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A Study on the Mechanical Properties of Sealing
Composites for Ship Machinery

Eun Bong Kim

Department of Control & Mechanical Engineering, Graduate School
Pukyong National University

Abstract

In order to use PIFE/Cu and PUR/CuO composite as the sealing
composites material for ship equipments, this research has been
performed. PTFE/Cu composite is produced by using a supercritical carbon
dioxide and PUR/CuO composite is produced by using ultrasonic waves.

The results obtained from the tests of lubrication, friction, abrasion,

tension and hardness can be summarized as the followings:

1) Optimum impregnation conditions of the PTFE/Cu composite was 120
C 163kg/cm®, impregnated equilibrium time was 50hours and reduced
conditions was 230C and 255kg/cm’.

2) The abrasion resistance of PTFE/Cu composites was improved about 3
times on the condition of 80N, 0.88m/s.

3) Thermal Analysis(TGA) experiments showed that Polyurethane resin
started to be decomposed at 260C and completely carbonized

(Carbonization) around 500C.
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4) The tensile strength of the PUR/CuO composites was generally
increased as the content of curing agent, MOCA, increases. The hardness
of the polyurethane resin was also shown to be significantly increased as
the amount of MOCA increases.

5) CuO has been found to be equally distributed inside of the composite
material when PUR/CuO is prepared by using 10g of MOCA after
adding 2g of additive CuO to the 100g of polyol and applying ultrasonic
wave for 1 minute to disperse.

6) When the addition of CuO increases, tensile strength and hardness
were shown to be increased. In case of tensile strength, the content of
CuO was rapidly increased until the amount of CuO reaches to 2g, but
there was almost no more effect above 2g.

7) As the particle size of CuO increases, the tensile strength and the
hardness were increased.

8) The tensile strength and the hardness showed the highest value when
additives CuO was used and the addition effect of SiO, and CaO were
almost same.

9) As the curing time is increased, the tensile strength was also increased,

but the hardness had almost no changes after 18 hours.
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Table 1. Physical properties of PTFE[33]

Properties PTFE
Structure 4[‘ CEECE 2 4];
Fluorine content (wt%) 76
Critical surface tension (mN/m) 18.0 ~ 185
Permittivity 21
Melting point (C) 327
Refractive index 1.35
Coefficient of friction 0.04

-11 -
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Table 2. Characteristics

of various Fluoropolymer resin[33]

Item PTFE FEP PFA TFE
Specific gravity(-) 214 ~ 22 212 ~ 217 1.7 21~ 22
Melting point(C) 327 253 ~ 282 302 ~ 310 270
Tensile strength(kg/cm’) 280 ~ 350 200 ~ 320 320 455
Elongation(%) 200 ~ 400 250 ~ 350 280 ~ 300 200
Thermal conductivity
(10™ cal/cm-sec-C) 5.9 & ) 5.7
Specific heat(cal/C-g) 0.25 0.28 - 0.46 ~ 047
Dynamic coefficient of friction

) 0.1 0.3 0.2 -
(7kg/cm)
Coefficient of linear expansion
5 B9 5 #910.5 12 9 ~93
(107/C)
Continuous service temp.(C) 260 200 260 150
- 12 -
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Fig. 5. General structure of polyurethane
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23. 53A=E HAVHAY TR/

s

84 - (Glass fiber), ©=(Talc), ®A(Carbon black), ®4Ad-f(Carbon
fiber), 7]1=%4 (Inorganic materials), 54 4F3}=(Metal oxide)s< W 3EZ
o2 AMgEE TAAY HIZde ©®AYUEFE(Carbon nanotube, CNT),
12§98 (Graphene) s &2 E0°] &ekA A5 3L JTH25,26].

A7HE = A = 3tk A 1

a
2 Am B EEAE S 283 4d2 WHIn 53 S3Ae A =

A

<, 271, v, =d2E 3 kLTl Sl T8 WMotk Uit o

7HIEE a7ete AlFE

i
L)
N
N
2
o)
o
[t
=3
o,
<
(@)
Q
=
=3
o
5
8
LS
i
L)
nf
ot
R
il

(Poly Vinyl Chloride, PVC) T2 ¢7H8|d SXAE AHEsHA| &olof Hth
ol9Jol= o7 7[R EBold A& AL Y= EFF THAY A= A

