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A magnetic compound fluid (MCF) is developed by mixing a magnetic field (MF) and a magnetorheological
(MR) fluid. An MCF contains not only pum-sized iron particles but also nm-sized magnetite particles whereas
there are no nm-sized magnetite particles within the MR fluid. MCFs exhibit higher magnetic pressure and
apparent viscosity than MFs and a more stable distribution of particles than MR fluids under a magnetic field,
while maintaining a fluid-like behaviour. An MCF slurry is generally composed of carbonyl-iron-particle (CIP),
water based MF, abrasive particles and a-cellulose. In this study, a rotary magnetic field was employed. The
magnetic flux density is constant but the magnetic lines of force constantly revolve around the magnet holder axis.
In this thesis work, polishing with MCF slurry under a rotary magnetic field was extensively studied from the
work life, dynamic behaviours, mechanical characteristics of MCF slurry, the application of MCF polishing in soft
magnetic as well as non-magnetic materials, and material removal behaviours.

Work life of MCF slurry (in the absence of a-cellulose) was studied through the spot polishing tests of
optical glass, namely fused silica (FS) and borosilicate glass (BK7). It is observed that MCF slurry of only a
volume of 1 mL keeps stable material removal rate (MRR) (depth removal rate of ~0.0243 um/min and volume
removal rate of ~0.07 mm*min) and attains smooth surfaces inside spots ~1 nm over a relative long spot
polishing period of 25 min. The removal function is depended on the compositions of MCF slurry and insensitive
to the two glasses.

To clarify the behavious of MCF slurry under a rotary magnetic field, the effects of process parameters



(namely magnet eccentricity r, magnet revolution speed ny, and MCF slurry supplied volume v) on the time T
required for forming the slurry to its final shape, and the dimensions (hamely diameter W and the maximal length
Hmax) Of the final shape were investigated. The normal and shear forces were simultaneously measured and the
effects of process parameters (namely magnet revolution speed n,, MCF slurry carrier rotational speed n. and
working gap A) were studied. It is noted that MCF slurry achieves a clear-cut terminal shape and the shape and
dimensions of its terminal are repeated periodically with the magnet revolution at the same frequency nn,. The
time T decreases with the increases in the magnet eccentricity r (significantly if r < 4.5 mm) and the speed ny,, and
rises up as the supplied slurry volume v increases. Both dimensions changes significantly with the variation in the
magnet eccentricity r, while they are insensitive to the magnet revolution speed n,. The W is maximized and the
Humax is minimized both at r = 4.5 mm, and the H,;x shows only a little increase with the increase in the supplied
MCEF slurry volume v. Therefore, the maximal contribution is made by magnet eccentricity on behaviours of MCF
slurry, followed by MCF slurry supplied volume, whereas minimal contribution is noted by magnet revolution
speed. Both forces are significantly dominated by the working gap, slightly governed by the MCF slurry carrier
rotational speed and insensitive to the magnet revolution speed. More uniform distribution of abrasive particles
and slurry and a better surface finish are obtained under a rotary magnetic field than under a static one.

The rotary magnetic field disperses MCF slurry uniformly during polishing, which favors nano-precision
finishing. However, CIP within the MCF slurry has poor ability against corrosion in a common water based carrier.
Nano-precision polishing of polymethyl methacrylate (PMMA) was performed with a novel zirconia
(ZrOy)-coated CIP based MCF slurry. Polishing performances of this kind of MCF slurry, namely surface
roughness and normal force, were discussed by comparing the ZrO,-coated CIP based MCF/MRF slurry with the
HQ CIP based MCF slurry. In the presence of abrasive particles (Al,O3), ZrO,-coated CIP based MCF slurry does
not perform better than non-coated HQ CIP based one. In the absence of abrasive particles, the ZrO,-coated CIP
based MCF slurry behaves better than the MRF slurry; ZrO,-coated CIP concentration should be less than a
certain value (in the current work, 70 wt.%), otherwise MCF slurry shows bad particle dispersion and is easily
dried, resulting in the loss of its polishing ability.

