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Abstract —Microporous polymer lubricants(MPLs) are solid polymer materials containing micropores which are
filled with liquid lubricants, and which are molded or formed to suit rolling bearings or other machine parts
requiring lubrication. MPLs can be effectively applied to provide long-term, maintenance-free lubrication of a
variety of machine elements without fully replacing of oils and greases. The application of rolling bearings
packed fully with an MPL could reduce or eliminate the problems such as grease deterioration, leakage, under-
lubrication caused by insertion of water or foreign matters under severe operation conditions. This paper discuss
the application of MPLs for lubrication of rolling ball bearings. Two different MPLs were synthesized and the
features of MPLs were tested. Characteristics of the bearings which are packed fully with synthesized MPLs were
investigated using SEM, TG/DSC, extents of oil leakage, OIT, and life time test. After these preliminary tests
twelve MPLs were synthesized and evaluated by measuring extents of oil leakage and OIT values. Then syn-
thesis conditions for the optimum MPL were selected by SSRED(Six Sigma Robust Engineering Design) pro-
gram using extents of oil leakage and OIT values respectively. The optimum MPL by means of OIT value
showed higher performance such as long life time and application at higher temperature of 140°C than previous
temperature of 100°C.
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Table 1. Conditions of oil leakage test
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Table 2. Conditions of polymer lubricant life test

Classification Bearing A Bearing B Test bearing PG6000AAF
Direction of . . 1.5+0.1¢g
centrifugal acceleration Radial Axial Amount of MPLs (100% volume of free space)
Centrifugal acceleration 3,000G 140°C,
Temperature Max. 250°C
Test bearing PG6000AAF ax.
- ] - 3,000 rpm
Ratational speed 0 min™ (static i VU Ipm,
p (static) Rotational speed Max. 10,000 rpm
Applied load 100 kg
o
I
Bearing A | Bearing B 1087 SlAAIA E0TE 3 A7l Tl 8A 7 &
Qb AT THA R FHELAE FA T

) 1|1
U

Fig. 1. Schematic diagram of oil leakage tester.
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Zgv $8A49 OIT(oxidation index time) #L<
PDSC(pressure differential scanning claorimeter, PSC-
TGA SDT2960 TA Co)Al@71& o]&33L ASTM
D54832] Aol $58td AFsIATH4]. OITRe] &
TF sk 9 d3 EAo] fElsitial & 4 UTH4,5].
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10,000 rppmO.E Aol 45077k 9t A5 A7k
o w& Hojzye) LxHAE 2HsI)

Ul 7del H7ke g FEAIEL Table 29 22
Z71004 Mg HE AMgsle] FEAF7 604 A
A8kt

3. 4t ¥ n#

Az Eofn §EAQ] 712H E9& Y
15k Wyt Agdse Table 33 2tk AR 70
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go| 7 x Axrt "@oh. Q7= 10 MPa 1%
o] ¥5d ge Yy, 2584E&L LT (NBR)Y
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o] 9&HA Vet

AzE SEAE wolFed AP F "] 84
Tl 100% Syt el S8Wo1gE AFet
Table 3. Physical properties of polymer lubricants
with HDPE and UHMWPE

Properties Test method Unit HDPE UHMWPE
Specipic JotM D792 gem® 1.1 12
gravity

Hardness KS M6518 HS. 70 70
Tensile oM D638 MPa 14 15
strength

Tensile oM De3s % 13 16
ellongation

Flexural -\ o\ D790 MPa 250 270
modulus
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(a) G
Fig. 2. Photographs of ball bearings packed fully
with polymer lubricants with (a) HDPE and (b)
UHMWPE after life test.

(a) (b)

Fig. 3. SEM images of powders of (a) HDPE (50x),
(b) UTHMWPE (50x).

Fig. 4. SEM images of polymer lubricants with (a)
HDPE (50x), (b) UHMWPE (50x), (c) HDPE (300
x), and (d) UHMWPE (300x).
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UHMWPEE 50 um A=) 97 2718 vehhgic.
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(a) (b)
Fig. 5. SEM images of polymer lubricants with (a)

HDPE (1,000x) and (b) UHMWPE (10,000x) after
life test.
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Fig. 6. TG/DSC analysis curves of (a) polymer
powders, (b) polymer lubricants.
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Fig. 7. Result of oil leakage test.
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