§ol FeJstolo} FArh.
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Table 3. Characteristics and shapes of filler

sphere plate flake fiber
Shape .
\ / 4;_'_{:3;7:9 ———
. - glass bead - Kaolin - Mica - Class ﬁb?r
Filler - Bariumsulfate - Talc - Graphite - Carbon fiber
P - Whiskers
Aspect ratio 1 4~ 30 80 ~ 200 20 ~ 200
A S . Largest
No directionality Small directionality( from fiber) o
directionality

Characteristics

Small surface area

Small aspect ratio

High aspect ratio(from sphere)

lamination

Largest aspect ratio

Collection @ pknu
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Table 4. Characteristics and type of filler

Classification Type
Onid Si, Diatomaceous, Earth, ZnO, TiO, MgO, Fe;O;,
xide
Sb,Os, Non-metallic, Metal oxide
Hydroxide | Ca(OH),, Mg(OH),, Al(OH);, Hydroxode powder
Carbonate | CaCOs, MgCOs;, ZnCOs, BaCOs, Carbonate powder
Sulfate CaSQO,, BaSO,;, Gypsum
Chemical Tl Talc, Wollastonite, Mica, Clay, Kaolin, Bentonite,
ilicate
composition Glass fiber, Glass bead, Silica ballon
Nitrate AIN, SizNa
; Graphite, Carbon fiber, Carbon' ballon, Charcoal
Carbide
powder
Other Metal powder, Potassium titanate, PZT
Organic Teflon powder, Tree powder, Pulp, Rubber
matter powder
Gypsum  fiber, Needle magnesia, Asbestos, Needle
Needle | - i
magnesium -hydroxide, Whisker
Shape Talc, Mica, Kaolin, Rosette graphite, Tabular
Tabular
MgCOs, Tabular Al(OH)s
Other CaCO;, Silica, Clay, Bead(Globula, Granular)
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Table 5. Classification and characteristics of fillers for composite

Filler characteristics

* Good for improving wear resistance property
* Excellent for improving anti-creep property

Carbon ] ) )
* Good for high corrosive environment

* Usually used with graphite

* Property improvement when used with glass fiber and carbon
. * Improvement of anti-friction and wear resistance

Graphite .
* Wear reduction for counter soft metal parts

* Good resistance for corrosive environment

* Improvement for wear resistance

* Improvement for chemical resistance, specially for acids and
Glass oxidants

fiber * Al most no damage for electrical properties

* Erosion by alkalics

* Sometimes can be used with graphite and MoS;

* Improvement of physical properties even incorporated with small

amount
Carbon

fiber

* Excellent wear resistance in air and in water
* Excellent anti-creep at room temp. and at high temp.

* Resistance to corrosive environments

* Usually used with glass fiber
MoS; * Improvement for anti-creep, compression strength, hardness

* Self-lubricant and low function characteristics

- 22 -
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Fig. 7. Crystal structure of graphite[50]
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2) Fu

7HEE 3 (Carbon black)2 &4 4" FAP 9 w&slr-iE FTHSIE A
=

°Z 10 ~ 500m AES UA=AVE 7RI F

A el HA FAHA e FHEEHL 13} E 23} FRE o] FoA] glo
o, 123} F2E Al @3Fs do] Rz JAY w FARY AFdo
2 At EgFel o WPEHE TS 7P YUt o]of i) 23 7=
= 2242 FE0 98] olnl AAHH 13 Fxo AFA FxEAM 1 A
go] Bz o3t & & gtk FHREH) ARG L FXE Fig 8, 99
LHERA A

Azgiel wgt FRHcRE Bg4d A4 3PS AR m=E= Ao

I8 a3, gEZQ HE EHe] EXL Table 6 3 o Ax A5 w

(—f

ZtA 7F22E2(Gas black), gAY EH(Oil furnace black), Y&z &
2 (Naphthalene black), °FHE3 & (Acetylene black), << (Pine smoke),
AE 3 (Affinity  black), &4 E3(Animality black), 4l&4 £
(Vegetability black) 52.% T&Eo|X|7|% FTh

HEag AR AeSE AFAF AAPE, AE, Uty

off

o 7AIEd AAF 7 E(Hardness), 7% (Strength) ¥ WHIEHd (Elasticity) &

o] 7t FHEEH Y FA LB 85% ol¥o]l AFEoE AEEHI
— 26 —
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Table 6. Classification and characteristics of carbon black

