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In-situ Nano-Powder Mixed Electrical Discharge Machining (NPEDM) represents a revolutionary 
alteration of conventional EDM complemented with nano-scaled powder to effectively enhance 
material removal rate, reduce tool wear, and improve surface quality. This critical review covers the 
advances in NPEDM during the period from 2001 to up to 2025 to pinpoint the effect of various nano-
powder types (e.g. Al₂O₃, SiC, CNTs, hydroxyapatite) and process parameters on the material removal 
rate and functional surface properties. This work differs from earlier reviews by a predictable 
categorization of past studies, identifying deficiencies in our current understanding of powder–
dielectric interactions, and discussing the potential of developing industrial and biomedical 
applications. The challenges in powder agglomeration, control of recast layer and care of standardized 
operating parameters are summarized, while ranges of opportunities in the development of the process, 
such as AI-based optimization of process parameters and application of eco-friendly dielectric fluid, 
are explored. This study synthesizes two decades of research and offers a holistic view of NPEDM as a 
sustainable high precision machining technology with significant relevance towards industry.  
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1. INTRODUCTION 
 

now an important technology for 
aerospace, automotive, tool and die manufacturing and bioscience applications [1-3]. However, EDM 
has intrinsic limitations caused by disadvantages such as low MRR, high tool wear and poor surface 
properties (micro-cracks, recast layer) [4-6]. As a remedy, Powder-Mixed EDM (PMEDM) was 
developed, wherein micro- or nano-powders are suspended in the dielectric fluid to ameliorate 
discharge behaviour and allow for process stabilization [7,8]. The presence of nano-powders in the 
work fluid, referred to as Nano-Powder Mixed EDM (NPEDM), has been very attractive in recent 
decades. NPEDM utilizes the special to develop discharge stability and 

2. FUNDAMENTALS OF EDM AND NPEDM 
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The conductive powder particles are incorporated into dielectric fluid [Fig. Discouraging insulation by 
passing easy current between electrodes [2, 47-50], increasing inter-electrode space. Therefore, this 
PMEDM is another kind of hybrid material especially removal process [51]. Die steel as an industrial 
material has taken a prominent role, thus, in experimental work, copper electrode over die steel was 
used, EDM oil used as dielectric medium [52]. High number of parameters dictate its efficacious 
reactions in PMEDM as a result of its physiological complexity [53]. Abstract This studyeither 
possible to maximize the material The purpose of this studymaximal material removal rate minimal 
tool wear rate (TWR) with the minimum surface roughness (SR) of Die Steels using PMEDM
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3. INFLUENCE OF NANO-POWDERS ON MACHINING PERFORMANCE 
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4. PROCESS PARAMETERS AND OPTIMIZATION STRATEGIES OF THE (PMEDM) 
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5. EVALUATION OF PMEDM PERFORMANCE 

6. APPLICATIONS OF PMEDM 
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7. CHALLENGES AND RESEARCH GAPS 

 

 

 

 

 

 

 

8. FUTURE RESEARCH DIRECTIONS 
 
Promising directions include AI-driven parameter optimization, eco-friendly dielectric development, 
and multi-functional coatings for biomedical use. The most important to study are [91-94]  
• Study of the effects of nanopowder shapes on the quality of the resulting surface in terms of metal 
removal rate, electrode tool wear, and white layer thickness. 
• Study the effect of adding surfactants to the dielectric fluid on the surface resulting from PMEDM. 
• Study and comparison of dielectric fluids that is less harmful to the environment and the resulting 
surface. 
• Comparing the best methods for mixing powders with dielectric fluid and the results of the mixing 
method on the microstructure of the surface. 
• Integrating artificial intelligence with (PMEDM) to improve machining processes. 

9. CONCLUSIONS 
 
Nano-Powder Mixed EDM ( substantial promise as a 

powders into dielectric fluids, 
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improvements in machining 

challenges—including particle 
control, and absence of 

adoption. Future research optimization strategies, 
intelligence to establish NPEDM 

technology for both industrial This review has provided a 
of the latest developments in this field, focusing on
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