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Wafer Cleaning Equipment for

Chemical Mechanical Polishing System

Product: Corrosion Resistant Ceramic Bearings

�Ô��Corrosion resistance to corrosive solutions

Rotational speed: 100 min�1

Temperature: Room temp.
Lubrication: Fluorine polymer

In the semiconductor multilayer production process, each wafer surface should be treated to maintain evenness. This 
process uses chemical mechanical polishing equipment, and the cleaner attached to the equipment uses Corrosion Resistant 
Ceramic Bearings.

9  
Turbo Molecular Pump Product: Full-Complement Hybrid Ceramic Ball Bearings (with special features)

�Ô��Improved reliability in vacuum environments

Rotational speed: 20 000 to 60 000 min�1

Ambient pressure: 1 Pa
Lubrication: Molybdenum disulfide or silver

Magnetic bearings are used in turbo molecular pumps driven at extremely high speeds. To protect the blades from fracture in 
case of a power failure or magnetic failure, touchdown bearing units are used. As touchdown bearings, Full-Complement 
Hybrid Ceramic Ball Bearings are used to increase the service life of the touchdown bearings under severe hostile conditions.

1  
Polygon Scanner Motor Product: Hybrid Ceramic Bearings

�Ô��Excellent reliability in high speed rotation

Rotational speed: 26 000 min�1 or higher
Lubrication: Grease

Hybrid Ceramic Bearings, which exhibit superior high speed performance, are widely used in high speed polygon scanner 
motors.

2  
Ultrasonic Motor in Magnetic Resonance Imagers Product: Ceramic Bearings

�Ô��Compatible with strong magnetic field environments

Rotational speed: 500 min�1

Temperature: Room temp.
Lubrication: Grease

The motors installed in magnetic resonance imagers (MRI) use magnetism insensitive Ceramic Bearings.

3  
Switched Reluctance Motor Product: Hybrid Ceramic Bearings

�Ô��Excellent reliability in high speed rotation

Rotational speed: 30 000 min�1

Lubrication: Grease

For high speed, high efficiency switched reluctance (SR) motors, which do not use coils or permanent magnets, Hybrid 
Ceramic Bearings are applied.

Linear way bearing
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Motor, Industrial machinery
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Properties of ceramic materials
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Table 1 Mechanical and physical properties of ceramic materials used as bearing materials

Property Unit

�y�y

�y�y

�y�y

�y
�y

�y

�y

�y

Heat resistance

Density

Magnetism

Conductivity

Bond

Linear expansion coefficient

Vickers hardness

Module of longitudinal elasticity

Poisson's ratio

Corrosion resistance

1 250

1 000

750

500

250

0 1.08 2.16 3.24 4.32 5.4 6.48 7.56 8.64

Stress loading cycles,×107

Fig. 3 Rolling fatigue life test conditions and test equipment

Silicon carbide
�¢SiC�£ 

Zirconia
�¢ZrO2�£ 

Silicon carbide
�¢SiC�£ 

Zirconia
�¢ZrO2�£ 

Oil lubrication Water lubrication

Lubricant Spindle oil City water

Ball Bearing steel Ceramic

Load Increased in stages at every 1.08 × 107 cycles

Rotational speed 1 200 min�µ1

in 541c9b4a617on coefficientVickers hardness



CERAMIC BEARINGS

Ceramics Production Processes�,2Table 3 Ratings of ceramic materials as rolling bearing materials

Fig. 5 Ball and roller Bearing Silicon Nitride Manufacturing Process

FeaturesProduction Processes

3 Ceramic materials suitable for rolling bearings 1 Production processes

19 20

Table 3 shows the results of evaluating the ceramic materials in terms of their characteristics and the rolling fatigue strength. Among the ceramic materials tested, 
silicon nitride is the most suitable as rolling bearing material.
JTEKT uses the silicon nitride produced by the hot isostatic pressing (HIP) method as the standard ceramic material for bearings.

