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Removal Mechanism of Lapping Magnesia Alumina Spinel Using Fixed Abrasive
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Abstract: The effective separation of mechanical removal and chemical removal during lapping is the
foundation to realize controllable lapping process and improving the surface quality . The mechanical and
chemical functions during the material removal of different lapping slurries were separated and calculated
by measuring the material removals during different mediums when fixed abrasive pad worked on spinel.
Micro hardness of work piece surface during different lapping slurries were measured by nanoindentation

and the thickness of soft layers were analyzed. The research results indicate that there is some chemical
corrosion with slurries in lapping spinel which could remove some material; the material removals in
lapping spinel with different slurries are mainly brittle removal; the soft layers are formed by corrosion of
lapping slurries; the soft layers producted by ethylene glycol are the thickest and that producted by
triethanolamine are the thinnest.
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Table 1 Components of different lapping fluid
Sample lapping fluid
0 DI( )
1 DI +0. 1% Ethylenendiamine( +0.1% )
2 DI +0. 2% Ethylenendiamine( +0.2% )
3 DI + 3% Triethanolmine( +3% )
4 DI + 3% Glycol( +3% )
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Table 2 The MRR and Ra of lapping and chemical corrosion
Sample MRR,/nm * min ~' MRR/nm * min ™! MRR,;/nm * min ™' Ra/nm
0 59.09° - - 79.4
1 91.3 0.17 32.04 84.3
2 53.7 0.19 5.58 63.8
3 180.2 0.13 120.98 95.5
4 92.98 0.14 33.75 72.5
* MRR,,
2 1 o
1( a) 1('b)
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Fig. 1  Surface morphology of sample before and after immersion in 2 fluid ( a) before immersion; ( b) after immersion
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Table 3 Nanoindentation experiment results
Sample Average hardness/Hv Average pressing depth/nm
Original 2216 172
2 1876 176
3 1904 176
4 1848 177
~~~~~~ No soaked spinel (@ 1 No soaked spinel (b)
Soaked in ethylenediamin solution 0.8 2 Soaked in ethylenediamin solution
12 Soaked in triethanolamine solution 3 Soaked in triethanolamine solution
----- Soaked in eglycol solution 06 4 Soaked in eglycol solution
Z
s z
e E: 0.4 1
2 34
s 02 / /
% 200 0% "84 88 92 9
Pd/nm
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W46  FAP 59.09 nm/min(  2)
Ra  79.4 nm,
( 3). 1 W4-6FAP
o Workpiece matrix layer
Soft layer
Lappmg.ud Fixed abrasive
Pad matrix layer ®,
3 4
Fig.3  Surface morphology of pure mechanical removal Fig.4 Material removal mechanism of fix abrasive
2 180. 32 nm/min
0.2% 0.1% FAP
4 . FAP
" (3) ~(6)
o 0.2% 0.1% -
2Cu +0,2Cu0 (3)
2Cu0 + H,0 + CO,—Cu,( OH) ,CO, (4)
EN +H,0<EN * H,0 (5)
(6)

2EN « H,0 + Cu,( OH) ,CO,—2Cu( En) >* +20H" +CO~ +2H,0

Fig.5 Surface morphologies of sample processed using different lapping fluids
(a) 1 lapping fluid; ( b) 2 lapping fluid; ( ¢) 3 lapping fluid; ( d) 4 lapping fluid
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Table 4 Ratio of each factor to material removal
Sample MRR ./ % MRR ;| % MRR,; /%
1 0.2 64.7 35.1
2 0.3 110 -10.3
3 0.1 32.8 67.1
4 0.2 63.5 36.3

6
Fig. 6  Surfaces morphologies of polishing pad actted using different lapping fluids

(a) using 1 lapping fluid; ( b) using 2 lapping fluid; ( ¢) using 3 lapping fluid; ( d) using 4 lapping fluid
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