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Abstract: As an excellent infrared crystal material, zinc selenide crystal is widely used in infrared optical
systems. In order to improve the processing quality and processing efficiency of zinc selenide crystal, a method
combining magnetorheological polishing (MRF) and traditional numerical control polishing (CCOS) technology
was proposed, and the magnetic current of zinc selenide crystal was configured through multiple sets of
orthogonal experiments. Change the polishing liquid, carry out magnetorheological polishing on a zinc selenide
crystal with a diameter of 50 mm, and then perform traditional numerical control polishing on the surface traces
after magnetorheological polishing. The positive pressure is in the range of 0.05-0.1 MPa. Uniform polishing after
30 minites, the surface roughness of the zinc selenide crystal was reduced from 3.832 nm to 1.57 nm, and the
roughness was significantly improved. The method effectively improves the processing efficiency of aspheric zinc
selenide crystals and improves the surface quality after processing, and has important reference value for aspheric
ultra-precision processing of zinc selenide crystals.
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Tab.1 Characteristic and properties of ZnSe

Crystal H,/ Grain  Density/

Material Type structure ~ GPa  size/um g-mm’

ZnSe  Polycrystalline  Cubic  0.9+0.05 4349 5.26
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Tab.2 Composition of MR polishing fluid

Ingredient

Deionized water Carbonyl iron powder (CIPs) Glycerin Rust inhibitor Sodium carbonate Citric acid Auxiliaries polish powder

Volume fraction Other 35% 3%

0.8% 2% 0.6% 0.2% 0.2%

FF R RS OB S D50=3 pum B 5L 8Kk, Bk 2
Tk v Al R R . TR 1 R R IR R B B
(SEM) F A,

SEl 5KV WD16mm  SS20
Sample 23 Sep 2014

1 CIPs By filip IRl
Fig.1 SEM image of CIPs
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Tab.3 Process parameter

Wheel Rotate
diameter/mm  speed/r-min”'

Penetration Magnetic
depth/mm field

Value 160 120 0.8 340 mT

Parameter

TR R FH R P A2 50 mm (Y BB ) £
fm ZnSe AL, S HNHE 1 iR . PRI R
ST, I B 2 WUl O S )8R T Y 1R 25 RMS /N T
15 nm, ¥] 4 3% THOHLRSE o 3.5 nm, [&] 2 24 ZnSe #1
FA)RT) e RS S A 45 SR, vT LAt il ot i R T 475 AT
FETE B 1 Aok o A

Surface map
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2 ZnSe IR HIREE
Fig.2 Initial roughness of ZnSe test piece
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Fig.3 Picture of the experimental process

20220531-3



ISk A2

%94

www.irla.cn % 51 %

HAR GRS EOL SR E5 R ANE% 4 PR
i 4 Y SEE AR T LUE H, 7R ZnSe &
PRBFRLIN 5, A TR RSE RIS B A 6 A X ZnSe 5L

401 ek 25 BR 28R MO S 2 RS B2 B A 5
Wi o P&l 4 2 6 FhAN[R] 5258 i 5 1Y) 25 B o 0k 00 4

R4 FEMSEHAL TR BH LW ER

Tab.4 Experimental results of removal function for different polishing liquid compositions

MR polishing fluid series Abrasive type Removal rate/um-min”' Roughness/nm
1 single crystal diamond/100 nm 5.2 9
2 Alumina/100 nm 1.8 4
3 Alumina/800 nm 3.6 8.5
4 Polycrystalline diamond/100 nm 2.88 10
5 Silicon oxide/100 nm 0.3 1.8
6 Cerium oxide/100 nm 0.36 2.5
3 6
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Fig.4 Experimental results of the removal function
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Fig.6 Roughness of the material after processing with No. 2 magnetor-

heological fluid
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Tab.5 Polishing pad parameters

Material Polyurethane
Color Black
Thickness/mm 0.8+0.1
Shore hardness (C) 8145
Density/g-cm™ 0.5+0.1

Compression ratio (1.6£0.5)%

CCOS Mt S 1o 8 BT F B4 4 ' W8 A4 Ay i 1 4R A Ak
WEW, pH=10, Fh — S fb iE UKL 2 BKOE, B iR
100 nm. FFH 5 G EEC A8, 0 Tk ¥
7 0.05~0.1 MPa Z [8], #4175 ikE i, 2848 30 min
Y5y, 2 HLRE B2 2K 3 T 1.57 nm, 5 56 R A
Pl , HE B RS B2 70 0 I [R] N AR 3 1B B s . K8
i 2 S T RE R AR OGRS, AR T

P 7 et s
Fig.7 Physical drawing of polishing pad

Surface map

+0.044 10

wm

it |0.039 23

[PV 83.322 nm |
[RMS 1.973 nm ]
[Ra 1.570 nm ]
| Size X 0.700 mm |
| Size Y 0.530 mm |

[ 8 CCOS AFHLIE AR AR L

Fig.8 Surface roughness of the material after CCOS fine polishing
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