figure 7 (i.e., mixture pushing in the cylinder toward die). The Riga plate adheres to two coaxial triangular pieces to combat the air bubbles’ path. The external incubator has a jacket-like design and is triangular in shape, measuring 23 × 23 × 23 cm. It is made of a translucent stainless sheet that is 0.15 cm thick. Using translucent 18 × 18 cm stainless, a section of the base was created to make it simpler to observe the vane-setting angle. The inner cistern is a 12 cm by 12 cm by 23 cm stainless sheet connected coaxially with the inner cistern’s diameter. According to our assurances, the new research is novel, will significantly influence the fields of mathematics and engineering, and will be interesting to other researchers. Therefore, the authors concentrate on capturing and controlling the passage of air bubbles by first detecting their path and stagnation point when mixing using the aided device illustrated in Figure 4. As a result, the researcher is interested in categorizing and determining its pushing impact on air in the center chamber in a steady-state condition [42,43,44]. In order to improve the robustness of air bubbles detection in injection machine processes, it recommended (detecting air bubbles paths).



This work demonstrates the capability to implement IFM thinking in unseen layers of processes’ mechanisms with imaging techniques to increase its reliability by controlling it through IoT to create central control.




3.2. The Physical Mixture Characteristics


The study focuses on injected material flow characteristics, whether nanofluids or RPW in the piston cylinder or into the incubator, and defines the impact of working parameters values suit forming mechanism. The main defect caused is bubbles, which are considered high-risk situations when all bubbles enter the alveolar orifice balloon illustrated in Figure 3 part (14). Regularly cause tides in the pleural space and enhances the effect of artificially reduced pressure, which quickens the suction process for pumping the nanofluid to minimize the air bubbles transfer to the RPW as discussed in the next Figure 5, Figure 6, Figure 7 and Figure 8. To reach the low-severity threshold when bubbles go far away from pleural space orifice and reduce the synthetic negative pressure. To manage the formation and routes of air bubbles, this research emphasizes the use of flow rate monitoring that maintains precise and steady output value [44].



The considerable stream rate turns out to be caused by rotor-stator contact in the incubator appearing in parts (2, 8) in Figure 3 based on two-code pumps. To regulate the variations, the research recommends creating inventive injection machines and modifying several key variables. This flow type is analyzed mathematically by multiplying the orthogonal stagnation-point flow by the shear factor of the flow against facing a surface [43,44,45] as several engineers and academics have researched the 2D constant flow of a Newtonian liquid near an OSPF. Lok et al. [46] observed the constant viscous fluid flow through a stretchable sheet approaching a non-orthogonal stagnation point (NOSP). Therefore, the authors inserted part (14) in the piston path and noticed that tangential and Hiemenz components separate the stream function in mixture behavior in an incubator, as illustrated in Figure 7 for piston (1, 3) and Figure 8 for piston (2). Using a stretchy balloon, we studied how buoyancy force affected the NOSP flow in a micro-polar fluid. The effects of suction on an unsteady flow at an oblique stagnation point caused by MHD via a mimicking Nadeem et al. [47] similar mechanism over a sheet. Over a shrinkable/stretchable sheet, Li et al. [48] achieved twofold solutions of oblique stagnation-point flow in the presence of MHD subject to Cattaneo-Christov flux.      x i  ,    y i      is a Cartesian synchronizes or coordinates used to limit the model’s current flow configuration, where the upward and normal axes of the positive    x i  −   and    y i  −   are correspondingly extended along the plate surface. The flow is constrained to the    y i  ≥ 0   planes and the    z i  −   axis synchronization is assumed to be transverse to the positive corresponding    x i  ,  y i  −   plane. According to theory, the slip velocity at Riga’s wall surface is expressed by    u i  =  μ  n f    γ 1  ( ∂  u i  / ∂  y i  )  . Moreover, the free stream or ambient field of inviscid fluid impinges obliquely on the Riga surface with a controlled velocity discussed in the second phase by    V e     u e  ,  v e     , where    u e     x i  ,  y i    =  a 1   x i  +  b 1   y i  ,   while    v e     x i  ,  y i    = −  a 1   y i   . It also,    T w    and    T ∞    express the constant wall surface and ambient temperature of the nanofluid, respectively. However, the contrary pattern will happen if the Riga surface is cooled (opposing flow) below the free-stream/far-field temperature    T ∞   . Then the second phase of IFM methodology interested in the control of nanoparticles amount fed to the RPW through control    v e     x i  ,  y i    ,    T w  >  T ∞  ,      T w  <  T ∞    heat and cold case, respectively [49]. These expectations are the main motivation to enhance the RPW and make it easy to form with minimum defects and distribute the nanoparticles as illustrated in Figure 9, especially if following the Boussinesq approximation and deriving the steady of viscous equations to control OSPSF, which is considered one of the leading causes of defects discussed in Figure 1.



Recently observed the buoyant flow of a micro-polar MHD over a Riga sheet with a magnetic field toward an oblique stagnation point. They demonstrated that magnetic and micropolar factors increase MHD temperature. Therefore use the magnetic in heating control for the fluid [50]. The ISO 604 standard, developed by the International Standards Organization (ISO), specifies a method for determining the compressive properties of plastics under specified conditions and is compared to the international standard with ISO 10350-1 and ISO 10350-2 on fiber-reinforced composites with fiber lengths of 7.5 mm before curing. The plastic chips treated with nanoparticles are characterized by an increase in the density of nanoparticles, as illustrated in Figure 9 Micrographic image (SEM) with a grain scale of   2   μ m   and   200   nm  .





