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Abstract

This article describes the effect of squeezing process on the porosity of partially remelted A319/20 vol.-% SiC particulate reinforced metal matrix composites (MMCs). The composite alloy was originally fabricated by stir casting technique. The effect of squeezing process parameters such as the squeezing time, compressive stress and the liquid weight fraction inside the melt on the overall porosity was extensively studied. It was found that the squeezed composites have lower overall porosity when compared to the as-cast composites. The lowest overall porosity content was observed when the squeezing process parameters are at their peak values. After squeezing, the gas bubbles voids were practically eliminated. While the inter-particles voids were significantly reduced but not completely eliminated due to fracture of SiC particles and generation of new inter-particles micro-voids. Pin-on-disc wear tests were conducted to evaluate the effect of porosity of the wear resistance of the composites. An artificial neural network (ANN) modelling for wear behaviour of the composite alloy has been established. The developed model takes into account the effect of porosity on the wear resistance of MMCs. The results showed that, the wear resistance of the squeezed composites is significantly higher than the as-cast composites due to the lower porosity content of the squeezed composites. 
Keywords: Press Forming, Metal Matrix Composites, Wear, Semi-Solid.
1. Introduction

Aluminium based metal matrix composites (Al-MMCs) become attractive for the automotive and aerospace industries when a lightweight and near-net-shape components is desired. Al-MMCs alloys are well known with their high wear resistance, improved high temperature tensile and fatigue strengths [1-3]. There are a number of techniques available for producing such composites, for example powder 

metallurgy, in-situ, pressure infiltration and stir casing. The latest is one of the most economical routes for preparing such materials. This technique involves the addition of particulate reinforcement into liquid metal during mechanical or magneto-hydrodynamic (MHD) agitation of the melt. Unfortunately, MMCs prepared by stir casting technique suffer from several microstructural defects such as low wettability, particles clustering and high porosity. Porosity is an important defect, which can have a detrimental effect upon the mechanical properties of the composites [4-8].
The porosity of the composites can be reduced by application of plastic forming processes, such as extrusion or hot rolling, to the composites. It was reported that such solid-state post-processing treatment has greatly improved the strength and ductility of the composites which can be attributed to the decrease in porosity content, better interfacial bonding between particle and matrix and the refinement of the matrix structure [9-11]. In recent years, semi-solid forming techniques have been developed for forming MMCs, offering significant advantages over the conventional solid-state processing from both technical and economic standpoints. One of the major advantages of semi-solid forming is the excellent deformability under very low flow stresses relative to the fully solid state. Nguyen et al [12] showed that the compressive stresses of the composites can be as low as a few kilopascals for the lowest strain rates investigated which is very attractive for forming applications. The compressive stress decreases with increasing liquid weight fraction but this dependence varies with the volume fraction of the reinforcement particles. For large liquid weight fractions, the compressive stress exhibits a minimum at an intermediate value of the particle volume fraction. For small liquid fractions, stress increases with increasing particle fraction. 

In this study the effect of semi-solid squeezing process parameters such as magnitude of the applied pressure and the time of its application, and the liquid weight fraction inside the matrix, on the porosity content of A319/20 vol.-% SiC composite fabricated by stir casting was determined. Moreover, the effect of the porosity on the wear behaviour was extensively studied and modelled using artificial neural network approach.
2. Experimental Work

2.1 Raw Materials
The A319 aluminium alloy was used as matrix. The chemical composition of A319 Al alloy used in this study is presented in Table 1. SiC particles with size of 70+20 (m were used as reinforcement material. The reason of using such large size of SiC particles as reinforcement is to make the composite easier to fabricate, since it well known that fabrication of such composite containing high volume fraction using vortex method is very difficult when SiC particles have small size [13].
Table 1. The chemical composition of A319 Al alloy

	Alloy
	Chemical compositions (wt%)

	
	Si
	Fe
	Cu
	Mg
	Mn
	Ni
	Zn
	Ti
	Al

	A319
	6.48
	0.25
	3.00
	0.002
	0.003
	0.004
	0.013
	0.009
	Bal.