With silicon nitride, characteristics such as density and strength can vary greatly depending on the manufacturing method and manufacturing conditions. 
Therefore, it is necessary to strictly control items such as shape, sintering and other processes when manufacturing silicon nitride for ball and roller bearings.
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Ceramic ball Ceramic inner ring

Fig. 6 Flaking on ceramic ball and inner ring

Fig. 7 Rolling fatigue life of Full ceramic bearings and steel bearings

Full Ceramic Bearing
Hybrid Ceramic

Bearing

Dynamic load rating
C r

Comparable to steel
bearings

Comparable to steel
bearings

Comparable to steel
bearings

85% that of steel
bearings

Static load rating
C 0r

Rolling fatigue test conditions

Bearing number Dimensions, mm

NC6206�y

200 0Si200 5 l0.5e.464845 l0.5e.464845 l0d89 1.709 r 63438023 3.464/T1_1 1 Tf
6.378404 33.0873
6.378023 N.464845 l0.5e.464845 l0d05.1 0 9 r 63438023 4.464/T1_1 1 Tf
6.3784_2 753.0873
6.378023 )961 146.952 45.354 13.465 re
f*
Q
BT
/T1_ 0 0 7.087 390.85894648438 004 4
Q
2.0.416 Tf
88m
BX /S1 1 Tf
0 Tc 7.087 0 0 7.6636 15104 4
Q
m
(NC6206)Tj
/C0_1 1 Tf
3.382 0 Td
</T1_1 1 Tf
6.3783_2 798 1 T1907 0 0 131 1 1  scn
/GS1 gs
4847714 146.952 90.709 13.465 re
f*
Q
BT
/T1_2 1 Tf
7.087 0 0 7.087 390.8589 15952 od04 4
Q
2.0.41606

Rotational speed 8 000 min�1�y

Lubrication oil���� ���� AeroShell Turbine Oil 500�y
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The steel bearings here refer to bearings consisting of rings and rolling elements both made 
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Static crushing load

Ceramic balls
(9.525 mm in dia.)

Ceramic balls
(9.525 mm in dia.)

Jig made of
bearing steel

Jig made of
bearing steel

1 2 5 100

Weight  50 kg

Load cell

Load

Dropping

Inner ring

Outer ring

Housing

Shaft

Interference, L10

µm

399

332

Ring's fracture stress
MPa

Table 7 Typical results of dynamic strength test on ceramic bearing shaft fitting

�y

�y �y

Solid shaft

Hollow shaft

31

43

Max. allowable interference
µm

243

204

Max. allowable stress for ring
MPa

�� : Maximum circumferential stress to interference�¢ MPa�£

Pm : Pressure of contact on fitting surface �¢ MPa�£

d , D i : Inner ring bore diameter and outside diameter�¢ mm �£

�Î deff : Effective interference of inner ring �¢ mm �£

d 0 : Bore diameter of hollow shaft �¢ mm �£

E B , �� B : Bearing's modulus of longitudinal elasticity and Poisson's ratio�¢ MPa�£

E S , �� S : Shaft's modulus of longitudinal elasticity and Poisson's ratio�¢ MPa�£

Product Details

4 Fitting of ceramic bearings
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When using ceramic bearings, it should be noted that ceramic materials are 
largely different from steel materials in the coefficient of linear expansion. 
Attention should therefore be paid to fitting stresses and temperature rises.
The following are the results of evaluating the fitting of a Ceramic Bearing on 
a stainless steel shaft.

3 Impact strength of ceramic bearings

To evaluate the impact strength of ceramic bearings, ceramic balls were 
crushed by two methods: by a static load and an impact load. The test results 
are shown in Fig. 10. Fig. 11 shows the testing methods.
This figure shows that the impact strength of the ceramic bearings is almost 
equal to the static load strength, which means the bearings possess sufficient 
impact strength.