4. The Experimental of IFM Network


The experiment begins by choosing the critical operational parameters, which were divided into categories by (RSM) demonstrated by (DOE) in front propagation and predicting the deviation in nanoparticle feeding brought on by a Lorentz effect, as discussed in Figure 6 above. A homogeneous transverse gravitational flux has highly conductive nanomaterials through a vertical porous die into a porous substance (i.e., part 9 in Figure 3) with time-dependent oscillatory permeability. Some of the mathematical equations feed a meta-heuristic technique called the weighted superposition attraction algorithm (WSA) in the backpropagation to reset the significant parameters to keep the product within standard specifications.



The experiment records eleven defect opportunities in the product during the machining process, as discussed in Table 1 above. The investigation identifies the root cause of process failure by failing to manage the oblique stagnation-point slip flow (OSPSF) of an MHD in two dimensions with buoyancy force over a vertical Riga surface (i.e., part 15 in Figure 3) as illustrated in Figure 10. Therefore, the authors’ check of injection flow parameters and heat transfer properties are also examined [51].



However, the experimental physical data of the based fluid and the β(core) or β(skin) nanomaterials are exhibited in Table 3, which the RSM classifies as struggling with the air bubbles and twist. The basic mechanical properties of the composite were analyzed, as shown in Table 5, such as hardness, fracture strength by the four-point bending method, and toughness which Single Edge-Precracked Beam analyzed with a depth 0.254 mm [52].




5. The Election of Significant Working Parameters


According to the step length of movement between the lower and upper level [LL, UL], each parameter will generate neighbor sets, which consist in determining a search direction with a step length using a position updating mechanism, which is a crucial step in developing effective search algorithms. This mechanism is given by Equation (10), and artificial agent   i     1 ≤    i    ≤    AA      updates its position on dimension   j     1   ≤    j    ≤    D      at iteration t as formalized by Equation (10).


   X  i j     t + 1   =  X  i j    t  + s l  t  ×  d  i j    t  ×    X  i j    t     



(10)




where    X  i j    t    is the value of the position of artificial agent  i  (parameter) on dimension  j  (layer) at iteration  t ,   s l  t    is the value of step length at iteration  t ,    d  i j    t    is the search direction of artificial agent    i    (toward lower value or toward upper value) on dimension j at iteration  t , and      X  i j    t      is the norm of the position vector of artificial agent    i    on dimension  j  at iteration  t , and    d  i j    t  ∈   − 1 , 0 , + 1    , where −1 denotes the lower value LL, while +1 denotes the upper-value UL and 0 is the target value. The second term updates the position of an artificial agent via the second term [53,54]. Full factorial design technique is used to get the required experiments that are being performed through experiments that have been conducted 81 times. Replicates 1 suggests performing each experiment or test just once, considering three levels for each parameter, as shown in Table 6.



Figure 11 illustrates the effect of flow rate and viscosity and the effect of melting temperature and injection pressure, which must be controlled to resist the bubbles’ appears, while the injection speed causes the shock absorption-dot defects as illustrated in Figure 12 according to effect three significant parameters Flow-rate, Injection-speed, and temperature, which are related to screw speed, and injection pressure also an effect of melt-temperature have a direct impact on reducing the burning shock absorption-weakness defect.



Also, the wrong length dimension defect due to shrinkage, which affected by the injection pressure effected by melting temperature and flow rate, as illustrated in Figure 13, Figure 14 demonstrates that parameters (the magnetic field and # of electrodes) impact mixture properties most. Therefore, the author uses a prediction metaheuristic for on/off Riga surface electrodes to control the magnetic field and sort two alumina sizes (   β  c o r e   ,    β  s k i n    ). Also, the Figure points to the viscosity importance affected by thermal conductivity, which receives heat from outsource and inner-source.



The analysis of significant parameters to check the impact weight via ANOVA is shown in Table 7. Six working parameters elected were found to be accountable for product properties’ quality flaws and weaknesses based on data analysis and control as discussed above in the pseudocode and enhance the product characteristics. They are injection pressure and up melting temperature. Along with operating conditions, the flow rate and viscosity of molten material are considered.



The previous four figures emphasize that the melting temperature and viscosity are shared significant parameters that must be controlled continuously because they appeared as significant parameters in the injection process and the incubator parameters mechanism.



Table 7 show the importance of control thaw temperature and injection speed which relies on the screw speed, while the injection pressure tackled by MHD molten β(core) and β [55,56,57]. Figure 15 illustrates the behavior of flow under the influence of the Lorentz force, which may form a vortex leading to increasing β(skin) gathering named β(core) which may be utilized to increase product durability by 98.15%, especially when Lorentz force behaves according to Weibull distribution as the following expression WeibullStdDist (3.736946, 96.0272).



We note from the previous three figures that the mixture’s temperature is a shared influencing factor whose sources must be controlled. The authors found that the heat has an external source that can be controlled, while the internal source depends on the strength of the magnetic field and the number of electrodes installed in a Riga plate. Therefore resorting to the meta-heuristic method help in predicting the relationship between the inner temperature and the electrodes. The DOE showed the interaction effect and emphasized the importance of the main six working parameters because of Prob. >F value as shown in Table 8, which is the basis of the second degrees mathematical model by using Minitab (16) [58,59,60]. Backward elimination is used in this study because it may be used to eliminate unnecessary terms and control the quadratic models for faults. The quality of regression models is demonstrated by the determination of    R 2  .   The value of    R 2    near to 1, that is needed and reasonable concurrence with nearby    R 2    is essential.



Figure 16 shows the three main defects, which the authors settled on selected to be eliminated by optimizing process parameters on formed parts and weakening product properties. These defects are mentioned as shrinkage, black dots, and air bubbles, which negatively affect shock absorption durability. Therefore, Figure 17 is interested in analyzing the main parameter that motivates them: the mixture Velocity in the piston and which passes the Riga surface. The F = 3.37 is equal to 0.05 for a level of significant parameters. The Up Melting temperature [F = 8.845 > F = 3.37], injection pressure [F = 7.13 > F = 3.37], and Cooling temperature [F = 2.35 < F = 3.37] have not given a significant effect process variation.