2.2 Metal Matrix Composites Preparation

Composite alloy including 20 vol.-% of SiCp was produced by stir casting technique. The composites were fabricated by a molten metal of A319 Al alloy using an electrical resistance furnace. Approximately, 3 Kg of the alloy was charged into the crucible made from graphite and heated up to 680 oC for melting. After complete melting of the A319 Al alloy, a stainless steel mixer fixed on the mandrel of the drilling machine was inserted into the crucible, and started to stir the molten alloy at approximately 750 rev/min speed. After melting was completed, the mixing process started. Preheated SiCp were introduced into the matrix during the stirring by means of a tunnel-type pipe. After completing the SiCp addition, the mixer was turned off and the molten mixture was poured into preheated permanent steel mould. The steel mould had inner dimension of 60mm(60mm(300 mm. The composite ingot was machined into small cylindrical discs of 15 mm diameter and of 25 to 50 mm height.
2.3 Differential Scanning Calorimeter Analysis

 
The solidification range for A319 alloy was determined using differential scanning calorimeter (DSC) technique. To determine the liquid weight fraction inside the melt at any temperature, the liquid weight fraction versus temperature curve was constructed by integrating the area under the DSC curve. The DSC experiment was conducted during heating with 5 oC/min heating rate.
2.4 Metallographic Analysis
Microstructural observations were conducted using an optical Olympus metallurgical microscope equipped with high resolution digital camera. The porosity volume fraction was determined using quantitative metallographic method at magnification 100× by image analyzing techniques.  Microstructural characterization was performed in the unetched condition.

2.5 Squeezing Experiments
Squeezing was carried out on a hydraulic pressing machine with a capacity of 500 KN. Fig. 1 shows a schematic diagram of the squeezing apparatus used in the present investigation. After 30 min of isothermal holding at the deformation temperature, the specimen was squeezed at a constant axial strain rate (1 mm/min). In order to minimize friction during the test, the inner surface of the outer cylinder and the ram face were covered with a graphite coating.
To reduce the number of experimental trials required to gather the necessary data about the effect of squeezing process parameters on the porosity content of the composite, a design of experiment (DoE) was carried out using Taguchi's design approach [14]. This approach has become a much more attractive tool to practicing engineers and scientists.  The essential steps include identifying the factors that are to be included in the study and determining the factor levels. It was decided to study the effect of the parameters viz., pressure (P), liquid weight fraction (FL) and time (T) on the responses viz. the overall volume fraction of porosity (Vt%). Each factor has three levels, level 1, level 2 and level 3 that represent the minimum, mean and maximum values of the factor, respectively. The range of the factors was fixed as given in Table 2.  In present study, a L27 orthogonal array (OA) of Taguchi was chosen [14]. The L27 means that there are three factors of interest and each factor is set at three levels. In a L27 OA the total number of experiments to be conducted is 27 (33).
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Fig. 1. Schematic diagram of the squeezing apparatus (Dim. in mm).

Table 2. Pressing parameters and their levels

	Symbol
	Squeezing Parameter
	Level 1
	Level 2
	Level 3

	P

FL
T
	Compressive stress (MPa)

