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ABSTRACT

The Engineering ceramics have some excellent properties as materials for modern mechanical and electrical 
components. It is, however, not easy to polish them efficiently because they are strong and hard. This study is 
carried out to obtain a mirror surface on engineering ceramics by surperfinishing with high efficiency. To 
achieve this, we conducted a series of polishing experiments using representative engineering ceramics, such as 
Al2O3, SiC, Si3N4 and ZrO2, using diamond abrasive film from the perspective of oscillations peed, the rotational 
speed of the workpiece, contact roller hardness, contact pressure and feed rate. Furthermore, the polishing 
efficiency and characteristics for engineering ceramics are discussed on the basis of optimal polishing time and 
surface roughness. Our results confirmed that efficient superfinishing conditions and polishing characteristics o f 
engineering ceramics can be determined.                     
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1. Introduction
Engineering ceramics have excellent characteristics, 

such as high hardness, wear resistance and a typically 

insulating nature, and are suited for a wide variety of 
functions. They are often used for high-temperature parts 
because of their ability to maintain strength and stiffness 
at high-temperature. In particular, they are chosen as mate-
rials for ball bearings and automated machine parts because 
of their outstanding wear resistance. In the field of pre-
cision parts, it is important to select the proper polishing 
conditions and to use a polishing system that can improve 
surface roughness to satisfy various conditions, such as 
airtightness, and to limit the damage caused by the friction 
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Density
(g/cm3)

Hardness
(Kg/mm2)

Fracture
Toughness
(Kg/mm2)

Young's 
Modulus
(GPa)

Al2O3 3.9 1800 26 350`

ZrO2 3.8 1250 50 210

SiC 3.5 2700 20 420

Sl3N4 3.5 1500 33 240

Table 1 Mechanical properties of engineering       
       ceramics 

Items Conditions

Oscillation speed (Vo)
100, 400, 700, 1000
(rpm)

Workpiece rotation speed 
(Vw)

100, 400, 700, 1000
(rpm)

Contact pressure (Pa) 1, 2, 3 (kgf/cm2)

Contact roller hardness (Rh) 50, 70, 90 (Hs)

Workpiece
Al2O3, ZrO2 ,SiC  
Si3N4

Kind of film
Diamond Lapping   
Film (DLF)

Kind of abrasive Diamond

Grain size 6, 9, 15 μm

of sliding parts. This is in line with the greatly increasing 
demand for mirror surface finishing and precision 
machining.[1-5] Consequently, polishing systems for ul-
tra-precision machining require a high level of technology 
as well as considerable investment in equipment. In addi-
tion, it is difficult to automate a polishing process due 
to factors that include poor working environments, in-
sufficient technical materials, and non-uniform polishing 
products. Therefore, the polishing process depends heavily 
on the experience of skilled workers. 

 Recently, there have been several research 
studies concerning mirror surface finishing and 
efficient superfinishing using abrasive film based on 
metallic materials like SM45C[6], but there has been 
no case study on the superfinishing of engineering 
ceramics; thus, the need for such a study has 
become conspicuous. The purpose of this work is to 
determine mirror surface finishing conditions and 
efficient and economical superfinishing conditions 
for the superfinishing of engineering ceramics using 
an abrasive film under varying conditions. These 
conditions include the workpiece rotation speed, the 
oscillation speed, the contact pressure of the roller, 
the hardness of the roller, and the type of abrasive 
film.

2. Experimental device and 
experimental method

In this study, experiments were carried out with 
the same products and experimental equipment used 
for a previous study .[7] The Topt and Raf values 
were also selected in the same way. We carried out 
a series of experiments to determine the 
superfinishing conditions for an efficient mirror 
surface using. The materials used for the experiment 
were the most common engineering ceramics, Al2O3, 
ZrO2, SiC and Si3N4. Their mechanical properties 
are shown in Table 1. For the abrasive film, 
Diamond Lapping Film(DLF) was used, and an 

SEM image of the particle size of each abrasive 
film is shown in Fig.1. The surface roughness of 
apolished work piece was measured using a stylus 
type surface roughness measuring in strument 
(Kosaka Laboratory Ltd., Korea). Table 2 gives the 
superfinishing conditions in the experiment.    

 Table 2 Experimental conditions
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Fig. 1 SEM micrographs of abrasive films 

Fig. 2 Behavior of optimal polishing time and 
final surface roughness according to the Vo 
and Vw

Fig. 3 Behavior of optimal polishing time and 
final surface roughness according to the Pa

and Rh

3. Efficient superfinishing conditions
This section reviews the experiment that 

investigates the effects of the most basic abrasion 
conditions, namely the workpiece rotation speed Vw 

and oscillation speed Vo change, on the optimal 
abrasive hours Top tand final surface roughness Raf 

of the engineering ceramics. 
Fig. 2 shows the change of Topt and Raf values 

with increasing Vo and Vw. As shown in the figure, 
Topt and Raf values decreased due to an increase in 
the amount of abrasion per unit of time following 
an increase of Vo. The same phenomena and aspects 
were observed with superfinishing SM45C and 
SUS304 as the metallic materials. On the other 
hand, as Vw increased, Topt and Raf values also 
increased, so it is likely that an increased amount 
of diamond was eliminated from the backing film 
with softer resin, due to the high hardness of the 
engineering ceramics. Therefore, for efficiently 
superfinishing engineering ceramics, the Vo value 
should be increased and the Vw value should be 
decreased.
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Fig. 4 SEM photograph of diamond lapping film