The injection speed [F = 7.45 > F = 3.37], and screw speed [F = 6.1 > F = 3.37] have given a significant consequence to the defects rate and up melt temperature having the highest significant value esteems that is 20.45% track by ambient temperature 11.17%, flow rate13.89%, injection pressure 15.6%, and viscosity 11.3% as the influence factor for defects. Cooling time only contributed 0.46%, and lastly, cooling temperature represented 1.85% as illustrated in Figure 16. The cooling temperature and cooling time have no significant effect on the process variation. While Table 9 and Table 10 show the different values of significant variables used to reduce the output vary according to different values of  Ψ  = 0.025, 0.028, 0.031, 0.1 when    γ a  = 1.0   [61,62]. Figure 18 illustrates the very strong agreement between the existing and available published outcomes. As a result, we are sure that the data presented here are precise/accurate. New analytical research is presented by Aatef D. Hobiny et al. to investigate the effects of heat source velocity on skin tissue temperature [63], while Ibrahim A. Abbas use the Newton-Raphson solver to tackle the non-dimensional governing velocity and temperature contours equations [64].



Table 9 and Table 10 show the rate of the    x  b s     of zero resistance factor on the facing surface    τ  b w   = 0   for some values of  λ  and     ∑  a i    when    γ i  = 1.0   and   φ = 0.1  , for   λ   + v e     and   λ   − v e    , respectively. The location of the point    x  b s     continuously shifts to the left of the origin O (opposing flow region) for a default value of     ∑  a i   , but further, it shifts to the left of the origin more for the case of the absence of the impact of the velocity slip parameter     ∑  a i  = 0.0   as compared to the presence of the default value of velocity slip parameter     ∑  a i  = 0.5  



Figure 19 illustrates the relationship between viscosity (liquid abscission rate) and denisty with time in sec [64]. The converging trend of the goal function discussed in Equation (11) for each test function is shown in Figure 20. The surface quality that have minimum defect opportunities is approximately zero. The IFM system, i.e., RSM integrated with mathematical WSA algorithm, which is considered the theoretical and practical approach, are combined essentially to develop an acceptable functional relationship between the input parameter and the response y relies on precise prediction to defective opportunities appears. Input parameters are symbolized by A, B, C……AC, BC,    B 2  ,  D 2  ,  E 2    as expressed in Equation (11). In the current analysis, the thermal dispersion impact across a vertical Riga plate in a fluid-saturated porous media is studied numerically where mimicking Ibrahim A. Abbas et al. [65] in tackling the flow equations, which consider Forchheimer extension.



In this study, we have taken up statistical modelling to build a similarity between the response y and independent variables [66].


   Y  1 , 2 , 3   =      β   0  +      β   1   A    +      β   2  B +      β   3  C +  β  12   D +  β  13   E +  β  13   AC +  β  23   BC +  β  11    B 2  +  β  22    D 2  +  β  33    E 2   



(11)








6. The Validation of the IFM mechanism


The main objective of hybridization is to improve the machining operation by adapting the process quickly to keep the products within the quality standard specification and prevent defect opportunities from appearing, as shown in Table 11. The author tests the validity of the hybridizing of two metaheuristic methods modified by comparing their results of the optimality for working conditions for mathematical WSA in searching for the value lie between LL and UL. The validation follows comparing with thirteen metaheuristic functions tackled [66]. The solution’s fitness is illustrated in Figure 21 for two cases of λ (−0.75, 0.75), and choose the minimum deviation.



The Analysis of Results


An improper flow rate of molten material causes air bubbles on the surface of plastic parts. The air bubbles due to the lousy mixture appear due to the die cavity when molten material is injected into the die. The mass flow rate is also responsible for air bubbles in the molded part. Table 10 shows recommended setting for optimum parameters. These results are taken by using Minitab (16). Figure 22 illustrates the difference between DOE and IFM prediction temperature as a significant working parameter. The IFM is superior to the twelve native methods and has equality with the three methods. It reduces the defects through continuous monitoring to guide the process toward adaptive resetting of their working parameters to keep the products within the standard specification, as shown in Table 10. Table 11 shows the factorial design in which four factors are also known as parameters, with two levels selected. This matrix is constructed in design expert software (7.0.0) [67]. This factorial design shows the parameters set for each factor on which responses are obtained. In the 4th column (   d B   ,    d  A C    ,    d  A P    ) express the defects arranged as follows, whole defects before optimization and the expected defects (if implementing the compared method, if implementing the IFM system).



Figure 23 prove the validation of utilizing the mathematical WSA to quick response for desktop injection machine in new modification to rely on it in IFM, as demonstrated through Table 12, which shows the minimum values representing the best choice by shading them. The (   d B   ,    d  A C    ,    d  A P    ) denotes the defects before and after when trying thirteen methods. The injection molding process has improved and reduced defects rate by = (0.9195–0.706/0.85) × 100 = 23.21 % to be by using this optimum setting of factors, as shown in Table 13 and making a comparison before control and after, as shown in Table 14. The IFM system was not superior overall, but the comparison proved that it outperformed in some of the implementation ranges, and the author chose three of them to illustrate the convergent slope according to Equation (10), i.e., the objective function for specific response (bubbles) as illustrated in Figure 22.



The injection speed [F = 7.45] and screw speed [F = 6.1] have given significant consequences to the defects rate and up melt temperature having the highest significant value esteems that is 20.45% tracked by ambient temperature, while flow rate share, injection pressure, and viscosity 11.17%, 13.89%,15.6%, 11.3% respectively as the influence factor for defects’ reduction. Figure 24 illustrates the optimal working parameters that guarantee to prevent of the three famous defects types with the efficiency of approximately 77.2%, 100%, and 84.23% respectively, while Figure 25 illustrates the durability of the three main famous recycled and notes that the higher the dimensions and the lower the thickness, the lower the durability, but all defects aforementioned in Table 1 are treated. Remaining analysis data can be found in the Supplementary Materials Section.