Lamp Channel Thermal Acetylene Furnace
black Black black black black
Material Crude oil Natural gas Natural gas Acetylene gas Crude oil
Process Incomplfete Incomplgte Cracking Cracking Cracking
combustion combustion
ngh p ngh Productivity
o volatile matter structure purity
Characteristic
Low ash Lgh
structure
Particle 50 ~ 100 10 ~ 27 150 ~ 500 30 ~ 50 17 ~ 70
Size((m)
Surface
, 20 ~ 95 110 ~ 1125 6 ~15 60 .~ 70 20 ~ 200
area(cm/ g)
Ash(%) < 0.16 <01 0.02 ~ 0.38 0 01~ 10
sulfur ; <01 <04 0.02 005 ~ 15
content(%)
- 28 -
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Structure

Fig. 9. Structure of carbon black
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dREA o2 AEEHE FA= E743Hd 5 A (Thermoset resin)©| T T 4]

2~F{(Polyester) 2} H|'dol|2~F (Vinyl ester), °llZAl(Epoxy)
o] Aed[m3] FEadfE EFAEY] TR w2t F2YHand lay-up)
E= MUFA SR (Vacuum infusion) 53 o] A 2 ASHe L&A

A FFoh Fepel weh AEs} e
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Table 7. Classification and characteristics of glass fiber

Electrical Properties | * Excellent electrical insulating properties.

* Good dimensional stability.
Mechanical Properties| (Elongation 3 ~ 4%, Elastic recovery ratio 100%)

* Tensile strength and tensile-modulus is very good.

* Lead-free and non-flammable, non-gaseous
Thermal Properties * Excellent Heat resistance, fire resistance.

(Heat resistance temp. 300 ~ 550C, Softening temp. 8407C)

* physiologically safe & Not legal restrictions
Chemical Properties
* Be used as a substitute for asbestos

_33_
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=
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g]o}3 ¥ Y E 9 (Polyacrylonitrile, PAN), 3] X]4|(Pitch

o
A

)t} B A

3

43} &Ee}2~E(Carbon Fiber-Reinforced Plastics, CFRP)+= T

-}

based), @l °]-24|(Rayon)=
3
=

J

A
i

A
&

A=
5
o
[e)

I

bt st v
3

27e] Welez TAE 0l 8Ly wEo T
o] At} YFu|FHT: PR Fr)

Oo]:

20w A= =A vpehdTh geba

(Turbostratic structure)(Fig. 10)

Collection @ pknu



A, ING |35 &
o Aol AA I 87t S

X
P

UE &

P
T

s}t
=

olo

1 TH56).

o
A

=1

_35_

Collection @ pknu



= 34404
A

L, 250

Ll

[

'wm@-iﬁil
s

I T L LI

T o g oy e

vs. 3-D graphite lattice(b)[54]

Fig. 10. Carbon black structure(a)
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Carbon Fiber
Composites

—— CFRP | Carbon Fiber Reinforced Plastic

— CFRM | Carbon Fiber Reinforced Metal

— CFRC J Carbon Fiber Reinforced Ceramic
(S

—  C/C Carbon Fiber / Carbon

Fig. 11. Classification of the carbon fiber composites[57]
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2.3.2. 72| (Copper)

F2(Cu)e MF 892g/cm’(20T), &3 1,083, WA 2595CE 30| A

© A oS A(COy), ©lAtERHSO,) Ee AES TR 5T 37

2
1o

o8l 97149 BT EHlo

™ 1,000C olstallA = A24kstE](Cu0), 1,000T oldolAE Al14tsl+E

Felol JAH fEE FYM-TUEA) A E AN 2B ol
AgRT B TEE 4535 LATHEAS ULETY 5 FFoA )

ARFAR, 545, A5AE 2 SEAEEE Bo] AMEHIL T

il

IFEFHY FEe €5 TP FUE AEHE FEHELCu
powder), @3AYT2](CuCl, CuCly), H&HAo]72](CuCl-2H,0)[58]5°]
T A= ARREE ZARE(Cu(NOs):3H0), I Z 4] (CuP05
3H0)[59] e8]l setH AL, woF AFHIA S AHgHE e
(CuSO4-5H,0)7} Uth.

A5 HAMMAR AMEEE TEve 29AFAd $E7F =& /7]
T ERrEo] AHEEE 53] o4SleAE ZAARAR A& Aol
= TE(O) vz EfEAL olHE oM EYCE FE(copper(Il)
bis(trifluoro-acetylacetonate) anhydrate, Cu(hfa),) =+ F2|(II) Bl EE
4 oA HolAEY|o|E F351& (copper( I )bis(trifluoroacetylacetonate)hydrate,

Cu(hfa); HXO)E AHgste EFA S JFA7IL FLdFAHoZ 717|723
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2.3.3. 4+3}2|(Copper Oxide)

ANAE de] AeEE TSRS A2aETE(Cu0)et A1AETE

(CwO) ¥ FF7F Ytk FHAEDE F7] FolA 7hdstd 1,000C o)A

4Z, B Solle &slEA geoh

A2kt o] Ay
AEE Itk =3 FEAE SV 99 ks UXA|, FEele FEF
a8 REH @A HRIE F s AEEI Jh HIolE pd
2bskE REEA|ZA 7F2 7R Al Ao ARS-E a1 ITH6O].

