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ABSTRACT: This work aims to study the processing properties of the monolayer abrasive sol-gel polishing pad, thereby
providing a solution for improving abrasive utilization and reducing the damage of abrasive to gel matrix. The self-made force

measuring device was used to study the interfacial bonding strength between abrasive and matrix. The effects of abrasive size
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and coupling agent on interfacial bonding strength were analyzed, also the effects of abrasive size and matrix thickness on
abrasive adhesion were studied. The monolayer abrasive polishing pad and the conventional multilayer abrasive polishing pad
were conducted to process silicon carbide substrate under the wet and dry polishing conditions respectively, and the material
removal rate, surface roughness and wear condition of polishing pads were analyzed. The results showed that the interfacial
bonding strength of 200/230 mesh diamond abrasive was more than four times than that of 80/100 mesh, and the interfacial
bonding strength of 80/100 mesh diamond abrasive was increased by 75% after adding coupling agent. The structure of gel
matrix was easily destroyed by coarse-grained W40 multilayer abrasives, but not damaged by fine-grained W5 monolayer
abrasives. The coating thickness of gel matrix of monolayer abrasive pad should be less than 0.6 mm. Under the condition of
wet polishing, the processing performance of monolayer abrasive pad was similar to multilayer abrasive pad. The material
removal rate of monolayer abrasive pad was 11.5% higher than that of multilayer abrasive pad under the condition of dry
polishing. Whether in wet or dry polishing conditions, the wear resistance of monolayer abrasive pad was obviously stronger
than that of multilayer abrasive pad. Therefore, the monolayer abrasive sol-gel polishing pad had the same processing properties
as the multilayer abrasive one under wet polishing condition. However, the processing ability and service life of the monolayer
abrasive tool were remarkably better than that of the multilayer abrasive tool under the condition of dry polishing.

KEY WORDS: monolayer abrasive; sol-gel; interfacial bonding strength; polishing pad; silicon carbide; processing performance
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Fig.1 Test device for interfacia bonding strength and schematic diagram of abrasive pull out
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Tab.1 Experimental parameters of interfacial bonding
strength between abrasives and matrix

Abrasive size

1 80/100 mesh N
200/230 mesh one

2 80/100 mesh

Test number Coupling agent
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Tab.2 Preparation process parameter s of monolayer abrasive sol-gel polishing tool

Parameters Nozzle Rotary Slide moving Abrasive Abrasive Thickness of gel

height/mm speed/(rrmin™')  speed/(mm-s™')  concentration/wt.% size coating/mm

Abrasive size 65 120 12 1 W5/W40 0.3
Gel thickness 65 120 12 1 W5 0.2,0.4,0.6
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Tab.3 Processing parameter s of abrasive adhesion analysis
Load/N Speed of tray/(r-min”") Speed of polishing plate/(r-min ") Coolant liquid Time/min
49 60 120 Deionized water 15
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Tab.4 Polishing test parameters

Parameters Conditions
Pressure 19.6 N

Velocity 60, 120 r/min

Coolant Distilled water

Process time 120 min (Wet polishing), 30 min (Dry polishing)
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Fig.3 Detection position of surface roughness of silicon
carbide substrate
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Fig.4 Micro morphology of diamond abrasive (a) before and (b) after pulling out with ultra-fine probe
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Fig.7 Adhesion of diamond abrasives with (a) multilayer and (b) monolayer gel tools
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Fig.9 Abrasive shedding before and after processing of different thickness gel tools
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Fig.10 Processing qualities of monolayer and multilayer abrasive polishing pad under the condition of wet polishing: a) material

removal rate; b) surface roughness
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Fig.11 Surface morphologies of silicon carbide substrates before and after wet polishing: a) before wet polishing; b) after
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Fig.12 Processing qualities of monolayer and multilayer abrasive polishing pad under the condition of dry polishing: a) material

removal rate; b) surface roughness
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Fig.13 Surface morphologies of silicon carbide substrates before and after dry polishing: a) before wet polishing; b) after
machining with single-layer abrasive tool; c) after machining with multi-layer abrasive tools
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Fig.14 Surface topographies of multilayer and monolayer abrasive gel polishing pad after wet and dry polishing: a) multi layer
abrasive tool wet polishing; b) single layer abrasive tool wet polishing; ¢) multi layer abrasive tool dry polishing; d) single layer

abrasive tool dry polishing
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