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A Study on the Lubrication Properties of PUR/CuSn Compogite

Materials

Joo-Young Park

Department of control and mechanical Engineering
Graduate School
Pukyong National University

Abstract

Hydrodynamic lubrication is useful to reduce frictional resistance by
charging a lubricant between the surfaces of the solids where relative
motion 1S being made. Types-of solid plastics that are industrially
used as the solids are PTEFE, FRP, PUR and etc. Among them the
PUR has very strong intermolecular bonds and has great mechanical
features such as high wear resistance, high hardness controlling capacity for
the large parts, high elasticity modulus and impact resistance. It also has
elasticity as well as strengh like plastic and ceramic. Also, its
energy consumption for. manufacturing 1is low and it can be made
with low cost. All these merits ‘make it replace the metallic materials
to the PUR and are increasingly being used more than before.

However, it 1s prone to be easily corroded by alkali and acid. Also,
its’ heat-resisting property is weak. Due to these shortcomings, it is
used only for the low-speed tires, conveyor belts, -electrical
components and bearings. As such, a new complex material that
would replace this material should have higher heat-resisting property

and less friction properties.



In this regard, CuSn 1is great for its heat-resistance,corrosion
resistance and wear resistance properties as additives. Despite its high
price, CuSn is used as an additive reinforcing agent to the PUR for
the bearing,bushing, cylinder and valve .

Therefore the lipuid polidiol mixed with CuSn powder should be
agitated homogeneously and then will be hardened to solid PUR/CuSn
when mixed with MOCA additive.

This hardened PUR/CuSn can reduce the coefficient of friction,
disperse kinetic energy of lubricative fluid, make the thickness of a
boundary layer thinner, and also reduce frictional resistance of the
surface of an object. Therefore, CuSn can be very useful as an
additive to increase the efficiency of lubrication.

In consideration of these efficiencies of the PUR/CuSn, it was found
to be very useful to .increase the lubricating efficiency and other
mechanical properties. By using many specimens of the PUR/CuSn,
the researcher studied the relationships «between the mechanical
properties and the Ratio of PUR/CuSn contents by varying the CuSn
Ratio in the PUR/ from 0% to 7.5%. The mechanical properties
include the coefficent of friction, abrasion loss and the hardness of the
material.

In other word, the researcher closely looked into how the structure
analysis,the coefficient “of friction, abrasion loss, and hardness of the
materials were changed by varying the CuSn contents. In short, the
PUR/CuSn with 7.5% contents of CuSn was found to have the
highest mechanical merits in my study.

Furthemore, the more useful PUR/CuSn materials that could replace
metallic materials as a lubricative material should be found by

experimenting more case.

- Vi -
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Fig.1 The molecular structure of PUR
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Table

1. The properties of CuSn

wi% Tension test

Sign
Cu Sn n Pb Impurities Mpa |Elongation

BRC1 | 86.0~90.0 7.0~9.0 3.0~5.0 1.0 1.0 2.5 20
BRC2 | 86.5~89.5 | 9.0~11.0 1.0~3.0 15
BRC3 | 81.0~87.0 4.0~6.0 40/ 0 3,07~6:0 2.0 2.0
BRC4 | 86.0~90.0 5.0~7.0 3.0~5.0 |1.0~3.0 i 2.2 18
BRC5 | 79.0~83.0 2.0~4.0 8.0~12.0 |3.0~7.0 2.0 1.7 15




2.3 A=ld MOCA
MOCA(4,4'-methylenebis(2—chloroaniline)= Z2|<al& M=

k=
=
Eh EtdA o JtuMz g2 AEELN e MOCA= A =40l

20|

OIEY| Qs T2 Al2E= &AM 5t 2R oot Zaz|
A

2

=2 =22 = /=0 /A7 2ol HX[Zot ALZo| HgHE

H,N NH

Fig.2 The molecular structure of MOCA
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Fig.3 Schematic diagram. of the compression system

1
2

) Power supply
)
3) Jack
)
)

Digital controller

4) Circular cylinder dies
5) Pressure gauge



(a) Power supply (b) Digital controller

(d) Circular cyIin;dAé? dies

(e) Pressure gauge

Photo 1. Photos of the equipmemt
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Photo 2. Compressor of the PUR/CuSn Composites
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(a) MOCA powders . (b)-MOCA liquids(1257C)

"
-
ra

(c) CuSn powder in the bottle (d) CuSn Powders

Photo 3. Photos of MOCA and CuSn Powders
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Table 2. Mixing ratios of PUR, MOCA and CuSn in experimental specimens

Specimens PUR(wt%) MOCA (Wt%) CuSn(wt%)
a 69.50 30.50 0.0
b 68.25 29.25 2.5
c 67.00 28.00 5.0
d 65.75 26.75 7.5

AlHe| M= dHlg2 A2 EzZ[23 dstA el MOCA HIgs
69.5% (Wt %)2t 30.5%(Wt %)2| H|g=2 st Z=tM el CuSna
0.0wt%. 2.5wt%, 5.0wt%, 7.5wt% HiS=2 2tZ2t HJ} ZEH510{ A|