A4+ rel = F2 okadFA|, EYFE T (Tributyltin) &9t
L EE THAZIBE HAFAMEC] AREHAL U= Aol

DEA BPARRe) A7 OUBTLUE Age] Yrkuy g 9pe

ABAY RIPA )5S A BFARE AR Ao @4 A8 glon
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A5 IA 43 A A (Thermoset resin)[27,28]9F E7F4A XAl

O

(Thermoplastic resin)[29,30]= T2t}

A FAAL FFT HETA(Phenol resin), 84 X|(Urea resin),
A2 42| (Melamine resin), &3] 2~H 25X (Polyester resin), A&
(Sillicone resin), ol & A|5=X|(Epoxy resin), &&]|-$-#¥42|(PUR, Polyurethane

resin), H|&EA|(PTFE, Polytetrafluoroethylene) &°| Utk 1A= I 17

e aTse nBA BYARS] B4 Bada olusd g 5 A
hstel 1AM HAS Z7h AlE BFOE JlEo] WAl Atk 53] o %

b FAAlY] dR= JiAdsk] HellA kA FAAE

LEARGA B0 A §ohe B AT AAH T 9T,
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oj¢} &2 FAE MAst] A= ArVtE= Aol dolE FHAIAk 3t

1 Woll SAsks A3t el 4 =3 A7)0 wEy 34 Al VAR ERE
T Aok oo tigk WH-2 A f(Chopped strand, 6mm ©]4), &4 f(Long
fiber, 25mm ©]4]), <24 f(Continuous fiber) 2 F-8F o}

Zled dol=e Afdo] St wel v FobxAl Hw FHFAFl
EAs= AT FAAE 271 AT AFEHY FAS 2% VhEHHE 2
S A7t =AY AES BASA AL A8l wrEAdf, B4

F BY 2 AHAE PV )9k 2 A Gl HE HFES 5

thermoplastics) &4, Slurry Al &4+ S &4, CPI3E, EFH A ¥
Aol 2] LFT(Long fiber thermoplastics) &°] ©o]d3 22 IAE 53}

7] 917 e dee = JPEENeH, HT GMT, LFT &A= Ul &

Eo]d AolglE dZ% ylssith 7|Eo BHE /RS AASEA I

A AdR7Ieo] AEHA X FEo] BTk AT o] Tled MEE Al
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122 B B EE A A 5 AT63-65].

oFE- DA X (Drug-deliver devices)[63,66-68], A2td2l AA[69-72], &
AAE AZE[19,69] 5 AT 2UA oA EALE o &
71574 A7HAIE st AEAEZARE A=A

Watkins¢} McCarthy[20]= ZUA o|4tstEAE o] &35t
4 sasd ERARCd AVtEe HA7HAe Eddd £x9k I /718
ol &7 7IAZ dEde AsA7le AR sidsiT

Diankov S[64]2 ZE|WEwEr ota ) o] E(Polymethylmethacrylate) ol
3| = E Al Z4HHdroxy benzoic acid)& ZUA| o|4tstetAE o] 83t 3
ST Ngo S[71]2 YAl oldSeas - o]&ste]  ZFoEd
(Polyethylene) -+l #4FH S (Dispersed red)€ &3 sFA T

Schnitzler?}t = Eggers[72]&=  Z@]d®@®l  H & T2 o] E(Polyethylene
terephthalate)®ll &sll=7F th& FEE FF st YA ol4sigAE o
833t

Berens &[73]< olAitslgtie] o3t AT HWHIA=H =UA ol4b
SteAE ol &5t Ve HZHIE aEAY FR AVl 3ol EF
Popov 5[74] L&A WS HAE B¢ 7HE e 2d34E <

AT AF A
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2 Q12 1~5kHz W e F3(frequency)E 7H & E

Q1A3A "Ht gla 18kHz~20kHz ©]35te] Fu4E 71z A= QA=A s)