7. Case Study Limitations


The experiments declare the importance of controlling the melting temperature, injection pressure, injection speed, and screw speed, as shown in Table 14 and illustrated precisely in Figure 25 and Figure 26. In this work, the integration between the mechanical system that seems evident in the incubator and the automatic control of two components inside, which are the Riga surface and orifice shape of the piston and diameter, to control the alumina density in the mixture and distribute into core and skin by amounts meet the quality of the mixture properties. However, the limitation of the study is that it was implemented experimentally over a small amount of waste, and the ratio of plastic to aluminum is 96.1%:3.9%. When the percentage of alumina is close to 3.9%, the electrodes will be disabled. Therefore, the prediction of imaging analysis must be rapid, which prompted the authors to use the meta-heuristic algorithm as WSA.




8. Conclusions


Recycling waste is essential, as the results are directly reflected in the environment, especially in recycling heavily polluted material that does not decompose, such as plastics and aluminum cans. The waste characteristics are improved when deciding to recycle to present products with longer lifetimes and the possibility of being reused more than once quickly. The authors worked on using plastic and aluminum waste in the nanoscale size and trying to improve the recycling process by mixing both of them and controlling the operating parameters that ensure the quality of the mixture during the product formation. The authors discover that two significant parameters that affect the RPW qualities are temperature and viscosity 240   ° C  , 2.3   N · sec ·   cm   − 2     respectively, which is set experimentally to disable half electrodes when inner heat is at a maximum value because the solubility is inverse proportion to the amount of heat and magnetic field, as indicated in Table 12. The authors suggest using a meta-heuristic method to control the electricity and related temperature. It was noted that the product’s ability to absorb shocks improved (e.g., car and helmet). Figure 25 and Figure 26 indicate that the injection orifice pressure and viscosity must be controlled to reduce the defects by more than 15.6%. Table 15 shows the improvement after IFM network methodology implementation on the product (e.g., windows frame    1 ″  ×  1 ″    square cross section) to find shrinkage decreased by 90.4%, while number of shocks increased or durability by 86.6% due to decrease the bubbles in the mixture during forming to 95.7%. The whole process has improved by 90.56%.




9. Future Work


There are many applications suggested by the authors that use nanofluid in the power sector by harnessing the maximum heat of the mixture to generate electricity via thermal electric generators TEG to reduce the power consumption by the machine [68].
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Figure 1. Fishbone diagram to identify the root cause of recycling process. 
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Figure 2. The famous types of defective while injecting the RPW. 
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Figure 3. IFM Network framework. 
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Figure 4. Positioning updating mechanism for whole working parameters. 
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Figure 5. The prototype of the incubator’s liquid sector layout using over Riga surface. 
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Figure 6. The distribution of incubator three pistons. 
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Figure 7. Physical mixture injection distribution between pistons (1), (3) under Lorentz force. 
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Figure 8. Microscopic view of hybrid nanofluid sizes at the nozzle of pistons (2). 
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Figure 9. Micrographic image SEM for (a)    β  s k i n :     alumina(−) and (b)    β  c o r e :     alumina(+) nanoparticles. 
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Figure 10. The distribution of injection pressure for the three incubator pistons. (a) Piston (1, 3) nanofluid particles in cylinder piston; (b) Piston (2) nanofluid particles in above incubator section. 
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Figure 11. The significant parameter impact the bubbles appeared. 






Figure 11. The significant parameter impact the bubbles appeared.



[image: Sustainability 15 02641 g011]







[image: Sustainability 15 02641 g012 550] 





Figure 12. The significant parameter impact the shock absorbing weakness (durability). 
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Figure 13. The significant parameter impact the shrinkage due to wrong length. 
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Figure 14. The significant parameter impact the incubator mechanism. 
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Figure 15. The Lorentz force effect front Riga surface. 
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Figure 16. Defects on the surface of parts. 






Figure 16. Defects on the surface of parts.



[image: Sustainability 15 02641 g016]







[image: Sustainability 15 02641 g017 550] 





Figure 17. Normal velocity behavior for   φ = 0.1   and    γ i  = 1.0     (a)     ∑  a i  = 0   if mixing in flow assisting   λ = 0.75  ;     ∑  a i  = 0.5   if mixing in flow opposite direction   λ = − 0.75  . (b)     ∑  a i  = 0   Tangential velocity behaviour at   φ = 0.025   when    γ i  = 1.0    : (a) if mixing in flow assisting   λ = 0.75  ;     ∑  a i  = 0.5     if mixing in flow opposite direction   λ = − 0.75  . 
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Figure 18. Comparison of normal velocity pattern    F ′     y j      for the several values of    a c    when   φ = 0   [45]. 
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Figure 19. Contour plots between melt temperature and viscosity. 
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Figure 20. Contour plots between Injection Pressure and Melt temperature. 
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Figure 21. The fitness values of the best artificial agent vs. iteration number of Rastrigin Problem (RG) because it has minimum deviation. 
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Figure 22. The comparison between the DOE and IFM temperature of mixture inject by piston (2). 
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Figure 23. Convergent slope of the Equation (2) i.e., the objective function for specific response (bubbles). (a) Four − peak situation function; (b) Rosen − Brook situation function; (c) Rastrigin situation function. 
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Figure 24. The optimal working parameters of the IFM for control the common defective opportunity (mixture inside injection machine). 
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Figure 25. The durability test for the recycled product for mimic different three product. 
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Figure 26. The optimal working parameters of the IFM system for control the common defective opportunity (mixture inside incubator). 
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Table 1. Rejection according to poor mixture and parameters control for four products.
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	Defects
	Houseware
	Engineering Helmet
	Window Frames
	The Front Bumper of the Car
	Sub Total Defects
	% Age
	Acc.





