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2 % JFBHE AR Urlrd 4 5o 2nEASY Zo YA (UHMWPE) & 7t A 714 445 yelzAd & 244 7t
AA 2 dicumyl peroxide(DCP)& AM2-3l1 7InHEZA| 2 tnallyl cyanurate(TAC)E Al&3ta] 8§48 olx UHMWPEE 7tuAl#ch. DCP%
TACS gefo] 371845 slud o83 ZeldA(XUMPE)e] A g3 Fsin A, 2ARE, 248, AP4EL Aasd
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248 o] £ A ¥oM vpres F2 A % oz #oaH o, R RHE Hertz & 0|20z A4S H4E$Y 7 XUMPES
g57xe] vd vAgE Byl & 35 & 7 ball-on-disk PlRA P = Z1AH dFo] BEFE O 2 sl E HY o, nrTY
FUAAS 9 ntdA ST Z7l690 ol JAREE Y £ AL 4 #8359 93 Es o ¥& XUMPES] #1334 a7} 235
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Abstract : Ultra-high molecular weight polyethylene (UHMWPE) was crosslinked in the melt state to enhance wear resistance. Dicumyl
peroxide (DCP) and triallyl cyanurate (TAC) was used as a crosslinking agent and a promoter, respectively. With increasing amount of
DCP and TAC used, gel content of crosslinked UHMWPE (XUMPE) increased, while the melting temperature, crystallization temperature,
crystallinity, and tensile properties decreased. The results of pin-on-disk wear test and ball-on-disk test with small applied load showed
reduced wear volumes of XUMPE from that of the unmodified UHMWPE. As the wear mechanism effected in the experimental condition
of this study was thought to be deformation rather than adhesion or fatigue, a new parameter, the ratio of maximum contact stress to
yield stress, was proposed to correlate well with observed wear resistance.In ball-on-disk wear test with larger applied load, XUMPE
showed higher wear volumes than that of the unmodified UHMWPE which were accompanied with increased friction coefficients and sur-
face roughness of the wear tracks. When contact stress was well above yield stress, the failure of XUMPE, as well as deformation, was
thought to be much accelerated.
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Fig. 1. Schematic diagram of pin-on-disk type wear tester
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UHMWPEE Mitsui PetrochemicalA}®] oje}F Hizex 240M
Raote Al 7baA| dicumyl peroxide(DCP), 7tm ¥z
A triallyl cyanurate(TAC), 2]z Ar3l4a]A] 2,6-di-#-butyl-
4-methyl phenol& AldrichAle] A|oFg& Hxo BA gflo] 2
g2 ALstden, o)l acetoned}t p-xylened FU43HEe
AFF e A aA4ee) DCP9 TACE UHMWPE
watgl Al Esl7] A8l o5& acetoned] F{AIZ F
UHMWPE 223 E3algch. A&dM dif&el acetoned]
zdrgd w7jx] THEL A F 40T AFLIAA 244
75 AzEe AF acetoned AAFY} EFEEL 170T,
3000 psidlA 208 ot 4EAYsY 7w g AYAHH.
A $%(gel content) 3 & 93 300/m FAS TEE, A%
AEe A48 lmm FA B, tEAE AHoZ 2F T0mm
S 10mme] 9utg 42 EAF UG-

2. 84 3 A

A g3e 2487 st 300mm T LES AVsEA
Aok @7 pxylened] Y1 48AFL B staEA S
UHMWPEE %3¢t $als)a 42 nq8¢ Zejhfo] ac
elone0 2 24417t ¢t AWFHAEM AF p-xylened HH3Z,
AFQBN Az F FAE 235 5 AF9 FA H
2 A ¥3g ANt 93 A4AE Perkin-Elmer}e)
DSC-4& AHg3te] 2339 o smge) A8E A47F &
dA 10C/ming 52 424 170CAA s 534
(T & 2381, o x4 582 448 ¥ 10C/mne 2
ZestA 2AFHLE(T.)E 338 233=(X)e A
A% AUEY FE9a9 BHE 490 284)/g02 FAHA
Indiume] €932 A v|@sd £44L WA T3, o
2 Zedg9d AR $49Q 292)/go 2 ol AAts
Qo8] AFAPe Lloydrte] LR 10K w51 8718 AHE-st
gow, Imm FA9 HA ASTM D638 Type V F3H9
dumbbell 3 A|HE Zehfo] A& 4 gauge length 10mm,
crosshead speed 100mm/minZ 331t}