A X3tk 20kHz ©o]3e] FuarE 7HX A& 2SI (ultrasound) 2t 5t
%253 #4F7](Ultrasonic Processor)s TIF-E 20kHzE ©]-&-3HcH75].

x4 (Piezoelectricity) ©ol&t A2 2 A| (Piezoelectric crystal) ol

Z% 20,000 M9 A718 FA(spark)S 7FetH JAAGAE 2T 2% Ho

2150l doAUA Hew dutd oz AAA O 7| AAH] oEE Jhetda AR

Al ol Ao ¥Msrh dojua, w2 H71E 7hstH Z1AIF ] st

7Fex 71 2HJE] 2 (stainless steel) 2 F B3 E-(Probe)S FA7|H &
o] Al7l(amplitude)’t SFHA dot. olwf ZFHskA SFH 20kHz 53+
| £o= WA Uil HEH75].

&9 £o7 Y A7]9] 20kHz 2595 A7FsHE Sl T35l
AA o g Urtes WFoEZE AHY(positive pressure)©] FAYSIL T HEE
HHAo = = H o2 B3 (negative pressure)o] FAIZITH75]. 83 A=
a3 A% AF FEE 9 5 9y 789 vAl g (microcavity) o] @A
(cavitation) ®T}. o] HA|EIHE ME TAHAH =HFo® AAI|E sy HE
2 HAuges 2o 359 Agel os AZsHA 4 (implosion) HH-.
nAlE3to]l A= waf HIZ|IZHA o] ZIZEe & HeElx o &3siH o] 7
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Al&3te] g wole A&Fo] @ o8l A3 A9yt dAgstA =
ok olEg FA9 = W vyl 4o 2 FEoA wAstH o] At
of oJa dAFd AAAZE A Hot oln BAHH AAHG AUAE o] &
sto] Y13} (Atomization), " }3(Cell Disruption), 2 3HHomogenization), &
4} (Dispersion), 7}~ A7 (Degassing), 3ll(Disaggregation) 5= & < Ut
4H(Dispersion ¥+ Homogenization)< ILAE &4 o] E4HA 7=
A1 223 (Suspension), 7155 &5 FAAA 71 =] 4lolA ¥H=o]
FE T8 Emulsion)= €9 W 245 7283 HHE BHEAFHH75]. oA

7hA 9] HARRFY -2 ZE}L/ 2~H| o] Bl (Rotor/Stator) & ©]-8-3h= 7]A1 2l HHO

o

2 2HE 1402 SHAA BALE UAE olgsd WS B
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N
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X
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TS Aol A gk fAE AAY Aem ARET75]
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7¥ska QJTH76-78].
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_47_

Collection @ pknu



ol 28y FeaEE S

Ak o oF &

SHA

29 FLEAZIA Wel 7Y

2] 584 (Wetability)

F7] 2ol

S|

o] E%F

)

ol

A

}o] p-DCPD/A A E Uik

S|

2} 71 A o)

I as Azsta 71AH A

3.

g °l&

125W)

)

7otk

T—
T

7] GAlol o] FF o] Tt

o] ZgEE 7|EE %2

[80].

- 48 -

Collection @ pknu



3.1. AeF

Wrtr o] FdE PTFE/Cu HHFARE A=xst7] st A o]4tks}
gao g 78 AFAE AHEE 7] T2 vle] SEEEY &IEE =

}gt A3}H61]E Table 89 AAISHATE Table 89 oJstH  FE|(I) v~ E

ox

>

2 olAIE ofH|EV|0|E T4 (Cu(hfa)) T T-E|(I) B2 EFEL oA
ol EV|o|E F3}E(Cu(hfa), H0)°] THE F7] T8 wi¢ SIFERT
stekdol ik fell=rt wv= AMEE & 5 STk PTFEC &
B g AFAe) oz B u] PTFESL 78] ATA Akole] X3t 9]
Eoke Zog FA Stk v 39 IS FAF JoiA e &9
oA mE £EZ AL FYstolF AREHE T YA #EH v

712 AAE AYeE B dFoAe T tid AFAE Cu(hfa), HO

=
2
r>~

£ AgstA Ak AFel ALEE Cu(hfa), HOE &% 95% ©]4<l TCIA
A ES PTFEE AU H(Jinil Tec)ALo) Al F8 AFE-319 T

Z1AZ Aol 4" PUR/CuO EFAZE Axst7] Yste] =894

il

& A dREs AEsE(F)olM AP erE BEa = PE-SSE(EE
o =E| 24|, Polyol)E 743t = AR MOCA HA| 7
&3t