HE M= 5t¥ 2 tdE AlEE2 Photo 40f LtE} LHRACH.
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(a) CuSn 0.0 wt%

-'--

"~ (d) CuSn 7.5 wt%

Photo 4. Photos of the specimens of the PUR/CuSn

composites
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3.3 AAHZAK|
i 5
G B (o] |
5 TT H
\o from pump 6) ‘
9 - . 4
\V i | / |
<5 1] ] [
[ 1 14
= = —— 70: 0
10@3 10
1
13 \ Ve
= 12 X11
'®: 0 Aﬂ::\:3 p

Fig.4 Diagram of the pin on the disk wear apparatus

Drive motor
Shaft

Disc
Pin—specimen
Specimen holder
Counter load

Oil pump

Load level
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9) Load
10) Oil tank

11) Temperature sensor
12) Heater

13) Control box (for heater)
14) Speed control volume
15) Valve
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Photo 5. Photos of the pin on the disk wear apparatus
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(c) CuSn 5.0wt% (d) CuSn 7.5wi%
Photo 6. SEM photosﬁ.:-_of section before gri_n_d_jng PUR/CuSn

composite Y 2 wan 79
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Table 3. Relationship between friction coefficients
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and various

applied load
CuSn wt% 30N 40N 50N
a 0 % 0.0204 0.0216 0.0224
b 2.5 % 0.0202 0.0210 0.0220
c 50 % 0.0197 0.0200 0.0209
d 75 % 0.0194 0.0197 0.0204
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—— CuSn 0.0% : : : :
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Fig.7 Relationship between friction coefficients and various

applied loads

_25_



0.023 ; ! :

—¥— CuSn 0.0%
: : : E CuSn 2.5%
00235 feserrmn. avosrma o Fere .................... fo —HE—CuSn50% [ =
: : : i | —F—cusn75%

oozl .................... .................... ................... ..................
D.0215

& il T PO ................... ............ N .................. .................... ..................

Friction coefficient

0.0205

0.02

0.0195

0019 i i i i i
05 1 15 > 25 3 as

Sliding Velocity [m/fs]

Fig.8 Relationships between friction coefficients and velocities

Fig.82 0ll1d &£xeo Z7to| me oi&EAs EHE st &
HE 1m/s, 2m/s, 3m/sE 22 H3EIA[7{ ZHSIP D SIS0l wf
2 H3}E Fig.8o|l Jai=Z 2 LIERfACHA|HEH(a)T= PURS &<
DREA = BatEo| 74 3A LIEHRt 28| o= (b) CuSn 2.5wt%,
(c) CuSn 5.0wt% % (d) CuSn 7.5wt% ®ItEl A|lHECE MEHA

sto| W] m2eol ZHez moiEn £EIt SItESE opEAH ST

|_ =T = =

_26_



daste AS =elstigi=n ol mHoEHo| A 455t 12
20| =7| w20 SEOpE0| sk OpZ9fo| 40 ZEOLRE

0023 | ! _ : ! | : !
=¥ CuSn 0.0%
o CuSn25% | : : : : : : :
00225k - —H—CuSn50% | & A S, ............ .......... " ZRT il

——CuSn7.5%

Al DR ............ ............ ............ ......... ............ ............ Horp s o
00215k ........... .......... ........... ............ AE ............ .......... o

0.021

Friction coefficient

0.0205

0.02

0.0195

A i L i i i ; i i i
5 10 15 20 25 30 35 40 45 50 55

Sliding Temperature [°C]

Fig.9 Relationship between friction coefficient and temperatures

_27_



b

Fig.9= DA S-S
=2

?lstf 2=E 242t 10T, 30C, 50C 2
A7 AEstol Zuigt 0

i

Jef =2 HERRICE 10T =ZHolM (a) &
=257t dsegsE o

gl o ) CuSn 5.
7.5wt%= (b) CuSn 2.5wt%ECt O w2 OpatAH
0C =ZollM (c) CuSn 5.0wt%7t (d) CuSn 7.5wt%ECh OFEAS}

als

I

02

SHA| opEA ST}
wt%, (d) CuSn

LIEff A 20 5

o

T

EItstRACt ol ZdEs LiEtl=s A2 271 7t S PURO|
DiEeh mf ZF2|allEtel Holl ofet dMo] AN Ldiid s do
M PUR dd=Xst Z&o| niae Sotoll 2 &= = Aol2f
M2Ztzio ESF CuSnel HEEcCtT PUR =Zl0| ofz2o| 2 ¥sks

_28_



AN WAL LPEs | AL AN
T =
Phlu.

(b) CuSn 2.5wt%

g
Wi Py BB =Y 180
FERCAY o e
Ay

=rry Ilﬂ‘ Bet il A WD O s # .r
(d) CuSn 7.5wt%
sections after grinding

.