Fig. 5 Behavior of optimal surface 
         roughness according to the 
         polishing time with a change in 
         grain size (Al2O3, ZrO2) 

The contact pressure and contact roller hardness 
are important factors affecting the interference 
surface between the abrasive grain and material for 
abrasion. Fig. 3 shows the change of Topt and Raf 
with increasing Pa and Rh. As the value of Pa and 
Rh increases, Topt and Raf improve. For roller 
hardness, a higher hardness badly affects a material 
with a relatively lower hardness like aluminum[8], 
but it has a positive impact on the abrasion surface 
for a  material with high hardness like engineering 
ceramics because of particle shredding. Fig. 4 shows 
1000 x magnification pictures taken with a scanning 
electron microscope of a film surface by the change 
of contact pressure. As the roller contact pressure 
value increased as in Fig. 4, the interference surface 
between the abrasive grain and material increased, 
which confirmed that the abrasive surface can be 
improved efficiently.

4. Determination of mirror surface 
finishing conditions

Engineering ceramics are generally polished with 
DLF because they are brittle materials that have 
high strength and hardness. DLF30, DLF15, DLF09 
and DLF06 is used for the superfinishing of 
engineering ceramics on the site, and it is 10 times 
more expensive than the polishing film of Al2O3 

and SiC particles. Accordingly, the waste of 
polishing film due to inefficient polishing causes an 

increase in the product cost. Here we describe an 
experiment in the efficient applicable combination of 
polishing films so as to obtain the mirror-like 
surface(Ra0.02μm) of engineering ceramics with the 
above four kinds of polishing film.

In order to determine the combination method of 
the polishing film, we measured the final roughness 
according to the polishing time for the polishing 
film DLF6, DLF9 and DLF15, as shown in Fig. 5, 
Fig. 6.

Generally, as particle size was smaller with a 
lower obtained roughness. We verified that we could 
not obtain a final roughness Ra of less than 0.02 μ
m with the polishing film of DLF9 and DLF15. 
Therefore, we carried out the final polishing with 
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       Kinds

App. Comb 

DLF 
30

DLF 
15

DLF 
09

DLF 
06

DML 01 ○ ○ ○ ○

DML 02 ○ ○ × ○

DML 03 ○ × ○ ○

DML 04 ○ × × ○

Table 3 Determination of polishing film application 
        combinations

Fig. 7 Behavior of surface roughness according to 
      polishing time by DML01 combination 

 Mat.

Com.

Al2O3 ZrO2 Si3N4  SiC
Raf Tt Raf Tt Raf Tt Raf Tt

DML01 0.026 1180 0.013 33 0.018 105 0.048 116
DML02 0.027 1248 0.014 43 0.017 114 0.047 110
DML03 0.027 1068 0.013 32 0.018 108 0.047 130
DML04 0.026 780 0.014 39 0.017 102 0.047 125

                            (Unit : ㎛, sec)

Table 4 Comparison of final surface roughness and 
        total polishing for various polishing film 
        application combinations

Fig. 6 Behavior of optimal surface roughness according
     to the polishing time with a change in grain size
     (Si3N4, SiC)

DLF6. In order to maintain consistency in the 
experiment, the surface to be polished was 
initialized with DLF30. Table 3 shows applicable 
combinations of polishing films of the four kinds. 

Fig. 7 shows the diagram results of experimentally 
obtaining Tt of the applicable combination of DML 01 
for Al2O3 ceramics. As shown in the figure, the roughness 
in initializing the surface to be polished, with DLF30, 
is 0.56μm. At this point, for being polished with DLF15, 
the already measured Topt is 3.8 min.

 Accordingly, with a polishing time of 3.8min, 
DLF9 is substituted, and then it is polished to Topt 
(already measured value 10min), DLF6 is substituted 

again, and then it is polished to Topt, and then the 
process ends. This results in a Tt value of 19.8min. 
Table 4 shows the comparison of final roughness 
Raf and total polishing time Tt for Al2O3, SiC, Si3N4 
and ZrO2 ceramics by this method.

It can be said that the combination of DML04 is the 
recommended applicable combination of polishing films, 
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when we consider Raf, Tt, or time to substitute the polishing 
film, and so forth according to each material, as shown 
in the table.

5. Conclusion
  We conducted an experimental study to 

determine efficient superfinishing conditions and an 
efficient applicable combination of polishing films 
for mirror surface machining from the viewpoint of 
the rotation speed of the workpiece, the oscillation 
speed, the contact pressure of the roller, the 
hardness of the roller, the kind of polishing film, 
etc. for carrying out the super-finishing of 
engineering ceramics using the polishing films in 
this study We came to the following conclusions.

1. For efficient conditions for superfinishing 
engineering ceramics, the oscillation speed (Vo) 
and the contact pressure (Pa) should be 3kgf/cm2, 
the contact roller hardness (Rh) should be 90Hs, 
and the workpiece rotation speed (Vw) value 
should be decreased for set-out.

2. For the recommended applicable combination of 
polishing films for mirror-like polishing of 
ceramics, it is efficient to polish ceramics with 
only DLF04 to the end if we consider Raf, Tt, or 
time to substitute for the polishing film.
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