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Abstract: Differential Scanning Calorimetry (DSC) is the most widely used thermal technique applied comprehensively to the analysis of light metals especially Aluminum based metal matrix composites alloys for achieving   superiority of information concerning the specific heat measurement of a material. By observing the difference in heat flow between the sample and reference, differential scanning calorimeters are capable to activities the amount of heat absorbed or exposed during such transitions. Thermal analysis is used to persistence solidification characterstic of metals and alloys in a extend of metallugical processes which help in producing quality materials and civilizing age hardening factor of the materials. The present paper presents the analysis method that is relevant to the study of Al 384.1 based alloys and it can be used for the determination of thermal stability of a material by DSC fabulous.
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1 Introduction

(Kunz and Brampton et.al 2002) have studied that metal matrix composites (MMCs) are widely used composite materials in aerospace, automobile, electronics and medical industries. They have outstanding properties like high strength, low weight, high modules, low density, high wear resistance, high thermal conductivity and low thermal expansion. These desired properties are mainly manipulated by the matrix, the reinforcement element and the interface. The technique is broadly used as a routine quality test and as a research tool and the equipment is a rapid and reliable practice of thermal analysis. The fundamental principle underlying this technique as the sample undergoes a material transformation for instance phase transitions, relatively heat will necessitate to flow to it than the reference to maintain both at the same temperature [1]. 
(Wang and Surappa et.al 1998)  have studied that metal matrix composites (MMCs) are one of the important innovations in the development of advanced materials. Among the various matrix materials available, aluminum and its alloys are widely used in the fabrication of MMCs and have reached the industrial production stage. The emphasis has been given on developing affordable Al-based MMCs with various hard and soft reinforcements (SiC, Al2O3, zircon, graphite, and mica) because of the likely possibilities of these combinations in forming highly desirable composites [2]. 
(Rohatgi et. al. 2001) have studied metal matrix composite (MMCs) offer several advantages over other matrix composites. MMCs being of very high interest for the aerospace industry, particularly to built-up thermal-structural components, it is important to have available methods which are easy and simple to conduct for characterization of the mechanical strength of the material. The principle advantage is that MMCs can be used as much higher temperature. The yield strength and modulus are higher for metals, which account for the higher transverse strength and modulus of metal matrix composites. Therefore, the metal matrix can be strengthened by various thermal and mechanical treatments [3].
(Ibrahim et. al. 1991) have been observed that most of the commercial work on MMCs has focused on aluminium as the matrix metal because of the combination of its light weight, environmental resistance, and useful mechanical properties; that properties also make aluminium well suited for use as a matrix metal and the applications of Al- MMCs include drive shafts, fan blades, and shrouds, springs, bumpers, interior panels, brake shoes, clutch plates [4].
 (Ray et. al. 1992) showed that strengthening can effectively improve the creep resistance aluminium based foundry alloys commonly used in the automobile industry. Apart from the more common applications to polymers, glasses and pharmaceuticals, calorimetry has also been applied extensively to the analysis of light metals; especially Al based alloys, but also Ti and Mg based alloys [5]. 
(Charles et. al. 1993)  Calorimetry is an analysis technique that is part of a group of techniques collectively known as thermal analysis methods. In its broadest sense, thermal analysis refers to the measurement of the change in properties of substances (i.e. measure the heat evolution from a sample) under a controlled temperature program [6]. 
(Tao and Delannay et. al. 1998)  have been studied that most commonly used temperature programs are either isothermal hold or heating (scanning) at constant rate in which the sample is subjected to and the measured (output) signal. For light metals for structural applications, DSC is used mostly for analysis of solid-solid reactions, including precipitation, dissolution and re-crystallization, for determining temperatures of incipient melting, and for solidification studies [7]. 
(Nripjit et.al 2006) the reinforced composite samples with different particle sizes of Al2O3 in µm were also fabricated to further investigate the interfacial characteristics. It is observed that the samples with small particle size exhibited clustering. The composites are fabricated by a simple and cost-effective stir casting technique and the results show that composites have higher modulus compared with the unreinforced alloy [8]. 
(Nripjit et.al 2007) the composites exhibit higher peak hardness and accelerated ageing compared with the unreinforced alloy. A 384.1-Al2O3-5% composite shows higher ultimate tensile and compressive strength compared with unreinforced Al Alloy at peak-aged condition. (A384.1)1-x[(SiC)p]x composite containing varying  percentage by weight  of SiC with particle size were fabricated  [9].
(Zhang and Gu et. al.2004)  the parameters that are further influencing the wetting of ceramics by liquid aluminum alloys are the temperature (higher temperature gives a better wet ability), The contact time (wetting is improved by longer contact times), the pressure of the surroundings atmosphere (in vaccum, absorbed gases are removed and ameliorate the wetting behavior) [10].
 (Poole and Charras et .al.2005)  there exists chemical or mechanical means of enhancing the generally poor wetting. They can be classified into four categories, namely (a) reinforcement pretreatment; (b) matrix alloy modifications; (c) reinforcement coating; (d) mechanical means. Taguchi's technique has been used widely in engineering design. The main trust of Taguchi's techniques is the use of parameter design, which is an engineering method for product or process design that focuses on determining the parameter (factor) settings producing the best levels of a quality characteristic (performance measure) with minimum variation. Taguchi designs provide a powerful and efficient method for designing processes that operate consistently and optimally over a variety of conditions. To determine the best design, it requires the use of strategically designed experiment, which exposes the process to various levels of design parameters [11]. 