HA7HA 2 ARE3E A24st72](CuO)= I A3He(Jensei Chem.)e] #A|FO=

FEPA A7t 47, w5 98% ol HTe Ahgaidth AnEdcl

PE-85E, A24Fst7t8] 2 MOCAS] =854 Table 9, 10, 113 &
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Table 8. Mole fraction solubilities of copper(Il) complexes in

supercritical carbon dioxide at 40C[81]

Pressure [MPa] (density[g/ml])

Complex 1034 1379 1724 2068 2413 2758  31.03 3447
(0.652) (0.760) (0.811) (0.847) (0.874) (0.897) (0.916) (0.933)
Cu(acac), 0750 1300 1612 1845 2006 2120 2229 2307
Cu(bzac), 0179 0324 0462 0599 0721 0838 0944  1.047
Cu(thd), 6173 3035 4469 5824 6274 6797 7164 7415
Cu(tod), 2603 4900 7751 1141 1488 1810 2128  269.7
Cu(tfa), 29.60 3133 3527 _ 4208 4818 5462 5738  59.38
Cu(hfa), - H,O /1520 1741 2063 | 2417 2610 2913 3320  414.0
Cu(hfa), 2051 3211 3535 3820 4497 ' 5027 | 5699 ;
Cu(dmhd), . 3696 1540 2051 2604 3211 3401 3621
Cu(dibm), 9170 2726 3860 4619 5613 7305 7942 8841
Cu(tfbzm), ] 0702 1424 2113 2740 & 3313/ 3843 4269

Ref> Cu(acac) : bis(pentane-2,4-dionato). copper(1l)
Cu(bzac), : bis(1-phenylpentane-1,3-dionato) copper(Il)
Cu(thd), : bis(2,2,6,6-tetramethylheptane-3,5-dionato) copper(Il)
Cu(tod), : bis(2,2,7-trimethyloctane-3,5-dionato) copper(1l)
Cu(tfa), : bis(1,1,1-trifluoropentane-2,4-dionato) copper(Il)
Cu(hfa); : bis(1,1,1,6,6,6-hexafluoropentane-2,4-dionate) copper(ll)*
Cu(dmhd), : bis(1,1-dimethylhexane-3,5-dionate) copper(Il)
Cu(dibm), : bis(2,6-dimethylheptane-3,5-dionate) copper(Il)
Cu(tfozm), : bis(1,1,1-trifluoro-4-phenylbutane-2,4-dionato) copper(Il)
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Table 9. Properties of polyester polyol(PE-85E)

Description unit Polyester polyol(PE-85E)
Appearance(25 C) - Wax & Liquid
NH>/NCO eq. 0.85
NCO eq. 640 ~ 670
Viscosity (75 C) mPa.s 1000 + 500
Tensile Strength kg/cm’ 420 + 50
Elongation % 500 = 50

Table 10. Properties of curing agent(MOCA)

Description unit MOCA
Molecular formula - Ci3H12CN2
Molecular weight - 267.15
Density g/am’ 1.44
Refractive index - 1.671
Boiling point C 202(0.3torr)
Melting point © 107

Table 11. Properties of filler(CuO)

Description unit Copper(1l) oxide
Molecular formula - CuO
Density g/cm’ 6.315
Band gap eV 1.20
Refractive index - 2.63
Crystal structure - monoclinic
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3.21. YA o|AZFLE o] 8T FAAR

Fig. 12+ %A ol4t8et4E o] &3 PTFE/Cu E@A 8] A=xIHS
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kg/em’e] QHE fASHA AR olpFTLR 1087 FHRYT
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20~41
e

3 84E z2del wel somlel HUHE e 9@ sUst 1gn

40~160C, 122~204kg/cm’oll A 20412t F¢h =9} h&ol that 7 A

< Yty =S PTFEA & E 771 78 ¥i¢ shee FHeHe=

HE@d TN Slstel R Mo R Ue S du =R

230C 2 &8 WS o83t FEluF: 4= &) =18

59k 230C, 255kg/cm’E LG sHe] W3S .
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— Supercritical CO, Liquid CO,

Cu(hfa),-H,O + PTFE

Impregnation

Reduction

Nano Cu-PTFE composite

Fig. 12. Production flow of nano PTFE/Cu composite using a

supercritical impregnation process
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PE-85E(polyol) CuQ

Melting & Dispersion

MOCA

Curing(120°C, 1hr)

™

Specimens fabrication

Analysis
(Tensile, Elongation,Hardness, TGA, SEM)