	Air bubbles
	36
	341
	271
	263
	911
	35.52%
	0.35



	Number of of Shock absorp.
	2
	145
	125
	267
	539
	20.96%
	0.56



	Flow marks
	0
	102
	98
	21
	221
	8.59%
	0.65



	Burn marks
	16
	23
	97
	0
	136
	5.29%
	0.70



	Scratches
	5
	65
	78
	85
	233
	9.06%
	0.79



	Short die
	3
	62
	8
	5
	78
	3.03%
	0.82



	oil/dirt
	13
	49
	35
	9
	106
	4.12%
	0.86



	white marks
	0
	0
	5
	1
	6
	0.23%
	0.87



	Shrinkage
	46
	91
	105
	65
	307
	11.94%
	0.99



	Black dots (cavity)
	2
	6
	8
	0
	16
	0.62%
	0.99



	others
	2
	16
	0
	1
	19
	0.74%
	1.00



	Total
	125
	900
	830
	717
	2572
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Table 2. The IFM methodology Network variables and parameters.






Table 2. The IFM methodology Network variables and parameters.





	
Variables

	
Defination






	
   M a x _ i t e r   

	
The maximum number of Iteration (stopping rule)




	
Iteration

	
The initial setting number for the iteration [10–100]




	
    C  h s     

	
Cloud history set




	
   A A   

	
Number of artificial agents which represent the number of IFM parameters




	
  D  

	
Number of dimensions that represent the IFM sequancing, where N is the # of parameters




	
    τ i    

	
User defined parameter    j   ;    τ   1    = 0.2 −  τ   2    = 0.5 −  τ   3    = 0.8   [0, 1]




	
    λ i    

	
The buoyancy of mixed convection factor    λ   1    = 0.95 −  λ   2    = 0.6 −  λ   3    = 0.5  




	
    φ i    

	
User defined parameter    j    in a hidden layer    φ   1    = 0.2 −  φ   2    = 0.018 −  φ   3    = 0.017 … = 0.015  




	
   U L   

	
Upper level for each parameter    j    in the left layer




	
   L L   

	
Lower level for each parameter    j    in the right layer




	
   s  l i t    

	
The step length of jumping move over the solutions mesh set by 0.0034 within the specific range [LL, UL]   s  l   1    = 0.035 − s  l   2    = 0.05 − s  l   3    = 0.065 … . s  l   i    = 0.0034  




	
   f  i    

	
Fitness of the current point of agent    i    that achieved the desired output by setting the exact value for the parameter    j   




	
   f   t a r     

	
Fitness of the target point (specific value) determined after using RSM classification




	
   X →   

	
The position vector of the current agent    i   




	
     t a r  →    

	
The position vector of the target point needs to reset continuously




	
     g a p  →    

	
Vector combines an agent    i    to target point between [UL, LL]




	
     d i r e c t  →    

	
The movement direction of the searching vector of an agent    i    toward UL or LL




	
   s i g n       

	
Signum function




	
    γ i  =  b 1  /  a 1    

	
A shear flow parameter




	
    a 1    

	
   The   corresponding   irrotational   stagnation   point   flow ,   a   special   case    a 1  ≥ 0   




	
    b 1    

	
The respective strain rate of the uniform shear flow parallel to the wall into the incubator




	
    γ 1    

	
   The   arbitrary   velocity   slip   factor   and   its   dimension   is   equal   to      M  − 1    L 2  T     




	
     ∑  a   γ 1   μ f  /  L a    

	
Signifies the requisite velocity slip parameter

	
    μ f  =   M  L  − 1    T  − 1          ,    L i  = L   




	
    L i  =    v f  /  a 1      

	
Characteristic lengths




	
    u 0  =    a 1   v f      

	
   characteristic   velocity   for   solid   displacement ,   where    u j  = ∂ φ / ∂  y j         and    v j  = ∂ φ / ∂  x j    




	
    μ  n f     

	
The absolute viscosity of the MHD




	
    k f    

	
The thermal conductivity of the base fluid




	
    ρ  n f     

	
The density




	
    q  i w     

	
   Corresponds   the   heat   flux ,   which   set   as    q  i w   = −  k  n f       ∂  T i  / ∂  y i       y i  = 0     




	
       ρ β     n f     

	
The thermal expansion of coefficient




	
       ρ  c p      n f     

	
The specific heat capacitance of the nanofluid




	
    S ∗    

	
The prediction of specific response (amount of nanoparticles releted to defective mixture)




	
    F ′     y j      

	
Normal velocity pattern




	
    ∇ 2    

	
  The   Laplacian   in   Cartesian   synchronizes   (  x j  ,  y j   ).
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Table 3. The thermo-physical idioms of nanofluid mix properties relationships in incubator.
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Properties

	
Nanofluid






	
Viscosity

	
   (  μ  n f   /  μ f  ) = ( 1 /     1 − φ     2.5   )   




	
Thermal conductivity

	
        k  n f      k f      =    k  A l 2 O 3   + 2  k f  − 2 φ    k f  −  k  A l 2 O 3        k  A l 2 O 3   + 2  k f  − 2 φ    k f  +  k  A l 2 O 3         




	
Density

	
      ρ  n f      ρ f    = φ      ρ  A l 2 O 3      ρ f      +   1 − φ     




	
Thermal expansion coefficient

	
         ρ β     r f         ρ β    f    = φ         ρ β     A l 2 O 3         ρ β    f      +   1 − φ     