Maximum stress produced by fitting
Table 6 shows the results of a static strength test conducted on a ceramic ring 
fitted on a stainless steel shaft. Table 7 shows the results of a dynamic 
strength test (running test) conducted on a ceramic ring fitted on a stainless 
steel shaft.
Based on the results of these tests, JTEKT makes it a rule for the maximum 
stress produced by interference to be no greater than 150 MPa when a 
ceramic inner ring is fitted on a stainless steel shaft.
Consult JTEKT for applications requiring tighter fitting.

Influence of temperature
During operation, bearing temperature exceeds the ambient temperature. 
When a ceramic bearing is operated on a stainless steel shaft or in a stainless 
steel housing, the interference with the shaft increases due to the difference in 
linear expansion coefficient while the interference with the housing decreases.
(When the outer ring is loose-fitted, the clearance increases.)
To determine the class of fit for a ceramic bearing, the maximum temperature 
during operation should be assessed carefully.
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Ceramic Bearing Capacities
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Fig. 16 Comparison of non-magnetic materials in rolling fatigue strengthFig. 15 Comparison in underwater service life of Ceramic Bearings

Fig. 14 Anticorrosive performance of corrosion resistant silicon nitride
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Radial load:
�yCeramic Bearing: 1 470 N
�yCorrosion Resistant Hybrid Ceramic Bearing: 196 N
�yHybrid Ceramic Bearing: 196 N

Bearing No.: 6206 or equivalent 
Rotational speed: 1 500 min�1

Ceramic Bearing

Service life rating
of steel bearings

Table 9 Typical corrosion resistant Ceramic Bearings

Table 8 Corrosion resistance of ceramic materials

�y

�y �y
Corrosion Resistant Hybrid Ceramic Bearing

Ceramic Bearing

Corrosion Resistant Ceramic Bearing

High Corrosion Resistant Ceramic Bearing

In water, alkaline environment and
reactive gas SUS630

Silicon nitride

Corrosion resistant silicon nitride

Silicon carbide

Silicon nitride

Silicon nitride

Corrosion resistant silicon nitride

Silicon carbide

In a slightly acidic environment, alkaline
environment and reactive gas
In a strongly acidic environment, strongly
alkaline environment and reactive gas
In a strongly acidic environment, strongly
alkaline environment and corrosive gas

Bearing Materials
Applications

BallsBearing Rings

Table 10 Non-magnetic bearings and relative permeability

�y

�y �y

Non-magnetic Hybrid Ceramic Bearings

Ceramic Bearing

(Ref.) Beryllium copper

1.01 or lower

1.001 or lower

1.001 or lower

Relative permeability

�y

�y

�Õ�•Fully resistant �Ó�•Almost resistant �Ú�•Slightly susceptible �·�•Susceptible

��

Silicon nitride
(standard)

Si3N4

Corrosion
resistant

silicon nitride
Si3N4

Zirconia
ZrO2

Silicon Carbide
SiC

0.2

0.1

0

80�Æ, 35 �Ë  HCl × 100h 80�Æ, 35 �Ë  KOH × 100h

40

30

20

10

0

80�Æ, 35 �Ë  HCl × 100h 80�Æ, 35 �Ë  KOH × 100h

1

2

3

4

–1

Room temp.

Performance

The corrosive natures of individual solutions differ largely depending on the concentration 
and temperature. Note that mixing two or more chemicals may increase the corrosivity.
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Hydrochloric acid

Nitric acid

Sulfuric acid

Phosphoric acid

Fluorine acid

Sodium hydroxide

Potassium hydroxide

Sodium carbonate

Sodium nitrate

Water and saltwater

Non-magnetic stainless steel

Beryllium copper
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Bearings may be exposed to magnetic fields in some applications, including 
equipment associated with super conductivity, semiconductor production 
facilities and medical examination facililies. If steel bearings are used for such 
applications, the running torque may fluctuate or the magnetic field may be 
disturbed . Non-magnetic bearings should be used for such applications. As a 
non-magnetic material for such bearings, beryllium copper has conventionally 
been used. However the use of beryllium copper should be avoided since it 
contains beryllium, a substance of environmental concern.
For such applications, JTEKT supplies Hybrid Ceramic Bearings, whose rings 
are made of non-magnetic stainless steel and rolling elements are made of a 
ceramic material, or the full ceramic bearings.