Fig. 13. Production flow of PUR/CuO composite using a

ultrasonic irrigator process
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ASTM D 2240 (shore D hardness) ASTM D 638 (tensile test)

©

Fig. 14. Specimen molders for (a) hardness (b) tensile test and

(c) dimension of specimen

_56_

€)Collection @ pknu



3.3. AdAX

3.31. YA 0|43 EAE 0] L3 PTFE/Cu EFZAR

Fig. 156= A o|4sa4E o] &3 PTFE/Cu HFAEE A =xst7] 9
sl AHERE 2dA FH ZAE AHFH = el Aot ofitdtea KA
Z9 A2z 5 AEZE FAE JHFeE 100ml B 50mle] A-E Bl

R4 AR PAY FARE Holde ANE Fig 159 F AN

U= H (Needle valve) 2 EWHBall valve)s ©] 83t Z4A3tHct. g
T 1Y FBxo o AAHEE gEe] WES FFAAT7] 94 100mle

=
WA X (Rigid Borescope, Olympus)E AT 2] Ao A3 7Hs3t=S
AASAT. RS Adue A @Il Abgto]o] Tl 2 (Sapphire glass)
E FAS F e FE T Aotk olFEA AztE A™uel WA A

A8 Abvtolo] Teka glo] AHFoRM MUY WS BET & A
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Check valve
Pressure gauge

R o

. Cylinder 2 (50m

Back pressure requlator

1

Low temperature bath

Cylinder 1.(100mL)

L)

BP L
p4 Ball valve

Yent ] Needle valve

Fig. 15. Schematic diagram of experimental apparatus for the

supercritical impregnation process[22]
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YA = Fig. 169 YERA npel o] 7
T ok
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|=]
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] Ooloﬂ
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ro
)
1
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NI

o] H%E(3,000 ~ 5000 g/cm-s)[63]E 2Lt
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1. Stirer 2. Condenser 3. Mechamcalzeal 4. Thermometer 3. Service tank

6. Vaoumunpump 7. Heatng mantel §. Ultrasonic imgater.

Fig. 16. Schematic diagram of experimental apparatus
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A71A P& H(KW)E, nt IAEE(rpm)E, Wt dStE(kg)= UERITH 1
2o Ay Al g [, L9 r& 42 54mm, 152mm 2 60mmo] .
PTFE 3 T8 dAY 4 FelE g<lstr] #std FE A &S

Ay ol 3R Aol whst FAEAAP] A (Scanning  Electron

o

Microscopy, Jeol; JSM-6700F)# &3 A& W] 7d(Transmission  Electron
Microscopy, Hitachi; H-7500) &41& <3ttt =3 32 dAvjd &

A& 93l cryomicrotome o E F3} 140C ol 4] PUR/CuO EFAE AlH 9]

FAE 140 nm=ZE A9 & GHS F=319 0
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I:| 1. Driver motor

1. Shaft

15
from pump 5
%,9 j“—"’\%“ m
b G i i /o
3Jl 2:——-i|’i/,1 14 4. Pin-specimen

1. Disc

H

= I

5. Specimen holder

to nozzle

.1 6. Counter load

1%-><11 7. Oil pump
,Q: e =3 §. Loadlevel

(CL) 9. Load
10. Oil tank

11, Temp. sensor
12. Heater

13. Control box

!
Sor !
=

14. Speed control volume

15, Valve

() )

Fig. 17. Schematic diagram of pin on disc type ; (a)apparatus,

(b)specimen, (c)disc
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Fig. 18. Photo of universal testing machine
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ojgigt 2xt ¢Hel Wi Ad=RE, HHo 2dA A =42
120°C ¢} 163kg/cm’°] At}
QA ol4tslerA R o3 PTFE/Cu SFARE A=x3str] 93t

o 120°C, 163kg/cm” ZZoA ZYA olatstetig o] &3] 20417 F<k

ok

PTFE®| Cu(hfa)yH, 05 &3 A7), PTFEC] €3¥ Cu(hfa)yH,0S T8 F
%o NEA77] Hste £5F 230CE &8 #¢e A 23 4y
255kg/cm’E 1 3dke] 2A1F F¢ st A xH A|HE EDS(Energy

2 @ A3 94 wge] el YA
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Dispersive X-ray Spectroscopy) it
A& A=A (Fig. 22).