	
Specific heat capacity

	
         ρ  c p      r f         ρ  c p     f    = φ         ρ  c p      A l 2 O 3         ρ  c p     f      +   1 − φ     




	
Prandtl number

	
    P r  =    v f     α f      




	
Buoyancy or mixed convection factor

	
  λ =   g  β f     T w  −  T ∞     L i 2     u 0   v f     =     g  β f     T w  −  T ∞     L i 2  /  v f 2     u 0   L i 2  /  v f 2     =    G  r   L i      R  e   L i   2     

	
  λ = 0  , designates to forced convection flow




	
  λ ≠ 0  , designates to buoyancy or mixed convection flow




	
  λ ≥ 0  , refers to the case of BAF or heated die




	
  λ ≤ 0  , refers to the buoyancy opposing flow or cooled die




	
Reynolds number

	
   R  e   L i   1  =  u 0   L i  /  v f    

	




	
Grashof number

	
   G  r   L i    = g  β f     T w  −  T ∞     L i 2  /  v f 2    
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Table 5. The physical data of the molten β(core) and β(skin) nanoparticles and the based liquid solution fluid.






Table 5. The physical data of the molten β(core) and β(skin) nanoparticles and the based liquid solution fluid.





	Properties
	    k    W  ·  m    k   − 1        
	      C   p      J k g K       
	     ρ     k g  ·   m   − 3        
	    β ×   10   − 5   ·   K   − 1      
	     P r     





	Liquid solution
	0.62
	4180
	996.9
	22
	6.84



	    β  c o r e       
	39
	766
	3969
	26.01
	---



	    β  s k i n       
	29
	570
	2145
	21
	---
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Table 6. Process Parameters with molten material properties.
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Parameters

	
Levels




	
Minimum

	
Medium

	
Maximum






	
Up Melt Temperature

	
     220    +  35     49       ° C   

	
     235    +  35     49       ° C   

	
     250    +  35     49       ° C   




	
Injection Pressure

	
80 bars

	
90 bars

	
100 bars




	
Injection speed

	
20 m/s

	
23 m/s

	
26 m/s




	
Screw speed

	
18 rev/min

	
21 rev/min

	
24 rev/min




	
Flow rate

	
31.25 g/10 min

	
35.5 g/10min

	
39.25 g/10min




	
Viscosity

	
1.8   ×   10   − 3     Pa-s

	
  2.01 ×   10   − 3     Pa-s

	
  2.33 ×   10   − 3     Pa-s




	
Rota circulation meter

	
3 rpm

	
4 rpm

	
6 rpm




	
Resistance aisles orifice

	
1.1 g/10 min

	
1.4 g/10 min

	
1.9 g/10 min
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Table 7. ANOVA outcomes for working parameters.
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Source

	
   D F   

	
   S S   

	
   A d j u s t   M S   

	
  F  

	
   p   V a l u e     




	
A

	
Thaw temperature (°C)

	
5

	
0.0494

	
0.013724

	
5.28

	
0.02045




	
B

	
Injection Pressure (Pa)

	
5

	
0.0492

	
0.0142011

	
4.93

	
0.05156




	
C

	
Injection speed (m/s)

	
5

	
0.0023

	
0.02712

	
19.52

	
0.01389




	
D

	
Screw speed (m/s)

	
5

	
0.0126

	
0.01527

	
21.31

	
0.01130




	

	
Errors

	
5

	
0.0097

	
0.002408

	

	




	

	
Sum

	
30

	
0.5585

	

	

	




	

	
     R  2  = 98.27 % →   R  2        A d j      = 89.76 %   
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Table 8. DOE test on design expert.
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	Eliminated
	Evaluated
	Cov.
	   P ( x ) >   t     
	    R 2    
	MSE



	    M e l t  _  t e m p  . ×  I n j  _  s p e e d    
	−0.62
	−0.059
	0.9545
	0.7243
	758.11



	        M e l t  _  t e m p  .    2    
	0.84
	0.12
	0.9091
	0.7238
	664.67



	        S c r e w     s p e e d     2    
	−0.98
	−0.15
	0.8866
	0.7230
	592.42



	        I n j e c t i o n     s p e e d     2    
	1.73
	0.28
	0.7886
	0.7207
	537.70



	      I n j     s p e e d      
	−2.53
	−0.40
	0.6953
	0.7161
	496.76



	      I n j     P r e s s u r e  ×  I n j     S p e e d      
	−6.87
	−0.87
	0.4016
	0.6965
	486.88



	      I n j     P r e s s u r e  ×  S c r e w     s p e e d      
	−11.00
	−0.91
	0.3822
	0.6757
	480.25



	      I n j     P r e s s u r e      
	−8.92
	−8.97
	0.3507
	0.6523
	478.09



	    M e l t  _  t e m p  . ×  I n j  _  p r e s s u r e    
	17.45
	1.45
	0.1683
	0.5999
	513.48



	    S c r e w     s p e e d    
	9.10
	1.48
	0.1584
	0.5411
	552.12



	        I n j     P r e s s u r e     2    
	8.70
	1.44
	0.4816
	0.4816
	586.99
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Table 9. Numerical values of the point    x  b s     of zero friction factor on the facing surface      τ  b w   = 0     for dissimilar values of  λ  (the case of assisting flow) and velocity slip parameter    Σ a    when    γ a  = 1.0   and   φ = 0.1  .






Table 9. Numerical values of the point    x  b s     of zero friction factor on the facing surface      τ  b w   = 0     for dissimilar values of  λ  (the case of assisting flow) and velocity slip parameter    Σ a    when    γ a  = 1.0   and   φ = 0.1  .





