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Electrochemical machining (ECM) has emerged as one of the most promising non-traditional 

machining techniques for processing electrically conductive materials that are difficult to machine 

using conventional methods [1-5]. Owing to its ability to machine complex geometries with high 

dimensional accuracy, excellent surface integrity, ECM operates without direct contact between the 

tool and the workpiece, thereby eliminating mechanical stresses and thermal damage [6-10]. These 

distinctive characteristics make ECM particularly suitable for machining advanced materials, including 

aluminum metal matrix composites (AMMCs), The process is based on the principle of anodic 

dissolution, in which material is removed from the workpiece such that the geometry of the tool 

electrode is accurately reproduced on its surface [11-13]. In ECM, both the tool electrode and the 

workpiece are immersed in an electrically conductive electrolyte, typically an aqueous salt solution 

such as sodium chloride (NaCl) or sodium nitrate (NaNO3) [14-17]. A constant potential difference is 

applied between the two electrodes, ensuring that the workpiece acts as the anode (positive electrode) 

[18-20]. This applied voltage initiates a direct current flow through the electrolyte, leading to 

controlled dissolution of the anodic material [21, 22]. At the cathode, the predominant electrochemical 

reaction is the evolution of hydrogen gas [23-25]. ECM systems are primarily utilized in the aerospace 

and aviation industries, particularly for blade profiling applications [1, 2], tool wear is negligible in 

ECM due to the absence of physical contact between the tool electrode and the workpiece [26-30]. 

This non-contact nature enables the efficient machining of complex shapes in a single operation [31-

35]. In addition, ECM is capable of achieving high material removal rates (MRR) at relatively low 

operating voltages compared to other machining processes [36-40].  

 

The low temperatures generated during ECM prevent thermal damage to the workpiece, thereby 

preserving its metallurgical properties [3, 4]. The primary objective of ECM is the controlled and 

precise removal of material from the workpiece [5]. Copper is an effective tool that is extensively 

utilized for achieving smooth finishes on workpieces [6]. Aluminum metal matrix composites 

(AMMCs) are increasingly utilized in aerospace and automotive industries due to their superior 

properties, including low wear rate and high strength-to-weight ratio [7]. In this context, the present 

study investigates the effects of electrolyte concentration (EC), applied voltage (V), and machining 

speed (S) on the material removal rate (MRR) during the ECM process [8]. Several previous studies 

have focused on enhancing the material removal rate and improving surface quality to produce high-

precision components [41-45]. The author in [9] employed ECM to examine the influence of 

machining parameters such as voltage (V), electrolyte concentration (EC), and inter-electrode gap 

(IEG) on the material removal rate (MRR) during the machining of Al–7.5% B₄C metal matrix 

composites fabricated using the stir casting method [46-50]. The process parameters were optimized 

using the Taguchi design method, and analysis of variance (ANOVA) is applied to evaluate the 

statistical significance of each parameter. The results indicated that the MRR increased with higher 

electrolyte concentration and reduced with increased voltage and inter-electrode gap. The optimal 

parameter combination for maximum MRR is reported as an electrolyte concentration of 30 g/L, an 

applied voltage of 18 V, and an inter-electrode gap of 0.2 mm. Here is the academic rephrasing in 

English, with numerical values expressed scientifically rather than explicitly stated [10] utilized 

aluminum alloy (7075) with 5 and 10 wt.% of B4C in two distinct amounts as reinforcement to 

fabricate metal matrix composites. Stir casting is employed to fabricate AMMC specimens. Utilizing 

ECM,A comparative investigation of the machinability of various composites is recommended. The 

machining speed and overcut are considered as the output response. A thermocouple is employed to 

continually monitor the temperature of the sodium nitrate electrolyte, which is heated by an induction 
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heater during the machining process. The findings indicate that machining speed rises with elevated 

electrolyte temperature, resulting in a reduced overcut of Al7075 with a 10% mass fraction of B4C 

composite. [11] concentrated on examining the influence of electrochemical machining (ECM) on the 

dissolving behavior of Ti-48Al-2Cr-2Nb alloy, both in the absence and presence of a magnetic field, 

utilizing morphological observation and other techniques. Electrochemical techniques. The electrolyte 

solution comprised 500 cc of NaNO3 with a mass concentration of 20%. The findings indicate that 

employing a magnetic field during the electrochemical corrosion of titanium alloy enhances the 

velocity of the adsorption reaction and mitigates fluctuations in current density. The results indicate 

that electrochemical machining of the titanium alloy enhances corrosion uniformity through the 

influence of the magnetic field, facilitating the formation of an isotropic microscopic surface. Figure 1 

show electrochemical machining. 

 

The aim of this research is manufacturing the metal matrix composite (Al with4.5% SiC& 4.5%B4C) 

and studying the effect of adding Al2O3 in electrolyte on the material removal rate (MRR), estimating 

the optimum parameters to estimate the material removal rate using the Taguchi method [12]. 

 

 
 

Figure 1 Diagram of electrochemical machining [12]. 

 

Recent advances in nanotechnology have enabled the use of nano-sized particles to enhance machining 

processes. In electrochemical machining, nanoscale additives such as Al2O3 improve electrolyte 

conductivity, mass transport, and surface interactions. These nanotechnology-driven enhancements 

contribute to higher machining efficiency, improved surface quality, and more stable electrochemical 

behavior [13-15].
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