Liquid weight Fraction 

Pressing Time (second)
	50
0.4
30
	100

0.6
60
	150

0.8
90


2.6 Wear Testing 

Specimens for wear testing were machined from longitudinal sections of the as-cast and squeezed composites. The wear specimens were solution treated at T6 condition (540 + 1 oC) for three hours and then quenched in cold water. After cooling specimens were artificially aged at 160 + 1 oC (T6) for 6 hours. Wear tests were performed on a regular pin-on-disc machine. Cylindrical pin specimens of dimension 8 diametervand length 12 mm were used. The counterface disc was made of 316 stainless steel, of nominal composition (by wt.-%) C =0.08%, Si =1%, Ni = 12%, Cr = 17%, Mo = 2.5% and balance Fe, with a hardness of 184 VHN. The disc was polished to 1200 emery papers before each wear test. Wear tests were conducted at a fixed velocity of about 0.85 m/s under normal loads of 2, 4, 6, 8 and 10 N. A fixed track diameter of 80 mm was used in all tests. The duration of the experiment was controlled by a built-in stopwatch. The time of test was kept constant in all cases at 15 min. All tests were run under dry sliding conditions. Wear was measured as the loss in weight of the pin after the test, with an accuracy of 0.1 mg, using a sensitive electronic balance. The wear surface and wear debris were examined using a scanning electron microscope (SEM).

2.7  Artificial Neural Network (ANN) Approach

In The present study an ANN model was developed to predict the effect of the porosity content and applied load on the wear behaviour of MMCs. The interest in ANN modelling in the fields of materials science and physical metallurgy has increased rapidly [15]. Studies on application of the neural network modelling to wear and friction behaviour of material pointed out that a well-trained network is expected to be very helpful and powerful [16].  ANNs are non-parameterised non-linear models used for empirical regression and classification modelling. Their flexibility enables them to discover more complex relationships between the data than traditional linear statistical models. Among the many neural networks approaches that have been developed, the most popular neural network is known as back-propagation. This approach is currently forms the basis for the majority of practical applications. It was found that this ANN approach provides more useful data from relatively small experimental databases. The ANN back-propagation approach was adopted in this study [17]. The neural network modelling was conducted using MATLAB commercial software facilities.

3. Results and Analysis
3.1 DSC Results

The curve obtained from the DSC experiment for the matrix A319 is illustrated in Fig. 2. The figure shows the variation of liquid weight fraction with the temperature. The curve was obtained after integrating the area under DSC curve. According to DSC experiment, the temperatures 567, 574, and 593 oC correspond to 0.4, 0.6, 0.8 metal liquid weight fraction (Vm), respectively.
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	Fig. 2. DSC curve and the variation of liquid weight fraction with
 temperature for A319 unreinforced alloy


3.2 The porosity of composites 
The A319/20 vol.-% SiCp composite produced by stir casting exhibited fairly homogeneous microstructure. The agglomeration % (measured by area %) was less than 10%. However, many structural defects such as high porosity, and poor particles/matrix interfaces were observed. Micrographs for the as-cast composites are represented in Fig. 3.
It is clear from micrographs that different types of porosity are present in the structure of the as-cast composites, such as gas bubbles porosity and inter-particles porosity. The total volume fraction of porosity (Vt%) is equal to the summation of the volume fraction of inter-particles clustering porosity (Vi%) and volume fraction of gas bubbles porosity (Vg%).
Porosity measurements showed that composite alloy exhibited average overall porosity content of about 13 vol.-%. The gas bubbles porosity represented about 8 vol.-%, while the inter-particles clustering porosity represented about 5 vol.-%. This means that vol.-% of gas bubbles porosity was more than the vol.-% of the inter-particles clustering porosity.
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	Fig. 3. The microstructure of the as-cast A319/20 vol.-% SiCp composite showing several structural defects; (a) general view, (b) and (c) high magnification showing the gas bubbles and inter- particles porosities, respectively 


