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Low damage processing of titanium gemstone crystal based
on chemical mechanical polishing

Jin Shouping, Tong Hongwei, Zhang Yuhui, Fu Yuegang
(School of Opto-Electronic Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: A systematic study on the low damage processing of titanium gemstone crystal surface was
carried out. The orthogonal experiment was carried out on the CCOS numerical control small grinding
head polishing machine. Different polishing liquids were used to chemically polish the titanium gemstone
to effectively remove the subsurface damage during the fine grinding stage. The experiment proves that
the SiO, silicon solution has good polishing effect as an abrasive, and is suitable as a polishing liquid for
processing titanium gemstone. The four factors of polishing disc type, polishing disc pressure, polishing
disc speed and silica sol dilution concentration and the relationship between surface roughness and surface
rickets of titanium gemstone crystal were studied, and the influence of process parameters on the process
of low-defect processing of titanium gemstone was obtained. Experiments were carried out according to
the optimized process parameters, and a low-defect, high-precision titanium gemstone surface was
obtained. The method of grayscale correlation was employed to optimize polishing parameters. After
optimization, the system was under the condition of the best combination of processing technique. Finally,
a well processed titanium gemstone crystal is obtained, the surface of which possesses a roughness of
0.262 nm and the surface defect rate of the polished crystal is 1.4x107* mm™.
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Tab.1 Orthogonal experimental factors and

horizontal distributions

A B C D
Factors  polishi Rotati Lud
© 1? e Pressure/bar otatng Y OX,
disk speed/r-h™"  concentration
1 Copper disk 0.36 2000 1:1
2 Pitch disk 0.58 2 500 2:1
Polyurethane
3 . 0.80 3 000 4:1
disk
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(1) AT (5 =k w1 TE PV AL T 0.5A0(@632.8nm);
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Tab.2 Scheme and results of the orthogonal

experiment

RARAMBEZATER

Tab.4 Results of orthogonal analysis of surface

Experimental scheme Experimental results

defects

Level A B C D

I 6.2 5 6.2 6.2

I 5.8 6.5 6.6 6

I 7.2 7.2 6 6.6
1/3 2.07 1.53 2.07 2.07

11/3 1.93 1.67 2.2 2

11/3 2.4 2.17 2 2
R 0.47 0.64 0.13 0.13
Optimal parameter A2 B1 (@ D2

No. A B c D RMS/nm Defect _rate
/mm™"
1 1 1 1 1 0.380 1.6x107°
2 1 2 2 2 0.401 2.2x107°
3 1 3 3 3 0.525 2.4x107°
4 2 1 2 3 0.812 1.6x107*
5 2 2 3 1 0.717 1.8x107°
6 2 3 1 2 0.977 2.0x107°
7 3 1 3 2 0.995 1.8x107*
8 3 2 1 3 1.117 2.6x107°
9 3 3 2 1 1.000 2.8x107°

M 2 AT LUE S 7 5 1 0 5L I 45 R R dF
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10 mm™, J¥5 8 Y52 5 1 & 1 M B i B 22,
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Ly SO
33 EXEZWHN

X 2 ZEIRIEAT IEAC 30T, a5 R ANk 3 3R 4 PR,

RIFAHEABEELSNER

Tab.3 Results of orthogonal analysis of surface

roughness
Level A B C D
1 1.831 2.187 2.474 2.097
I 2.506 2.235 2.213 2.373
1T 3.112 2.502 2.237 2.454
1/3 0.610 0.729 0.825 0.699
/3 0.835 0.745 0.738 0.791
111/3 1.037 0.834 0.746 0.818
R 0.427 0.105 0.087 0.119
Optimal parameter Al B1 C2 D1
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A 1 i E 2 s,

M 3 AT LIAE Y, 38 o W 25 43 07 )5 AT DAAS 45
PR 32 % 3% THDRELRS B2 A9 5% ) 320K 6 &R i 4 2R >
Tl V5 5 ok B8 > 1 ) >0 3

B 1 ) DUE il 4% 3k T A 4 Bl R 9% 1
B B /N AR T U SR AR A, BEE R R,
' F5 0 BR 5 A A R THDORLRS BE - oG R R
R T SN W) AN RE R 45 00 A R B Ak A SO
mi AR H B OK EAR S B SR HULARAE T, (15 44
BEZERAR N, MOE RN g | (H 2 R S 1 A
IR, I BN ) s A iR S S EOR R R K,
IR I A0 He g AN g — PR o v, 7E S B ' R R 3R
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Tab.5 Normalized results of the defects

Sequence number RMS/nm Defect rate/mm™

1 0 0

2 0.028 0.5x107

3 0.197 0.75x107°

4 0.586 0

5 0.457 0.17x107

6 0.81 0.33x107

7 0.83 0.17x107

3 1 0.83x107*

9 0.841 1x107*
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5B S WA, — AR 0~1 Z ), SCHR SRR 0,75,
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Tab.6 Grey correlation degree and coefficient of

each factor level

Grey relational coefficient Grey relation

Factor Level degree
RMS Defect

1 0.919 0.7 0.81

A 2 0.554 0.836 0.695
3 0.458 0.573 0.516

1 0.679 0.938 0.809

B 2 0.671 0.63 0.651
3 0.581 0.541 0.561

1 0.637 0.723 0.68

C 2 0.665 0.696 0.681
3 0.629 0.71 0.67

1 0.697 0.748 0.723

D 2 0.04 0.703 0.672
3 0.594 0.658 0.626

Wt 6 AT LB 3R A RI Y £ Y K 8 0%
ER 2 IO 2 < A 4> 0 7 45> 3 (TR 4, B 1E 4 4%
FE % 5 0 i 42 T 00 5 AN R THDMLRS B2 L IR B RIIEOG
Bk FE 7 R 8, DG BE B Y & . B1>B2>B3, KB E )
£ 0.36 bar I, Bk 5 47 Al AR B B K- 808 . IR C
RP#e 0 C2 fe K, PR 9l O 2% 7% 3 % ] 2 500 r/h B
A, HZE D H)AE B B B W S5 D1>D2>D3, B
Mo BEWe B oy 101 W e dd L 285 B I LA B A i S A
LTLAZEHAEG N A MOCE KT 0.36 bar  §% #
2500 r/h K R B 101 I LR M T 455
B AT 50 UEME T2 5 15 3 3% mORLRE B2 O 0.262 nm &
TAE G R R 1.4x107° mm™ (198K 5 A1 f A, 3 1000
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