n}2 Al 3L pin-on-disk® ball-on-disk 5 Hej= &3
ow A¥d AgE pin-on-disk Feje} wiRAIYRs) AH=EE
Fig. 19 Jeiglth. Pin-on-disk Ao Agd & #He
Co-CrAl @39 AA AzHH F& FolA Fezhlo] A
Imme} €75 FH2 712E Aeg, nEA HE3}e W
BF FAAA7(Ka)7t 0.03um7t H=& dAvpsig o 7H5e
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Table 1. Gel Contents and thermal properties of UHMWPE and XUMPE
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DCP added TAC added Gel content Tw T X
Polymer . .

(wt %) (wt %) (wt %) () (C) (%)

UHMWPE - - 0.00 132.0 116.0 46.9

X050 0.5 - 94.05 126.4 114.0 41.0

X100 1.0 - 98.16 122.6 111.7 37.3

X200 2.0 - 98.95 119.3 108.5 36.2

X052 0.5 2.0 97.87 118.0 106.0 35.3

X102 1.0 2.0 99.16 1146 103.9 32.3

X202 2.0 2.0 99.21 114.2 110.3 314
AX He] FEMAEZL 1042mmo|Ych. 18z} AJHE 2 E3 pxylened] =3z 7] wjEo 2 AZHUC. gy TACY A
$A7 247 70mme} 10mme) Qwboz, ERE R7} 005m sl @ A gee] 2/1ES ax 9e Aoz ey 1
olgt7t Hx g dvisle A4 &EAZE 49 HHE gy DCPe} TACS] H7bgo] 718 uet 44 7luxs F
Abgald, 2528 10.18N, vte) 3 A%5E 50rpm, 3 7tetg e Aoy Aden, ol DCPe TACY #Hrlefd o2
AA & & 18mm, A4 207 32 AU nfRA Eo To, Toe, Xo Z2Y B4 AY 245 B8 898 5 9

B H AlHe #Hd 49 olm A3 (track)& TencoAle]
Alpha-Step 200 profilometer® ZFA}sted 243 njwztze)
9D AR §o 2 RE vjrEAE AMATY. FALE
o #2742 zbzb 0.25mm/s9 2mmE &k th
Ball-on-disk A]8& Co-Cr ¥ tjAl 8kz}E0] 4mm¢! stain-
less steel #& Atg3te] P At JHuAE, A&, BY
AE71= pin-on-disk A|g3 2A d¥ed, FEAR FTHRT
E AMstdn Agde F 7t 2744 Adsided, #38
& 10.18No 2, 3AxE 209 3z & Al¥(ball-on-disk
(HNa +3313¢ 6.28Noz, A48 19 3=z & AY
(ball-on-disk(L)) & Zt7 Al#&dch. 4 Algo] AP F
et AHE load celld] 71lAs +88 L s AP
A g ojdAFE FI slRAHo] BY F onju
vo) 2437 & FEv R & olfsle rjEAxe] FHE B
3o wlRgAS EAE9 o4 viEAg 27L& ASTM
9] Z7A(polymer pin on metal disk, 3-5 MPa load)dA] Hlo]
tht, dFAANA Y vir A o Z1gAl 871 Y3 metal
pin (Z£ ball) on polymer disk2 &9 313 & 3A s}
27
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DCPs} TACS| #3o we stmgl zueas Eeldgd
(crosslinked UHMWPE: XUMPE)¢] & &3}, T,, Tw., X8
Table 1] vehiglch. A e DCPel g3l F7H) o}
2 Z7lstgom, 2e DCP Pol4 TACAH 7t met o
Z7lagth. e <k(0.5wt%)9] DCP Aslwtoze &
gao] oz, o= UHMWPES) 23] v 28
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Ozl g Alg ggzg W Agwes dd stast 84
93, ge Azgge B 2aW B2F5E s 2o 4
Ao od Majukso] ofs) AjsTie] W of HHA
TAC7} 245 TACS allyl7)7t Algetiza whgste] 29
ZE) (grafting) | 2.2 B#53 wg Azt e oA &
7} gof AleAee BaANh E@ 2B TACY @
e % A9 alyl7l7h g2 Algszs wesd slad dq
a9, o714 AR AgBe g Ak $48 g 2Fs
o Buze A4 5 Yol Fuze AW %n AL B
& 3lug 7IREEe o wolAA Bd8,9]