The obtained results agreed with those obtained by Bindumadhavan et al [15]. They observed that in composites containing high volume fraction of SiCp the tendency for formation of inter-particles clustering porosity is lower than in low volume fraction composites. They suggested that geometric capturing of the SiC particles restricts their movement inside melt during solidification. The presence of a larger volume fraction of SiC particles tends to physically restrict the growth of porosity. On the other hand, in low volume fraction composites, growth of porosity is not physically restricted to the same extent as in high volume fraction composites and the relatively higher fluidity of the melt allows greater chance for the movement of reinforcement particles and their association or clustering with the pores. This could thus lead to a greater extent of particle-porosity interaction in low volume fraction composites. In the work carried out by Altinkok and Koker [16], they showed that the amount of porosity has been increased with the decrease of the reinforced particle size of Al2O3/SiC particle reinforced composite. Because of the decreasing particle size and increasing number of particles in a unit volume, the larger surface area has occurred. Therefore, this feature increases the surface energy of particles. That is why the amount of porosity increases due to the decreasing particle size. Shuangjie and Renjie [17] have presented similar results.
Fig. 4 shows the size distribution histograms for the two types of porosities presented in the as-cast A319/20 vol.-% SiCp composite. It is clear that, the sizes of the inter-particles voids are generally smaller than the gas bubbles voids. 
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	Fig. 4. The porosity size distribution of the as-cast A319/20 vol.-% SiCp composite (a) inter-particles porosity (b) gas bubbles porosity.


In general, the porosity of A359/SiCp composites is a result of air bubbles entering the slurry either independently or as an air envelope around the reinforcement particles [18]. Most of the gas absorbed on the surface of the particles is water vapour (H2O), and its quantity increases as the average size of the particle decreases. The air trapped in the cluster of particles also contributes to the porosity. Oxygen and hydrogen are both sources of difficulty in light alloy foundry. The affinity of aluminium for oxygen leads to a reduction of the surrounding water vapour and the formation of hydrogen, which is readily dissolved in liquid aluminium. There is a substantial drop in solubility as the metal solidifies, but because of a large energy barrier involved in the nucleation of bubbles, hydrogen usually stays in supersaturated solid solution after solidification. When solidification starts, a network of α-Al dendrites is developed. As solidification progresses, the silicon carbides that already exist in the melt are rejected in front of the advancing α-Al dendrite network. At this stage, there is an accumulation of hydrogen gas in a pocket of interdendritic liquid due to the decrease in the solubility accompanying solidification. When the temperature reaches the eutectic temperature, the growth of pores is limited by their abilities to expand in the remaining melt.

Fig. 5 shows the variation of the Vt% with different levels of P, FL and T.  The overall porosity content of the composite alloy was found to be greatly reduced by the compressive stress, time and liquid weight fraction. It is clear that increasing the compressive stress reducing the overall porosity of the composite alloy. The same observation was noticed when increasing also the squeezing time and liquid weight fraction inside the melt. The minimum porosity content (about 0.85 vol.-%) was observed for the composite alloy is when compressive stress, squeezing time and liquid weight fraction are at their peak values, i.e. at 100 MPa, 30 sec., and 0.8 vol.-% respectively. 
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Fig. 5. The variation of Vt with P, FL, and T for A319/20 vol-.% SiCp composite.
The amount of liquid inside the semi-solid slurry increases with increasing the temperature which on other hand reduces the viscosity of the solid/liquid slurry. Particle distribution in the A319 Al matrix alloy during the squeezing process depends greatly on the viscosity of the slurry and also on the characteristics of the reinforcement particles themselves which influence the effectiveness of squeezing in breaking up agglomerates, and distributing particles. When the amount of liquid inside the slurry is large enough, the particles can be rolled or slid over other and thus breaking up agglomerations and helping the redistribution of particles and improving the microstructure. Fig. 6 shows the microstructure of the squeezed A319/SiC composites after squeezing under 50 MPa for 10 min at weight fractions of liquid of 0.4 and 0.6. It is clear that the microstructure of the composite is greatly improved as compared with the as-cast structure shown Fig. 3. However, it was noticed that SiC particles were broken to smaller particles and some porosity is still exist. 
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(a) T = 10 min., P = 50 MPa, FL = 0.4
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(b) T = 10 min., P = 50 MPa, FL = 0.6

	Fig.  6 Micrographs showing the microstructure development of the composite at different T.


