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Abstract: Magnetic Compound Fluid (MCF) polishing is an efficient precision polishing technology.
However, the MCF slurry experiences performance degradation during prolonged use. This study investi-
gated the effects of component loss on the polishing performance of MCF slurry and explored the feasibility
of restoring its performance through the addition of supplementary solutions to extend its service life. First-
ly, polishing experiments were conducted on polymethyl methacrylate (PMMA) using MCF slurry.
Changes in the MCF morphologies before and after polishing were observed, and the surface roughness,
material removal rate, temperature, and normal force were measured to analyze the performance variations
over time. Additionally, supplementary abrasive particle and «-cellulose solutions were added every 10
minutes to evaluate their effectiveness in restoring the performance of MCF and extending its service life.
Finally, long-term polishing experiments were conducted to assess the service life of the MCF slurry under
the influence of the supplementary solutions. The results indicate that after 60 minutes of continuous pol-
ishing, the MCF slurry morphology changed from uniform magnetic clusters to fragmented clusters. The
surface roughness reduction rate decreased from 97.06% to 65.97% , showing significant performance
degradation. By adding abrasive particle and «-cellulose solutions, the normal force was stabilized at 6. 4
N and 7. 3 N, respectively, with the surface roughness reduction rate maintained above 85%. Further in-
vestigations demonstrated that adding 0. 1 mL of supplementary solution every 10 minutes extended the
service life of the MCF slurry from 60 minutes to 180 minutes, while maintaining the surface roughness be-
low 0. 05 pm and the material removal rate above 1. 80 X 10° pm?®/min. During the polishing process, the
MCEF slurry undergoes the loss of water, abrasive particles, and a-cellulose, leading to a decline in polish-
ing performance. By quantitatively replenishing these key components, the polishing performance of the
MCF slurry can be effectively restored, ensuring improved polishing stability and significantly extending
its service life.
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Fig.2 Polishing device of MCF polishing process
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Tab.1 Experimental parameters

Parameters Value
Workpiece PMMA: L 70 mmX W 70 mm X T 1 mm
Magnet NdFeB N52:® 20 mm X4 10 mm, B=0.5T
Magnet eccentricity/r 4 mm
Magnet rotational speed/n,, 600 r/m
Polishing head rotational speed/n, 500 r/m
Volume of MCF slurry supplied/V 1mL
Working gap/A 1 mm
Polishing time/¢ 10 min

&2 MCF#XBR S
Tab.2 Component of MCF slurry

Water-based magnetic ~ Carbonyl iron powder

. Abrasive grain (ALO;) a-cellulose
fluid (MF) (CIP)
Mean diameter 10 nm 7 pm 1 pm
Concentration 45 wt. % 40 we. % 12 wt. % 3wt %

WA 3 s, N 98 MCF #il 5% W i i H 45 ¢ T ORLARE J32 00 328 A% (ST-410, = F K5 % &HUA R
iy KA PE RE L (5 3R 2 80T 4 O N A ) IR SR A TR O A 2 TR RS B R %
Xf 6 4~ PMMA T £ 43 5 il 5t Ar=10 min, fifi T %6 G
MCF il 36 A 3 45 22 9 5% 60 min, I3 4 fih & fidi ] Tl AHHL (HD 205, 3357 430 WL 82 9 0 &
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