SgAdoN FHY stast YARRAA n2R AeEe
AA438 W88z T.ot gasgos] DCPe #abo| 3
7hgtel wet Tazt olel) vlalstel asgom TACY #H7bd
o8 $U§ DCP #olA dAAG T.o 242 BASA
o|2# DCPe o] Z7hitol we} 7t} Z7hstn TAC
o Azl o8 staEgo]l FAHALL AR HAY
o. 2335 #3o] HaAngozH XUMPE: AR =79
sfo) ZasiA €, olz A8 AA 7)o o8 AHAE Ta
5} AR ool ols) FHAL X7k DCPs} TACY @3o] =
4 d g ge By
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XUMPEY Q3A4FE& Table 29 vehgich. Zeldidd
£ HRE 2N nEAe] BHE(E)S 2= Hdsts
Aoz #A dem[10], & A= DCPst TACY ¥
o] F7tgtdl wet sl o ZAAHHEI FAsta B EC
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E 2. UHMWPES} XUMPES| QI AIDL ofR x|

Fable 2. Tensile properties and wear behavior of UHMWPE and XUMPE

Aafel ol HE- 2 A A2 % HAY

E

g,

0,

£ Wear volume

Polymer ' O/ O,
(GPa) (MPa) (MPa) (%) (x107* mm®) (MPa)
UHMWPE 1.45(+£0.20) 22.0(£0.3) 40.7( £ 2.8) 421.9(£19.1) 13.67( £0.57) 39.2 1.78
X050 105(+028)  20.5(+0.2) 314(£5.2)  4126(+17.9)  12.17(+0.38) 317 155
X100 0.75(£0.14)  19.2(£0.5) 24.2(+20)  3444(£25.0)  9.70(+0.70) 253 1.32
X200 0.64(£0.10)  17.5(+0.2) 225(+13)  3295(£181)  8.02(+0.95) 22.8 1.30
X052 0.62(+0.13)  17.3(0.2) 2L1(+11)  2763(+125)  6.87(+0.98) 22.3 1.29
X102 0.56(£006)  17.1(£0.2) 208(+18)  2842(£285)  5.03(+045) 209 1.22
X202 050(£0.07)  17.0(+0.2) 182(+1.0)  2043(% 37)  4.29(£0.85) 194 1.14
1000
2.0 wt % TAC
g 800
£
= S 600
E =
& g
L 2 400
3 Without TAC c
E 2 200f Without TAC
g
g 2.0 wt % of TAC 0 ' : ‘ :
= 0.0 3 10 1.5 2.0 25 3.0
Content of DCP (wt %)
1% 3. Ball-on-disk(H) otz A|#oliA{2) XUMPE oj2& i
0 s . . . . Fig. 3. Wear volumes of XUMPE in ball-on-disk(H) wear test
0.0 5 1.0 1.5 20 2.5 3.0

Content of DCP (wt %)

J% 2. DCPe} TACS] &t mE pin-on-disk AlEol|M 2 XUMPE
o ojmeg

Fig. 2. Wear volumes of XUMPE as a function of the content
of DCP and TAC in pin-on-disk wear test

248e 2o 3EAR(0)e AHAEY FAY F7]d 4|
dete Aoz g Aen[10,11], DCPs} TACY kol
713 wet o] F dze o] #4doz XUMPES g
=7t ZAasAct

