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Grinding is a manufacturing process to achieve the desired surface finish on component. Due to 
continuous grinding operations, the grinding efficiency deteriorates as the sharp (cutting) edges 
become blunt [1,2]. Dressing is a sharpening operation designed to generate a surface topography on 
the cutting face of the wheel, hence restoring grinding efficiency. High power laser is being explored 
as a non-contact type dressing technique [3]. A 2.5 kW Hobart continuous wave Nd:YAG laser was 
used for dressing Al2O3 grinding wheel and various laser powers were employed to dress the entire 
surface by scanning the laser beam in parallel tracks at a speed of 50 cm/min. Within the range of 
laser power employed, sample surface underwent a transformation ranging from solid-solid to 
liquid-solid, thus forming a uniform resolidified layer on the surface for the higher laser powers. 
 
Coating the sample with conducting material for Scanning Electron Microscopy (SEM) work would 
introduce artifacts. Hence, to avoid charging, variable pressure (~30 Pa air) was maintained in the 
SEM chamber. The microstructural analysis of the dressed wheel surface showed grain refinement 
(FIG 1a and 1b). Micro cutting edges are produced on the individual grains. Though a wide 
distribution on size of the grains was seen, the shape was more regular (equiaxed) with well-defined 
vertices and edges on each grain (FIG 2). This faceted structure on the particles with well-defined 
vertices and edges can provide cutting edges for improved grinding. Also, the porosity in the region 
near the surface was reduced and dendritic growth was observed on individual particles (FIG 3). In 
the region between the particles, the shape of the grains was cubic (FIG 4) and the interlocking 
between these cubic grains seemed to be the reason for bonding between the individual particles. 
Area analysis by Energy Dispersive Area X-ray Analysis (EDAX) revealed the presence of Al, Cr, 
O, Si, K and Na. However, X-ray diffraction carried on the samples indicated presence of only 
Al2O3 phases. Hence Cr, Si, K, P and Na were present either in solid solution with Al2O3 or in a 
glassy phase, and hence not detected by X-ray diffraction. The upper resolidified layer was 
containing Si, Na, K and P where as the material beneath it was primarily Al, Cr and O. This 
observation in conjunction with microstructural studies suggests that a glass phase (with Al, O, Na, 
K, P and Si) is formed on the surface in the near-ridge regions. Breakage of this glass layer would 
expose new cutting grains with edges and vertex. Modification in the structure in laser treatment of 
the surface of the alumina grinding wheel appears to have great potential.  
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FIG 1b: Laser dressing caused densification, 
and refinement of the grain size on the 
wheel surface. 

FIG 1a: As-received Al2O3 grinding wheel
surface characterized by large pores and
limited bonding among the grains. 
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FIG 4: Interlocking/bonding between adjacent
particles because of step-like grains formed in
between them during laser dressing.  
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FIG 5: Some part of the resolidified layer 
on the surface has refined C-shaped 
grains.  
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FIG 3: Individual particle on the laser 
dressed grinding wheel surface. Dendritic 
growth can be observed in different 
directions on the faces.  

FIG 2: Cutting edges and vertex on individual
particle with multi-faceted surfaces.
Orientation of dendrites is different on each
face.  
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