(Bermudez et. al. 2001)   the strength of these composites is proportional to the percentage volume and fineness of the reinforced particles [12]. 

(Aylor et. al.1998)   these ceramic particulate reinforced Al-alloy composites led to a new generation tailored engineering materials with improved specific properties. The structure of the properties of these composites is controlled by the type and size of the reinforcement and also the nature of bonding [13]. 

(Daoud et. al. 2004)   the contribution of several researchers, some of the techniques for the development of these composites are stir casting, powder metallurgy, spray atomization and co-deposition, plasma spraying and squeeze-casting. The above processes are most important of which, liquid metallurgy technique has been explored much in these days [14].

 (Callister et. al. 1999)   in a composite, the proportions of the matrix and reinforcement are expressed either as the weight fraction (w), which is commonly used in property calculations. From the application point of view, the mechanical properties of the composites are the immense important. The modified rules of mixture proposed by several researchers are effective in predicting upper and lower bound values of the modulus and strength properties of the composites [15].

(Bhanu et. al. 1991)   an optimized combination of surface and bulk mechanical properties may be achieved, if Al-MMCs are processed with a controlled gradient of reinforcing particles and also by adopting a better method of manufacturing. Although there is no clear relation between mechanical properties of the composites, volume fraction, type of reinforcement and surface nature of surface reinforcement, the reduced size of the reinforcement particles is believed to be effective in improving the strength of the composites [16].

 (Thakur et. al. 2001)  the structures and properties of the reinforcements control the mechanical properties of the composites. Increase in elastic modulus and strength of the composites are reasoned to the strong interface the transfers and distributes the load from the matrix to the reinforcement. Further, the improved interface strength and better dispersion of the particles in the matrix can be achieved by preheating the reinforcements [17].

 (Wilson et. al.1996)   the strength of MgO, SiC, Al2O3, TiC and TiB2 particulate reinforced Al-MMCs is found to increase at the cost of reduced ductility, by increasing the volume percentage of ceramic phase and by decreasing the size of the reinforcement in the composite. In case of heat treatable Al-alloys and their composites, the yield strength of composites increase after heat treatment by reducing the cracking tendency and improving the precipitation hardening [18].

 (Gibson et. al. 1985)   the composites, before fabrication process, are heat treated to an under aged condition as the materials can be shaped more easily and after fabrication, these materials are heat treated to the peak aged condition so as to provide improved mechanical properties [19].

 (Deuis et. al. 1996)   among many ceramic materials, SiC, MgO and Al2O3    are widely in use, due to their favorable combination of density, hardness and cost effectiveness. When these reinforcements are combined with Al-MMCs, the resulting material exhibits   significant increase in its elastic modulus, hardness, strength and wear resistance [20]. 

 (Perrin et. al. 1995)  the reinforcement also causes higher hardness, superior elastic modulus, greater dynamic modulus, better damping capacity and less coefficient of expansion of the matrix alloy. The presence of the ceramic particles provides a higher thermal stability, increased abrasion and sliding wear resistance at high temperature and also delays the transition from mild to severe wear [21].

 (Ranganath et. al.2001)   the main concern about Al-MMCs, that's larger the volume fraction and finer the size of the reinforcement, expensive are the MMCs. Hence, there is a need to reduce the cost component by optimizing its volume fraction and minimizing the use of finer particles and enhances the mechanical properties as strength efficiently [22]. 
(Starink et. al. 1999) have studied that thermal analysis refers a collection of techniques that measure the property of a material as a function of temperature. A calorimeter measures the heat into or out of a sample. A differential calorimeter measures the heat of a sample relative to a reference. Differential Scanning Calorimetry (DSC) is most popular thermal analysis technique. DSC measures endothermic and exothermic transitions as a function of temperature. Endothermic process in which heat flows into a sample whereas; exothermic refers heat flows out of the sample. DSC is used to measure:

· Melting temperature.
· Heat of fusion.
· Reaction energy and temperature.
· Glass transition temperature. 
· Phase transition temperature and energy.
· Specific heat or heat capacity. 
2. Experimental Procedures
DSC measures the amount of energy absorbed or released by a sample. The sample is placed in a suitable pan and placed upon a constantan disc on a platform in the DSC cell with a chromel wafer immediately underneath. A chromel-alumel thermocouple under the constantan disc measures the sample temperature. An empty reference pan sits on a symmetric platform with its own underlying chromel wafer and chromel-alumel thermocouple. Heat flow is measured by comparing the difference in temperature across the sample and the reference chromel wafers. Temperature can range from -120°C to 725°C, though an inert atmosphere is required above 600°C. The temperature is measured with a repeatability of ±0.1°C.  Pans of Al, Cu, Au, Pt, and graphite are available and need to be chosen to avoid reactions with samples.  Samples can be encapsulated in aluminium pans using a pan press. There are two pans to be used. In one pan i.e. sample pan, in which (Al alloy or polymeric) form of composite. The other one is the reference pan and leave it empty. Then, the computers turns on the heaters, and notify it to heat the two pans at a specific rate, usually 10 oC per minute  The computer makes absolutely sure that the heating the rate stays exactly the same throughout the experiment. But more importantly, it makes sure that the two separate pans, with their two separate heaters, heat at the same rate as each other by the means that the two pans are different. The Al alloy, Al 384.1 means there is extra material in the sample pan means that it will take more heat to keeps the temperature of the sample pan increasing at the same rate as the reference pan. So the heater underneath the sample pan has to work harder than the heater underneath the reference pan. By measuring immediately how much more heat it has to situate out which is to be measure in a DSC experiment. A Mettler-Toledo DSC model 822°C, used to fallow the thermal behaviour of the samples. The apparatus was equipped with a ceramic sensor FRS5 (heat-flux sensor with 56 thermocouples Au-Au/Pd). The differential scanning calorimeter was previously calibrated using indium and zinc standards for temperature and power calibration. The auto-sampler available on the Mettler-Toledo DSC 822°C was used to automate the experimental procedure. The measuring range was extended to -65°C by a cooling Intra Cooler system (RP- 100MT; Power point 2000 LDT). The word 'differential' emphasizes that measurements involve the determination of the relative behavior of a substance itself and a reference materials [23] as shown in Figure 1.
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Figure 1. Experimental apparatus used as DSC.

Al based alloys, volume fractions of precipitates, the melting temperature of specific phases and the activation energy of reactions can, in most cases, be determine by the DSC technique. For heat flux DSC, the signal drives directly from the difference of temperature between the sample and reference, and the sense of heat flux DSC is similar to a DTA. The heat flux measurement has to be calibrated by performing calibration runs with materials that display a reaction for which the heat evolution is well known. DSCs are reliable instruments that can achieve remarkably high accuracies in measurements of heat evolution, no instrument is perfect and parasitic effects will always occur. The following fundamental rules apply to any DSC measurement the calibrations must be checked at regular intervals according to the required accuracy. This also provides information on any long-term systematic variation of the measuring system. DSCs are reliable instruments that can accomplish remarkably high accuracies in measurements of heat evolution, no instrument is perfect and parasitic effects will always occur. In calorimetry, parasitic effects are often induced by disturbances from outside of the measuring unit causing transients in heat flows within the zones where heat evolution from the sample and reference are measured.

3. Results and Discussions
The Al 384.1 powder has nearly spherical shape particle sizes in µm and the purpose of this experimentation have been performed to enhance in mechanical properties of aluminum metal matrix composites reinforced with different weight percentages at 5%, 10% and 20% of fabricated composite samples by using liquid stir casting technique. The DSC curves of the Mgo-Al powders at different stages showed a exothermal peak at Point A and endothermal peak at point B and the peak will remain decrease to point C which shows there is decrease in temperature in the range of 0 to 500 ᶿC/min.  while released of  heat flow rate at 20 K/min.in the range of -0.2 to 0.2 of Al 384.1 powders. 
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Figure 2 (a), (b), (c), (d).  Shows the heat flow versus temperature on AMMCs 384.1 alloy.

4. Conclusions 

1. This paper presents the world wide increase in metal matrix composite research and development activities with Differential Scanning calorimetry (DSC) has emerged as a powerful experimental technique for determining thermodynamic properties of metal and alloys particularly, Al 384.1 based alloys in which the type, shape and spatial arrangement of the reinforcing phase in metal matrix composites are key parameters in determining their mechanical behavior. 
2. Thermal analysis is used to determine solidification characteristic of metals and alloys in various metallugical processes, which help in producing quality materials and improving age hardening factor of the materials. The DSC instrument is an analytical tool for chemical analysis. It works by measuring the amount of heat added or extracted from a sample, in comparison to a known reference, to produce a 'thermograph' curve. An excess heat taken in or given out, due to a phase transition such as melting or fusion can be immediately detected and utilized to calculate the amount of substance or impurity undergoing the transition. 
3. DSC method of working play an important role and it may be studied under the mode either it can be  isothermal or an differential thermal analysis, the heat flow rate shows various characteristics of metals and alloys which can be calculated in the form of heat transfer. The percentage of MgO based al 384.1 alloys can play an important role while reinforcing particles and the DSC, curves shows the interfacial characteristics in terms of curves variation observed at every point as the particle percentage affects the heat flow rate. 
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