2 Non-magnetic performance1 Corrosion resistance 

Table 8 shows the corrosion resistance of ceramic materials. Silicon nitride, 
which is used as the standard material of the ceramic bearings, is excellent in 
corrosion resistance. However, it may develop corrosion in a highly corrosive 
chemical, a high temperature, or other highly corrosive ambient condition.

There are two types of ceramic corrosion: One is the corrosion of the 
alumina-yttria system sintering aid (Al2O3-Y2O3), which is used to bake ceramic 
materials. To avoid this type of corrosion, corrosion resistant silicon nitride 
treated with a spinel sintering aid (MgAl2O4) should be used. Fig. 14 shows the 
mass reduction and bending strength deterioration of corrosion resistant silicon 
nitride dipped in an acid or alkaline solution for a given period of time.
The other type of corrosion is the corrosion of the silicon nitride itself. For use 
in a highly corrosive solution, bearings made of zirconia (ZrO2) or silicon 
carbide (SiC) may be effective. 
To select a ceramic bearing for use in a highly corrosive environment, its 
corrosion resistance to the specific condition should be carefully examined.

When Ceramic Bearings are operated in a solution, the solution serves as a 
lubricant. This means the solution is closely associated with the service life of 
the bearings. Fig. 15 shows the service life evaluation results for three types of 
Ceramic Bearings under water.
The Ceramic Bearings terminate their service life due to the flaking on the 
bearing ring or ball surfaces.
In case of the Hybrid Ceramic Bearings, ceramic balls do not develop flaking or 
wear. Their service life ends due to wear attributed to the minute corrosion of 
stainless steel bearing rings.
When bearings are used in a solution whose lubrication performance is not 

enough, such as in water, it is important to evaluate in advance the susceptibility 
of the bearings to corrosion and the relationship between the bearing load and 
wear in the solution.

SUS440C has a longer service life than SUS630; however, the former steel is not 
suitable for use in water because it may rust and cause contamination.
Ceramic Bearings may develop wear at an early stage of use depending on the 
characteristics of the solution, temperature, and load. Please contact JTEKT 
before using Ceramic Bearings in solutions.

Fig. 16 shows a rolling fatigue strength evaluation result for various 
non-magnetic materials. As can be seen from the figure, non-magnetic stainless 
steel is superior to beryllium copper in rolling fatigue strength.

Service life of corrosion resistant bearings
Table 9 lists the bearings suitable for applications requiring corrosion resistance, along with their major applications.

Ceramic
materialsCorrosive

solutions

StandardCorrosion
resistant

Corrosion Resistant Hybrid 
Ceramic Bearing
(Bearing rings: SUS630)

Hybrid Ceramic Bearing
(Bearing rings: SUS440C)
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Material code: silicon nitride ceramic