AR 1EAY & d¥dAMY HdM G E (elongation at
break: e,)& ¥ Aul & ¥ Aoz Az dev(10],
ol E-xi&o] FI1E4E A& (entanglement)o] ZF7latw
ojgo] MAAYNAM AleEe] vigs £ AYA ) g2
o2 AWEd. & Adgd4 s Jtart 248 get sdalg
90| ZAdA = ol DCPe TACH os) AAE 7hazt A}
S¢¥n iz WA &S Wi EYE o
AA 87 oz wesHch DCPet TACY #3jol F71%
of ma} 9APE(tensile strength: 6,) T8 ZAsE AYS
e ol By stug 2 AYE Hols ARl 1 ¢
o ZrjdA ZadELd 9% Aoz AAH12].

o) FE3A 42038, AlF, 1999

3. Yoj2M

XUMPE®} pin-on-disk v}2 A 89 ZA22 Table 29| Aal 3}
Ach. XUMPES] ujm 237t UHMWPES] v)s 2glon, Ao
68% 77 #H4g BEth. DCPs TACS #ejol @& rimi3)
o] ¥gE Fig. 29 Jehkle=d, DCPY o] Frietd o
gt vpeRar Zasdn TACH Hrisde o o & 248
BHao 7tad oF dAAHAL 55 ALy ey yelrde
288 F18 Aoz Jeigd. a4y fdFH dAdge
Z2A & B g gz gol 2L F& AH4-# ball-on-disk(H)
npBA|Ho A= Fig. 3o Jepd diel 2ol DCPe} TACS 3
o] Z718+E Ry} Frlsie AP 7o met
Heotg ol Zadte ZAE HAo 2e AAYIE e
g XUMPES] rni2AFo] AlY zd we d2A Jeigs
g, ol AdzAd wat FEAgAe o] DA Hu
o] &8 $g3ts 49 4o tg Utk Hol 71U
€ Ao2 AR weM nleA e 214 g2 44 §
go] 279} 71AE 44 & vRste Qo] e sicty A
.
YA eHPoA FAE JFHEEY BRE T3, dFAAH
9] 293 ulw WY=L 23 (adhesion)r}®, A4} (abrasion)
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Ag XUMPE?Q] 71414 QA= o ¥ HZo| #E Hertz
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ol e HEse F B BANY S e RE A= e
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Friction coefficient

0 20 40 60 80
Time (hr)
2 5. Ball-on-disk(H) of2AIEoflAM AlzZtoll 2 XUMPES| oz
A

Fig. 5. Friction coefficients of XUMPE as a function of time in
ball-on-disk(H) wear test
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HES 747t 210GPa, 0.3, 04609 20i[15,16], mE2e) A
£ ARNYL B 248 e AL
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o DCPe} TACS| 30| 371848 XUMPES} @4 &o| %
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% 6. Bal-on-disk(H) ot Ajgel oi2 X B3: (a) UHMWPE,
{b) X050, (c) X202

Fig. 8. Optical photomicrographs of the surfaces of wear tracks
in ball-on-disk{H) wear test: (a) UHMWPE, (b) X050, and (c)
X202
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o383 A : 204, 415, 1999
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= 9] g2 JM l Wt Aate] He Aoz AR

PpR ALY F 233 up2A S pin-on-disk ntRAl @] %
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7} }93\ 2% O A HEL Azto] A #de wat nlEHA
Z7tsidd. 53 sluiust s} & X202&
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o2 AzH afdA$7} F7l8b7) AFshs AlZte] mlw
7b aA w7 ARl Azleg AZEAY. £ updi)
T 37t EBZ A E Ads¥E F/M R niw
€ 9 582 Aoz o€l Fig. 69 UHMWPES}
XUMPE9] nlizt=ze]l gHAIN S velded ooy s} ¢
AY AT50] BASY 7|AF o] o} mpuiuls} Z 4
Heo FUAL} 24 F7H0LS ¢ 4 o

Pin-on-disk9} ball-on-disk A|#& vlms] RE wHygol A
%, & f37} dojuh=rte] o R wlel £ Afe nlrA S
Mg gdz2A Jede 4 5 AAd mebd ball-on-disk A d
$ AL 3% Ao A AjPsd pin-on-disk A @ 2o
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