It was reported that, there is a critical pressure above which the particles can slid over each other. Increasing the amount of liquid inside the slurry reduces the critical pressure. Moreover, increasing the liquid inside slurry allows the liquid to fill the inter-particles cavities resulting in lower porosity content for the composites. The microstructure of the squeezed composite alloy is characterized by the presence of cracked SiC particles (see Fig. 7). It is well known that such large particles (70 µm) are more susceptible to cracking, even under low pressure [12]. These new crack acts like new microvoid sites which do not permit the complete elimination of porosity as in the case of the monolithic alloy without SiC particles addition.
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	Fig.  7. (a) Micrograph showing cracked SiC particle under compressive stress of 100 MPa for 30 sec. at 0.8 liquid weight fraction (b) High magnification of a SiC particle showing the cracks and there propagation.


3.3 Analysis of variance (ANOVA) and effect of variables
Table 3 shows the results of the ANOVA with the porosity content. The analysis was carried out for a level of significance of 5% (i.e. the confidence limit is equal to 95%). The last column in Table 3 shows the percentage of contribution (Pc) of each factor on the total variation indicating the influence of the factors on the results.
Table 3. ANOVA table for the porosity content.
	Source of Variation
	DF
	SS
	MS
	F
	Pc

	T
	2
	124.523
	62.261
	2131.595
	21.45

	P
	2
	75.227
	37.613
	1287.742
	12.97

	FL
	2
	361.274
	180.637
	6184.337
	62.19

	T x P
	4
	2.679
	0.670
	22.933
	0.48

	T x FL
	4
	6.448
	1.612
	55.189
	1.13

	P x FL
	4
	6.087
	1.522
	52.101
	1.07

	T x P x FL
	8
	4.052
	0.506
	17.339
	0.71

	Residual
	27
	0.789
	0.0292
	
	

	Total
	53
	581.079
	10.964
	
	100


DF: degree of freedom; SS: sum of squares; MS: mean square; F: F-test; Pc: percentage of contribution.

From the analysis of table 3, it can be observed that time (Pc = 21.45%), pressure (Pc =12.97%) and liquid weight fraction (Pc = 62.19%) have a statistical and physical significance on the porosity of the composites. The interaction pressure/time (Pc =0.48%), time/liquid weight fraction (Pc =1.13%), pressure/liquid weight fraction (Pc =1.07%), and time/pressure/liquid weight fraction (Pc =0.71%) don’t represent percentage of physical significance of contribution of the porosity content. 
It is clear from the above results that the liquid weight fraction variable has the highest as well statistical physical significance on the porosity content followed by the squeezing time and finally the applied pressure.
3.4 The Wear Resistance

For all composites, the amount of wear generally increases with increasing sliding distance, but the weight loss of the as-cast composite is significantly higher than weight loss of the squeezed composites, especially after the longest running distance (5 Km). Fig. 8 shows the difference in the variations in weight loss with sliding distance for as-cast and squeezed composite having the lowest overall porosity content under load of 10 N. Furthermore, there is an absence of the running in regions for the composites. This result was reported by many workers [2,18] and it is attributed to the hardening of the matrix due to the addition of SiC particles, which increases the abrasion rate of the counterface disc and causes very rapid transfer of the oxidized fragments to the composite contact surfaces during the early stage of wear. 
The wear rate for each load (rate of weight loss with sliding distance) was determined using the least-squares method and its variations with normal load are shown in Fig. 9. As expected wear rate for the composites generally becomes greater with an increase in normal load. From Figs. 8 and 9 it is clear that the squeezed composites exhibited higher wear resistance when compared with the as-cast composites. Increasing applied load caused to debonding of the SiC particles, which takes place much easer in as-cast composite due to the high porosity content and the bad interfacial bonding between the matrix and SiC particles. The wear tests results indicate that the amount of porosity has an affect on the wear resistance of the composites. Fig. 10 shows the effect of porosity on wear rate for the squeezed composite specimens at different loads. It is clear that an increase in the amount of overall porosity increased the wear rate.
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	Fig. 8. Variations in weight loss with sliding distance for the composites tested under 10 N load
	Fig. 9. Variations in wear rate with applied load for the composites.