%3+ TEM(Transmission Electron Microscopy) &2 I3 o|HA & &
of 20nmEth 22 )7} PTFE Wiol #dsiAl 2250 Sle AS &<

3} A TH(Fig. 23).
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0.5
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Temperature [°C]

Fig. 19. Effect of temperature on the impregnation of copper

precursor into PTFE at 163kg/cm’[22]
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Fig. 20. Effect of pressure on the impregnation of the copper

precursor into PTFE at 120°C[22]
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DD 1 1 | 1 1 1
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Fig. 21. Time profile on the impregnation of the copper precursor

into PTFE at 120C, 163kg/cm’[22]
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Spectrum 4

N
Full Scale 1978 cts Cursor, 0000 eV Elacton Imaga 1

Fig. 22. EDS analysis on the cross section of PTFE/Cu composite
synthesized using supercritical carbon dioxide ; impregnation at

120C, 163kg/cm’/ thermal decomposition at 230°C, 255kgfcm’[22]
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kg/cm’/thermal decomposition at 230C, 255kg/cm?[22]
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4.1.2. PTFE/Cu E&A8 &% vl&-vjx &4

et wpzk g e Aol defxitts A& =St

vhd g ynpr EX4o &S vAA e A FEdA 3 FAUL
ME =23 mtR BRO stF W3 wjwo|t. wEta] AP 272 Table 12
of e zAA ZAH3YT 28l Table 13914 AlgFHeo| Xz AF
PTFE®| 7|Al% A4S YEeldth

Fig. 24°| &7 PTFE ¥ PTFE/Cu HZASE €°old £% 044m/s =
gt A9 vpEAe] WskE YEnh Fig. 24904 RW skFo] SIS eE
AL A4St des & Ak 8FF 60NolAM 7Y A2 gte B
olu} 1 o]iel dFolAE £ PTFEY A$E 4&Z 7} 3o A
PTFE/Cu E}AEY A$e 4B s Eolak Uth o= &5 PTFEY

Al &4 sksol 7MPac] 22 o] Fk o] FollA= &2

G PTFEx st3o] 7185 nfRFdA 4% S7HE Eolu, PTFE/Cu
EdA RS Ae st e tiEl rtREe Hste A9 gldth o9}
2ol AE T2 nrEs JehE olf+E PIFE/Cu 2348 A FHe A

A},

N\

< PTFES] T2 A7t JEste] Ynfmyo] 4w Aoz F

_74_

Collection @ pknu



<4 PTFE®} PTFE/Cu B@AZS nf2&FS =AHs7] 98] Zhang 5

[86] 2 AdSAFHO=E 30 volse FEI7F £¥E PTFE/Cu HZAEE A=
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Table 12. Test conditions of PTFE impregnation

Impregnation Thickness
Linear Velocity
Applied Load

Environments

1.5 ~ 2.5um
024 ~ 094 m/s
20 ~ 80 N

Lubrication QOil, 60 C

Table 13. Mechanical properties of specimens

e [ SPECHEE PTFE PTFE/Cu BRASS

Properties(unit)

Roughness Ra(xm) 0.04 0.06 0.8
Hardness H,(N/mm’) 27§ 32 55 ~ 60 118 ~ 196
Density(g/cm’) 2" 252 8.4
Tensile Strength/Yield(MPa) 21 ~ 34 40 ~ 42 124 ~ 310
Melting point(C) 327 ~ 340 327 ~ 340 900 ~ 940
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Fig. 24. Variations of friction coefficient with load at sliding speed of
0.44m/s and 60TC
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Fig. 25. Variations of wear rate with load at sliding speed of 0.88m/s

and 60C
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Fig. 26. TGA patterns of polyurethane resin prepared with different

MOCA contents
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Fig. 27. Effect of MOCA content on the tensile strength of polyurethane

resin
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Fig. 28. Effect of MOCA content on the hardness(Shore D) of

polyurethane resin
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Fig. 29. SEM analysis of polyurethane resin reinforced with CuO
particles ;

(a) Before ultrasonic treatment (b) After ultrasonic treatment
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Fig. 30. EDS analysis of polyurethane resin reinforced with CuO

particles
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Fig. 31. Effect of CuO content on the tensile strength of PUR/CuO

composites
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Fig. 32. Effect of CuO content on the hardness(Shore D) of

PUR/CuO composites
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Fig. 33. Effect of CuO particle size on the tensile strength of

PUR/CuO composites
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Fig. 34. Effect of CuO particle size on the hardness(Shore D) of

PUR/CuO composites
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Fig. 35. Effect of curing times on the tensile strength of PUR/CuO

composites
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Fig. 37. Effect of fillers on the tensile strength
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