As an extension of the application for ZrO,-coated CIP based MCF slurry, the single crystal diamond
turning (SCDT) Ni-P plating mold was polished using this kind of MCF slurry in order to eliminate
SCDT-induced tool marks. By contrast, an HQ CIP based MCF slurry was used as well. Spot polishing without
relative motion between the centre of the MCF carrier and workpiece was first carried out using both slurries.
Scanning polishing with the MCF carrier moving along a motion path was then carried out using only the
ZrO,-coated CIP based MCF slurry. Although both slurries removed the SCDT-induced tool marks on the work
surface, the MCF slurry containing relatively large Al,O3 abrasive particles left scratches and frequently caused
CIPs to be embedded in the Ni-P plating surface, which inversely worsened the work surface roughness. In
contrast, the MCF slurry that contains relatively small ZrO, abrasive particles resulted in a work surface roughness
that was slightly improved, without scratches or the embedding of particles. The cross-sectional profile of the
polishing spot manifests a characteristic symmetrical W-shape. The induced scratches display a dot-shape at the
spot centre and the lengths of the scratches increase with the increase in the distance from the spot centre. In
scanning polishing, the W-shaped polishing spot moves along the designed scanning path and the overlap of the
instantaneous W-shaped spots occurs, which significantly improved the flatness of the Ni-P plating layer from 0.2
um to 0.1 um. In addition, almost all of the particles can move relative to the work surface, and the surface
roughness of the Ni-P plating layer was improved without causing scratches or the embedding of particles. The
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preliminary results show that MCF polishing is applicable to the nano-level finishing of soft magnetic materials.

To elucidate the material removal behaviour in MCF polishing, the normal and shear forces generated in the
polishing zone during polishing were measured. From these measurements, the distributions of pressure P and
shear stress ¢ were obtained. The material removal rate (MRR) was investigated through spot polishing of
borosilicate glass. The MRR distribution was obtained and the characteristics of the removal function (hamely the
polishing spot), i.e. the radius R, maximal depth dRRy.x and its position dpax, Volume VRR of the polishing spot,
were also studied. The effects of three process parameters, namely magnet revolution speed, MCF carrier
rotational speed and working gap, on pressure P, shear stress 7 and the MRR were first investigated. The results
revealed that P is higher near the centre of the interacting area, (i.e. the polishing spot centre) and the point of
maximum shear stress z appears at about 5 mm from the polishing spot centre. All of P, zand MRR are sensitive
to MCF carrier rotational speed and working gap but insensitive to magnet revolution speed. Shear stress is more
sensitive to these process parameters than the pressure. Cross-sectional profiles of the polishing spots exhibit a
characteristic symmetric W-shape; material removals are minimal at the spot centre and maximal at approximately
8.2-10.2 mm from the spot centre depending on the process parameters. MRR is proportional to the MCF carrier
rotational speed and is negatively correlated with working gap. An MRR model involving both the pressure and
shear stress in MCF polishing is proposed. In the model, MRR is more dominated by shear stress than by pressure.
Regarding the removal function, the effect of magnet eccentricity was also studied. The radius of the removal
function only shows relative large decrease in the increase in the working gap, a little increase with the magnet
eccentricity increasing from 0 to 4.5 mm, and a little increase when the concentration of a-cellulose increases
from 0 wt.% to 3 wt.%.. The position dmax Where dRRyax 0ccurs becomes largest at working gap A of 1. mm, and is
minimized at magnet eccentricity r of 3 mm and maximized at concentration of a-cellulose of 1.5 wt.% while it
changes little with the variations of other process parameters. Both the depth and volume of the removal function
appears insensitive to magnet revolution speed, linearly increase with the increase in the MCF slurry carrier
rotational speed, linearly decrease as the working gap increases, and is maximized at magnet eccentricity r of 3
mm and maximized at concentration of a-cellulose of 3 wt.%.. In addition, the magnetic field was analysed and
the structure of MCF slurry was examined to explain the characteristics of the removal function. Magnetic clusters
with the MCF slurry are formed along the magnetic lines of force. The thickness of slurry is maximized in a range
during polishing. The removal function is strongly related to the magnetic field distribution and the geometry and
internal structure of the slurry. The maximal material removal occurs at the position where many abrasives are
collected and they possess considerable relative speed to the work surface.
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