(c) CuSn 5.0wt%
Photo 7. SEM of PUR/CuSn composite
1.0m/s9|

I 1
2 S| M7

(a) =
0{ CuSn&E7I& 2.5wt%
— 29 —

£ =2

Hgl_o;' JZI% A|-II_|O|L_'|'.
Mg LIEIL D Qo
271 =715



7J|22o 2 ol2 & E0] EHUE AW &eld
30| EX st (d) CuSn 7.5wt%0 A

7|=0] 20X A =U2n O|R2=Z o|Fo0

_30_



4.5 AEAH

83

81

79

77

75

Hardness [Hs]

73

71

69
0% 2.5% 5% 7.5%

Fig 10. Brinell hardness of tested specimens
Fig.10 9 Oefi=+= &2 50Mpa, =& 115CoAM Zz|C| 29
Cusng #ap2 21 Zahsl MOCAS MAH|S2 Ao| H3isof
sgld AZA(TECLOCK At GS-702N)o|l 7H2tst

S 10N E 4L E 5 Zd2x70AM -0 o EX5t0] L}
< =
— =

gtolstict, aB{Lt CuSn 5.0wt% S XSt 23 79p7t
E H¥ 20 CuSn 7.5wit% T 81p7F 5™ =

AeE Sol 22|d 25 e AlH CuSn 7.5wt%= 7|

AR AlH CuSn Owt%ECH 19%LE =2 dE4 452 20

=
— o
F1 Qoo 0| O|F= CuSn 2 &F2H2.5~5.0Wt%)=Zl0| of 2

_31_



Hot Adxgtol AH Srtet Aoz d2iEo] of &

s &M =Z2 ARESH [ o

oz MzZtEch

_32_



5. 84 &

PUROll CuSng ZtZt0wt%, 2.5wt%, 5.0wt%, 7.5wt% & 75t
of M= AlHZ MESIU2n HzZEE A|HEZ 083510 DHEA[H
ME SHE2 30N, 40ND 50NS = AASI9 T 287 22+ 1
0C, 30C% 50C=E 2ZAlds AAlsilen, ojnd £k
2m/s3t 3m/s2 HSIA7{ DIEAIE S AMAlSIQUCH 2|0 O AlgHS

=
o|3sto] Ee|d ZE& FE5¥en, 1O 22 tf32 ZE2 EUch

JlzExo| E7t2 &0l 7|0t Aoz EChEC

2) 2X7t E7te== CuSn &20| BE AlEHO| oA I 37t
St= A& =felstl il 0l= PURO| opatet Zz(<aEte Ao
olgt AHMO| HM ~dBYEE L27IM PUR dd =Xt H&t
o| olEe oMol 2 deke Fe A2z =kl =[Art

oz AetMel S/ A CuSn o HIIHS EHEl 222 M

PURS| =42 HatAd == A= A7 Al =ojof & A

_33_



ok, "“PTFE-Z2Z[0[0|= S Z

of ojam} oj2ol ot
AEd|ef 2o He F&sts|X|, Vol. 12, No. 3, pp. 55~62(1996)
2) 28,

Ao “MI7HHofl oet PTFE =2y

& Zo| olElolr EMo| zkst ¢
3= SEME Bex,

— — -

pp.11-18(2000.8)
3) R. Frake, D. Lehmann and K. Kunze, "

Tribological behaviour of new
chemically bonded PTFE Polyamide compounds

", Wear, Vol. 262, No. 3

~4, pp. 242~252(2007)

4) N. T. Quang, "Tribological Behavior of Cu Nano-Particles Impregnated
PTFE", dtistw stel==(2009)

5, das, o|sdat ZIENH, "PTFE ZEQ| Tribology-EA", eH=7|H7}t
=& pp. 367-372(2008)
7) J. Y. Lee, D/ S. Lim, 'Tribological behavior of  PTFE" fiim with

, Surface & coatings technology, Vol. 188~189, No. -,
pp. 534~538(2004)

8) J. Khedkar, |

nanodiamond"

. Negulescu, E. |. Meletis, "Sliding wear behavior of PTFE

., Wear, Vol. 252, No.“5~6, pp. 361~369(2002)
9) Y. Tanabe and E. Yasuda; "Science and Application of New Carbon",

The Cent. mem. Iss. of The Ceram. Soc. Jap., Vol
1069(1991)

composites”

. 99, No. 10, pp.
10) ZE8, A “=28IAR

Vol. 21, No. 4, p 171~176(2005)

1) XEe, ol&=, ofef+ "Mz nfE7|FE 0|83 B&Sdol 2tet A7
H=oistn SH2l==(1986)
12) d=s, dAIg, T84 "ol HoFdE P

_34_



—
L

2
4

=

N

o 0
El

fol

- 35 -



	1. 서론
	2. 실험 재료의 물성
	2.1. PUR의 물성
	2.2. CuSn의 물성
	2.3 경화제(MOCA)

	3. 실험 및 방법
	3.1 시편 성형 장치
	3.2 시편 성형
	3.3 실험 장치
	3.4 실험 방법

	4. 실험 결과 및 고찰
	4.1 조직 분석
	4.2 마모량 시험
	4.3 마찰계수 시험
	4.4 마모면 분석
	4.5 경도 시험

	5. 결론
	참고문헌