	

	
Assisting Flow  λ 

	
    x  b s     

	




	
     ∑  a i  = 0.0   

	
     ∑  a i  = 0.5   

	
     ∑  a i  = 0.0   

	
     ∑  a i  = 0.5   




	
Shear stress

	
0.75

	
−1.6412

−1.6235

	
−1.4288

−1.5362

	
   τ  b w   =  1.3

   N u  = 1.22  

	
    τ  b w    = 0.9       N u  = 2.12    




	
Heat transfer




	
Shear stress

	
1.5

	
−1.9517

−1.8735

	
−1.6793

−1.6218

	
   τ  b w   =  1.6

   N u  = 1.22  

	
    τ  b w   = 0.7     N u  = 2.12   




	
Heat transfer




	
Shear stress

	
3.0

	
−2.6573

−2.4251

	
−2.2488

−2.4187

	
   τ  b w   =  2.1

   N u  = 4.36  

	
    τ  b w   = 1.6     N u  = 4.09   




	
Heat transfer
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Table 10. Numerical values of the point    x  b s     of zero friction factor on the facing surface      τ  b w   = 0     for dissimilar values of mixed convection parameter  λ  (the case of opposing flow) and velocity slip parameter    Σ a    when    γ a  = 1.0   and   φ = 0.1  .






Table 10. Numerical values of the point    x  b s     of zero friction factor on the facing surface      τ  b w   = 0     for dissimilar values of mixed convection parameter  λ  (the case of opposing flow) and velocity slip parameter    Σ a    when    γ a  = 1.0   and   φ = 0.1  .





	

	
Opposing Flow  λ 

	
    x  b s     

	




	
     ∑  a i  = 0.0   

	
     ∑  a i  = 0.5   

	
     ∑  a i  = 0.0   

	
     ∑  a i  = 0.5   




	
Shear stress

	
−0.75

	
−1.4151

	
−1.2466

−1.5362

	
   τ  b w   =  1.3

   N u  = 1.22  

	
    τ  b w   = 0.9     N u  = 2.12   




	
Heat transfer




	
Shear stress

	
−1.5

	
−1.1051

	
−0.9961

−1.6218

	
   τ  b w   =  1.6

   N u  = 1.22  

	
    τ  b w   = 0.7     N u  = 2.12   




	
Heat transfer




	
Shear stress

	
−3.0

	
−0.3994

	
−0.4266

−2.4187

	
   τ  b w   =  2.1

   N u  = 4.36  

	
    τ  b w   = 1.6     N u  = 4.09   




	
Heat transfer
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Table 11. Recommended setting of factors.






Table 11. Recommended setting of factors.





	
Factors

	
Levels




	
Minimum

	
Maximum






	
Up Melt Temperature (°C)

	
     225    +  35   49       

	
     230    +  35   49       




	
Injection Pressure (bars)

	
80

	
90




	
Injection speed (m/s)

	
35.3

	
39.25




	
Screw speed (rev/min)

	
24

	
32
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Table 12. The comparison of fifteen mechanisms with the proposed IFM simulator to predict the β(+) feed rate via imaging analysis.






Table 12. The comparison of fifteen mechanisms with the proposed IFM simulator to predict the β(+) feed rate via imaging analysis.





	

	
Comparing Functions and Methods

	
Range

	
    (  d B         ,  d  A C          ,    d  A P   )    

	
D

	
f(S*)

	
Modal

	
Image Analysis Results

	
    Real   Values ×   10  3            β  s k i n   / c  m 2       

	
WSA

	
IFM






	
1

	
   A c k l e y ’ s   P r o b l e m     A C K     

	
[−30:30]

	
(2572, 3, 3)

	
10

	
0

	
Multi.

	
best

	
0.013

	
8.88 × 10−15

	
7.3 × 10−15




	
Mean

	
0.054

	
8.88 × 10−15

	
7.3 × 10−15




	
StdDev

	
0.054

	
1.0029 × 10−31

	
0.041




	
Avg time

	
115

	
33

	
46




	
2

	
   C o s i n e   M i x t u r e   P r o b l e m     C M     

	
[−1:1]

	
(2572, 9, 3)

	
2,4

	
0.4

	
Uni.

	
best

	
0.399

	
0.4

	
0.4




	
Mean

	
0.398

	
0.4

	
0.4




	
StdDev

	
7.050 × 10−4

	
1.693 × 10−16

	
1.693 × 10−16




	
Avg time

	
97

	
26

	
26




	
3

	
   E p i s t a t i c   M i c h a l e w i c z   P r o b l e m     E M     

	
[0: Pi]

	
(2572, 3, 3)

	
5

	
−9.66

	
Multi.

	
best

	
−9.527

	
−7.2085

	
−7.2086




	
Mean

	
−9.146

	
−6.741

	
−6.739




	
StdDev

	
0.226

	
7.656

	
5.01




	
Avg time

	
399

	
54

	
54




	
4

	
   E x p o n e n t i a l   P r o b l e m     E X P     

	
[−1:1]

	
(2572, 3153)

	
10

	
1

	
Uni.

	
best

	
0.992

	
1

	
1.05




	
Mean

	
0.985

	
1

	
1




	
StdDev

	
0.0045

	
0

	
0




	
Avg time

	
103

	
30

	
30




	
5

	
   G r i e w a n k   P r o b l e m     G W     

	
[−600:600]

	
(2572, 0, 0)

	
10

	
0

	
Multi.

	
best

	
0.325

	
0

	
0




	
Mean

	
0.765

	
0

	
0




	
StdDev

	
0.266

	
0

	
0




	
Avg time

	
150

	
32

	
49




	
6

	
   H a r t m a n   P r o b l e m     H 6     

	
[0:1]

	
(2572, 3, 3)

	
6

	
−3.322

	
Multi.