[image: image15.wmf]0

2

4

6

8

10

12

14

0

2

4

6

8

10

12

14

16

 

 

Wear Rate 

(

x 10

-6

 g/m

)

Overall Porosity (vol.-%)

  2N

  4N


[image: image16.wmf]0

2

4

6

8

10

12

14

0

2

4

6

8

10

12

14

16

 

 

Wear Rate 

(

x 10

-6

 g/m

)

Overall Porosity (vol.-%)

   6N

   8N

   10N


(a) 





(b)
Fig.10. Variation of wear rate with overall porosity for the squeezed composites at different loads (a) 2N and 4N; (b) 6N, 8N and 10N.
Fig. 11 shows SEM micrographs of the worn surfaces of the squeezed composite specimen which has minimum porosity content. It is important to mention that all composites (as-cast and squeezed) exhibited practically the same worn surface topography. The difference is that the oxide particles or fragments were found with higher amount on the worn surface of the squeezed composites when compared with the as-cast composites. Moreover, it was found that the as-cast specimens exhibited larger wear traces on the worn surfaces when compared with the surfaces squeezed composites specimens. Fig. 11a shows a typical fracture of squeezed composite and the oxide fragments on it surface. Fig. 11b shows a SEM micrograph of the same specimen but at higher magnification showing that SiC particles are surrounded by oxide fragments. This means that SiC particles are not getting detached easily due to the good interface between the particles and the surrounded matrix. For the as-cast specimens and due to high porosity content the SiC particles were detached and pulled out more easily. Moreover, during sliding, hard detached SiC particles act like third body that does not flow easily. When the matrix of the composites flows over these particles, wide bands or traces will form. The energy dispersive spectrocopy (EDS) of the oxide fragments shown in Fig. 11a is presented in Fig. 12. It is clear that, in addition to Al, there is high amount of Fe, Ni and Cr, which indicates that the material removal was occurred in conterface than that of composites. The presence of hard SiC particles on the surface of the composites lowers the plastic and groove deformation caused by the detached SiC particles resulting in lower material removal content. The detached SiC particles and the SiC particles present in the composites are harder than the counterface materials which cause a higher damage in the counterface material. 
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(a)
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(b)

	Fig. 11. SEM micrographs of typical squeezed composite worn surface 


The present study indicates that the wear behavior of the composites depends on the applied load and porosity content of the composites. In the squeezed composites, lower surface damage was observed. This shows that lowering the porosity content has a beneficial effect in increasing the wear resistance of the as-cast composites. Increasing applied load caused to debonding of the SiC particles, which is more easer in the as-cast composites due to their high porosity content.
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Fig. 12. EDS of oxide fragments shown in Fig. 10a.

3.5 ANN Modelling Results

In this paper, wear rates of squeezed A319/SiC particulate reinforced MMCs were predicted as a function of the porosity content and the applied load. The prediction was carried out by designing a back-propagation neural network that uses a gradient descent-learning algorithm. Fig. 13 shows the experimental data results and neural network prediction results (represented by the surface) of the wear rates according to the given porosities and the applied loads represented in Fig. 10. The neural network results confirmed the feasibility of this approach and showed a good agreement with experimental results produced by MMCs.  The ANN has given the results with an accuracy error less than +10%. According to Fig. 10 the wear rate increases with increasing both the applied load and the porosity.
An empirical equation was developed using ANN predicted and experimental data for wear rate. These types of correlations are useful particularly from the perspective of composite material design. For the test condition and measurement system, as mentioned in experimental study, the empirical equation for wear rate (WR) was established as a function of the overall porosity content (Vt) and applied load (L) for the composites as follows in Eq. 1:
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Fig.13. Wear rate of A319/SiC composite as a function of porosity content and load. Dots are experimental data and the three-dimensional plane is predicted by ANN