Precision grade code

Nominal dimension

Numbering System

Product Introduction

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.866 mg

1.691 mg

2.922 mg

6.766 mg

13.530 mg

22.836 mg

36.262 mg

54.129 mg

72.511 mg

0.105 7 g

0.182 7 g

0.290 1 g

0.356 8 g

0.433 0 g

0.519 4 g

0.616 6 g

0.845 8 g

1.125 7 g

1.461 5 g

1.858 2 g

0.800 00

1.000 00

1.200 00

1.587 50

2.000 00

2.381 25

2.778 12

3.175 00

3.500 00

3.968 75

4.762 50

5.556 25

5.953 12

6.350 00

6.746 88

7.143 75

7.937 50

8.731 25

9.525 00

10.318 75

1/16

3/32

7/64

1/8

5/32

3/16

7/32

15/64

1/4

17/64

9/32

5/16

11/32

3/8

13/32

0.8

1.0

1.2

2.0

3.5

5

3 and 5

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

  2.320 8 g

  2.854 5 g

  3.46 g

  4.2 g

  4.9 g

  5.8 g

  6.8 g

11.7 g

14.9 g

18.6 g

22.8 g

27.7 g

39.5 g

46.4 g

54.1 g

62.7 g

93.5 g

11.112 75

11.906 25

12.700 00

13.493 75

14.287 50

15.081 25

15.875 00

19.050 00

20.637 50

22.225 00

23.812 50

25.400 00

28.575 00

30.162 50

31.750 00

33.337 50

38.100 00

7/16

15/32

1/2

17/32

9/16

19/32

5/8

3/4

13/16

7/8

15/16

40

60

5 and 10

1

1 1/8

1 3/16

1 1/4

1 5/16

1 1/2

Nominal outside
diameter

mm

Precision
grade 1)

Mass 2)

(per piece)
Nominal dimension

mm inch

Nominal outside
diameter

mm

Precision
grade 1)

Mass 2)

(per piece)
Nominal dimension

mm inch
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Ceramic balls
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PHILIPPINE KOYO BEARING CORPORATION
6th Floor, One World Square Building, #10 Upper McKinley
Road, McKinley Town Center Fort Bonifacio, 1634 Taguig City,
PHILIPPINES
TEL : 63-2-856-5046/5047
FAX : 63-2-856-5045

JTEKT KOREA CO., LTD.
Seong-do Bldg 13F, 207, Dosan-Dearo, Gangnam-Gu, Seoul,
KOREA
TEL : 82-2-549-7922
FAX : 82-2-549-7923

JTEKT (CHINA) CO., LTD.
Room.25A2, V-CAPITAL Building, 333 Xianxia Road, Changning
District, Shanghai 200336, CHINA
TEL : 86-21-5178-1000
FAX : 86-21-5178-1008

KOYO AUSTRALIA PTY. LTD.
Unit 2, 8 Hill Road, Homebush Bay, NSW 2127, AUSTRALIA
TEL : 61-2-8719-5300
FAX : 61-2-8719-5333

JTEKT EUROPE BEARINGS B.V.
Markerkant 13-01, 1314 AL Almere, THE NETHERLANDS
TEL : 31-36-5383333
FAX : 31-36-5347212

-Benelux Branch Office-
Energieweg 10a, 2964 LE, Groot-Ammers, THE NETHERLANDS
TEL : 31-184-606800
FAX : 31-184-606857

-Sosnowiec Branch Office-
ul3 Maja14, 41-200 Sosnowiec, POLAND
TEL : 48-32-720-1444
FAX : 48-32-746-7746

KOYO KULLAGER SCANDINAVIA A.B.
Johanneslundsvägen 4, 194 61 Upplands Väsby, SWEDEN
TEL : 46-8-594-212-10
FAX : 46-8-594-212-29

KOYO (U.K.) LIMITED
Whitehall Avenue, Kingston, Milton Keynes MK10 0AX,
UNITED KINGDOM
TEL : 44-1908-289300
FAX : 44-1908-289333

KOYO DEUTSCHLAND GMBH
Bargkoppelweg 4, D-22145 Hamburg, GERMANY
TEL : 49-40-67-9090-0
FAX : 49-40-67-9203-0

KOYO FRANCE S.A.
6 avenue du Marais, BP20189, 95105 Argenteuil, FRANCE
TEL : 33-1-3998-4202
FAX : 33-1-3998-4244/4249

KOYO IBERICA, S.L.
Avda.de la Industria, 52-2 izda 28820 Coslada Madrid, SPAIN
TEL :