	
best

	
−3.319

	
−3.304

	
−3.315




	
Mean

	
−3.253

	
−3.1602

	
−3.1603




	
StdDev

	
0.0476

	
0.082

	
0.082




	
AvgTime

	
168

	
40

	
40




	
7

	
   M o d i f i e d   L a n g e r m a n   P r o b l e m     M L     

	
[0:10]

	
(2572, 3, 3)

	
10

	
−0.965

	
Multi.

	
best

	
−1.77 × 10−5

	
−0.95892

	
−0.9589




	
Mean

	
−6.48 × 10−7

	
−0.70597

	
−0.70464




	
StdDev

	
3.234 × 10−6

	
0.14413

	
0.14407




	
Avg time

	
182

	
64

	
53




	
8

	
   N e u m a i e r   3   P r o b l e m     N F 3     

	
[−D2:D2]

	
(2572, 3, 24)

	
10

	
−210

	
Multi.

	
best

	
−209.910

	
−174.025

	
−174.01




	
Mean

	
−208.398

	
−118.745

	
−119.746




	
StdDev

	
1.96285

	
29.4082

	
56.85355




	
Avg time

	
117

	
23

	
67




	
9

	
   O d d   S q u a r e   P r o b l e m     O S P     

	
[−15:15]

	
(2572, 3, 3)

	
10

	
−1.144

	
Multi.

	
best

	
−0.0049

	
−0.1703

	
−0.3357




	
Mean

	
−0.0022

	
−0.1425

	
−0.2828




	
StdDev

	
9.081 × 10−4

	
0.01729

	
9.081 × 10−5




	
Avg time

	
177

	
49

	
59




	
10

	
   P a v i a n i ’ s   P r o b l e m   E q .     P P     

	
[2:10]

	
(2572, 3, 3)

	
10

	
−45.78

	
Uni.

	
best

	
−45.76

	
−30.78

	
−29.79




	
Mean

	
−45.74

	
−27.38

	
−26.39




	
StdDev

	
0.014

	
2.036

	
4.058




	
Avg time

	
196

	
55

	
78




	
11

	
   R a s t r i g i n P r o b l e m     R G     

	
[−5.12:5.12]

	
(2572, 3, 0)

	
10

	
0

	
Multi.

	
best

	
0.039

	
0

	
0




	
Mean

	
0.159

	
0

	
0




	
StdDev

	
0.095

	
0

	
0




	
Avg time

	
141

	
32

	
18




	
12

	
   R o s e n b r o c k   P r o b l e m     R B     

	
[−30:30]

	
(2572, 3,3)

	
10

	
0

	
Uni.

	
best

	
0.92

	
8.917

	
0.664




	
Mean

	
6.411

	
8.945

	
2.183




	
StdDev

	
1.818

	
0.016

	
0.013




	
Avg time

	
98

	
25

	
81




	
13

	
   F o u r − p e a k   f u n c t i o n   

	
[−100:100]

	
(2572, 3, 0)

	
10

	
0

	
Uni.

	
best

	
0.09987

	
0

	
0




	
Mean

	
0.20668

	
0

	
0




	
StdDev

	
0.0904

	
0

	
0




	
Avg time

	
69

	
20

	
14




	
14

	
   S h e k e l ’ s   F o x h o l e s   P r o b l e m     F X     

	
[0:10]

	
(2572, 379, 1331)

	
5, 10

	
−10.4

	
Multi.

	
best

	
−10.4

	
−10.06

	
−9.72




	
Mean

	
−6.43

	
−8.09

	
−9.75




	
StdDev

	
3.62

	
1.124

	
−1.372




	
Avg time

	
171

	
43

	
85




	
15

	
   S i n u s o i d a l   P r o b l e m     S I N     

	
[0:180]

	
(2572, 103, 230)

	
10,20

	
−3.5

	
Multi.

	
best

	
−3.489

	
−3.4913

	
−3.9337




	
Mean

	
−3.4504

	
−3.467

	
−3.3570




	
StdDev

	
0.022

	
0.0137

	
0.0054




	
Avg time

	
193

	
34

	
112
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Table 13. Results of Confirmation.






Table 13. Results of Confirmation.





	
Run

	
1

	
2

	
3

	
Mean






	
1

	
0.629

	
0.827

	
0.678

	
0.709




	
2

	
0.618

	
0.838

	
0.659

	
0.709




	
3

	
0.638

	
0.819

	
0.648

	
0.701




	

	
Total Mean

	
0.706
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Table 14. Comparison after and before optimization.






Table 14. Comparison after and before optimization.





	
Working Parameters

	
Piston (1)

	
Piston (2)

	
Piston (3)




	
Low

	
High

	
Low

	
High

	
Low

	
High






	
Melt Temperature (°C)

	
220

	
230

	
220

	
230

	
220

	
240




	
Injection Pressure (bar)

	
80

	
100

	
80

	
90

	
80

	
95




	
Injection speed

	
20

	
25

	
20

	
25

	
20

	
25




	
Screw speed

	
16

	
18

	
18

	
20

	
22

	
24




	
Flow rate (g/s)

	
2.912

	
3.125

	
2.745

	
3.224

	
2.957

	
3.139




	
Viscosity (Pa-s)

	
1.8 ×     10   − 3    

	
2.3 ×     10   − 3    

	
1.9 ×     10   − 3    

	
2.02 ×     10   − 3    

	
1.8 ×     10   − 3    

	
2.48 ×     10   − 3    
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Table 15. Comparison of defective parts after and before improvement.






Table 15. Comparison of defective parts after and before improvement.





	Defect
	Before
	After
	Improve (%)





	Shrinkage
	539
	52
	90.4%



	Flow marks
	221
	46
	79.2%



	# of Shock absorption
	41
	307
	86.6%



	Air bubbles
	911
	39
	95.7%



	Scratches
	233
	13
	94.4%



	Burn marks
	136
	4
	97.1%
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