	WR = -1.8715 + 0.2490 · L + 1.0468 · Vt + 0.0709 · L2 – 0.0563 · Vt 2 + 0.0147 · L · Vt

	          – 0.0011 · L3 + 0.0008 · Vt 3 – 0.0004 · L · Vt 2 + 0.0001 · L2 · Vt                           …(1)


Where WR is in ×10-6 g/m, L is in Newton, and Vt is in percentage (%). It is important to mention that the above equation is applicable only under the conditions and ranges of loads and velocity studied in this work. This is because that ANN learn from experience, and can predict the tribological data with high accuracy throughout the range of experimental data, however, it cannot be used to predict extrapolate accurately [16]. The results of modelling revealed that the back-propagation ANN approach can be used in prediction of tribological data. In this way amount of experimental work can be significantly reduced. This result was previously cited in literatures [16]. 

4. Conclusions

1. Semi-Solid squeezing greatly reduced the porosity content of A319/20 vol.-% SiC composite. The reduction of the porosity depends on the squeezing process parameters such as magnitude of the compressive stress, squeezing time, and the liquid weight fraction of the melt. The lower porosity content was obtained at a combination of these parameters at their peak levels. 

2. Under constant compressive stress and fixed time, the higher the amount of liquid inside the molten slurry the lower the porosity content of the composites. This is attributed to the increase of fluidity of the alloy. Even with application of low compressive stress for few seconds the matrix can easily fill-in the gas bubbles and inter-particles voids and reduces, but don’t completely eliminate, the overall porosity.
3. Composites have superior wear resistance in the squeezed conditions compared with the as-cast composite because of the low porosity and finer microstructure obtained by squeezing the composites in semi-solid state.

4. The back-propagation artificial neural network approach is a powerful tool in predicting the tribological behaviour of MMCs. In the present study performance of the neural network model is found to be very good as the wear rate could be predicted with an accuracy of ± 10%.
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تأثير العصر فى الحالة الذوبان الجزئى على المسامية و سلوك البرى للسبيكة A319 و المدعمة بحبيبات كربيدات السليكون بنسبة 20% من الحجم
فى هذا البحث تم دراسة تأثير عملية العصر فى الحالة شبة الصلبة على محتوى المسامية للسبيكة المؤتلفة A390  و المدعمة بحبيبات SiC بنسبة 20% من الحجم. و لقد صنعت السبيكة المؤتلفة بواسطة السباكة الدوامية. كما تم دراسة تأثير العديد من عوامل مثل قيمة اجهاد الضغط و زمن الضغط و نسبة المعدن السائل على محتوى المسامية الكلى للسبيكة المؤتلفة. و لقد وجد ان عملية العصر قد ساعدت فى تقليل نسبة المسامية بدرجة كبيرة . و كانت اقل نسبة مسامية قد وجدت للسبيكة التى تم عصرها عند اقصى قيم للمتغيرات السابق ذكرها. ان هذه الدراسة اظهرت ان عملية العصر قد الغت تماما المسامات نتيجة الفجوات الغازية الفقاعية الشكل بينما لم تلغ كليا المسامات البينية المتولدة بين حبيبات SiC نتيجة كسر حبيبات SiC و تولد فجوات بينية جديدة. كما تم ايضا دراسة تأثير المحتوى المسامى للسبيكة على سلوك البرى الميكانيكى للسبيكة المؤتلفة مع عمل نموذج رياضى بواسطة اسلوب الشبكات العصبية الذكية لتوقع تأثير كل من الحمل المطبق على العينة و نسبة المسامية الكلية على مقاومة البرى. و قد اظهرت نتائج البرى ان عينات السبيكة المؤتلفة التى تم عصرها تتمتع بمقاومة برى اعلى من مثيلتها بدون عصر و يرجع هذا لتدنى المحتوى المسامى للسبائك التى تم عصرها.
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