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Abstract

In conducting the research on Material Science, two composite materials, ultra higsh molecular
weight polyethylene (UHMWPE) powder and aluminum oxide (Al,05) powder were formulated by hot
compression molding process. The formulated materials demonstrated good mechanical properties.
Based on the studies, the ALO; grade selected was Al,O; HTM 30 harboring mixed uneven powder
particle sizes ranging from 2 to 5 microns (um) and selected proportion of Al,O5 alloy mixed for
improving mechanical and wear resistance properties of the UHMWPE composite material was the
UHMWPE+AL,O; HTM 30 at a ratio of 95:5%. When considering both material properties and cost
effectiveness in the impact test, 2-5 um AlLO; HTM carried the higher impact strength than other
aluminum oxide grades with the values up to 586.8 J/m at a ratio of 5% aluminum oxide. The
hardness test of the 2-5 um UHMWPE+ ALLO; HTM delivered the hardness at 58.8 using the standard
durometer. The tensile test values consisted of yield strength, ultimate tensile strength, elongation
at break, and modulus of elasticity equal to 20.52 MPa, 29.96 MPa, 265.80% and 784.46 MPa,

respectively.
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Properties Method Unit  Value

Density 1SO 1183 g/cm®  0.93
Bulk density 1SO 60 g/cm® > 0.40
Intrinsic viscosity [n] ISO 1628-3 ml/g 2300
Average molecular weight (cal.)  Margolies’s Eq. g/mol  5.5x10°

Average particle size, X50 Laser Scattering  um 150

Tensile strength at yield 1ISO527 MPa 22
Tensile strength at break 1SO527 MPa 35
Ultimate elongation 1SO527 % > 300
Izod impact strength ASTM D256 J/m NB
Hardness ISO 868 ShoreD 63
Melting temperature (10°C/min) ~ ASTM D3418 °C  130-135
Vicat softening point (1 kg) 1SO 306 °C  125-128

M15°99 2 audRvesegiifleneenlyd (ALO) [13]

Property A0,
Molecular weight (10° g¢/mol) 101.96
Melting temperature (°C) 2072
Poisson’s ratio 0.22
Specific gravity (¢/cm?) 3.96
Tensile modulus of elasticity (GPa) 370
Compressive Strength (MPa) 2600
Tensile ultimate strength (MPa) 260
Fracture Toughness MPa-mY2 a4
Density (g/cc) 3.9
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Indian Aluminium Co.,Ltd.

-5pum Ju ALO5 99.4%, Calcined B-grade

NARLMEUSEN Indian Aluminium Co., Ltd.
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150000
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corundum, AI2 03, (20 2), 1.9638, 46|

corundum, AI2 O3, (0 0 6), 2.1648, 41
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250000
200000

150000~
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100000+
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50000+
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Corundum, Al2 03, (:

Corundum, Al2 03, (2 11
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Corundum, Al2 03

Q(1/ang.)

5UT 6 Calcined ALO; HTM 30
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FUNUNARDULSINTEUNA TUUIAT BI
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YUINBUNIA 0.3 pm (300 nm), 0.05 pm (50 nm),
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%

6%

% Alumina

5%

486

3%

450 470 4%0 510 530 550 570 590 610

—m—Bgad -A- HTM =% -03 lupsou *—0.05 lunsou
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JUN 7 A1ANUNUABUTINSEUNNTIdIUNEANYDS
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M15799 3 ANANUNUABLTINTEWNNN S DUATUBY

ALO, ThNIARIAY

AL,O;  B-grade HTM30 0.3 um  0.05 um
5% 570.54 586.79 574.27 -
8% 532.36 505.31 510.47 504.35
10% 482.26 474.81 - -
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MIVAFOUANULTINLNINTFIU ASTM D2240 (JIS
K 7215 D, ISO R 868 D)
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U7 8 1a3eavadaUAIuLTa Durometer WUy

Shore D

A15197 4 Aanuudandensesazues ALO,

Durometer
Specimens SD
Hardness (Shore D)

B-grade 5% 56.6 0.92
B-grade 8% 58.4 1.02
B-grade 10% 59.2 0.75
HTM-30 5% 58.8 1.72
HTM-30 8% 59.2 1.60
HTM-30 10% 59.4 0.49
Alumina 0.3 pm 5% 60.8 1.66
Alumina 0.3 um Il 8% 59.7 0.90
Alumina 0.05 pm 8% 61.9 2.47

navosrTifintuarnefeTantudain
welifintu a1nmsasit 4 NUINVUIABUNIAKS
ogfidousenledifivuinidnnituaziviunaion
avvesduNaNiuTuIzd At LT L RLT Y
Lﬁadﬁ’;aagﬁLﬁﬁmaaﬂlw‘ﬁmﬁmvﬁmﬁawamaﬂﬂ?jn
Aoliiioves UHMWPE #iudsdu dwsuriinves
Calcined Al,O; B-grade 5 pm iag ALO; HTM 2-5
um lenauasluly UHMWPE udaazlaiiuay
WANANNYBIAIANUD ﬁﬂﬁmmumﬂmwmaymﬂ
fidnas o 0.3 um w3e 0.05 pm azlineldin
mmLmrwhwaam:émmlfﬁaﬁLﬁu%’{uaﬂwﬁﬁaﬁwﬁm
fissdiunausosay 5 uaz 8 989 Calcined ALO,
B-grade 5 pm s ALO; HTM 2-5 um Judsfians

Prluusznaunisiansandentd

34 Naﬂ'ﬁ‘Vlﬂﬁa‘ULLﬁ\iaQ
Tunsvadeuussisdaeindes UTM azlén
7199 Usznauniean Yield Strength Tudas Linear
Elastic waz Ultimate Tensile Strength #am15197
5 @1%3UA1 Elongation at Break (A1N158A67 o
9vn Andufesaznsindivesingiigauiaiile
Wisuiisuiuaue1 s udu) uaz Modulus of
Elasticity w@nafams199i 6 A2en15ia3 8 w1y
NAEDUYAAY 5 Funumazthamaiaisluustasan
Tnefiarsananadrudeauusnsgiu (Standard
Deviation) i{udndy 9nnsnaaeunuIidiumay
511919 UHMWPE wazegiiflewsenlusdilivanzan
TunwsamisandAnanauasduyuvosog oy
oonlafithinuauuasiilulszgndldaumanaiiy
A9 UHMWPE+HTM-30 5% @164 ¢ LAAIAINITN

75 LALA15199 6

M15197 5 AULAUNTAATINUAZAIUATUNTLULTS

=

fegegnuas UHMWPE + ALO, Sogag 5, 8 wag 10

Yield Strength Ultimate Tensile

Specimens (MPa) Strength (MPa)
Average SD Average SD
UHMWPE+
12.41 0.25 29.2 0.6
B-grad 5%
UHMWPE + B-
12.21 0.05 29.16 0.42
grad 8%
UHMWPE+
10.88 0.27 29.57 1
B-grad 10%
UHMWPE+
20.52 0.43 29.96 0.71
HTM-30 5%
UHMWPE+
11.01 0.33 28.63 0.87
HTM-30 8%
UHMWPE+
11.36 0.46 29.19 0.69
HTM-30 10%
UHMWPE+
12.5 0.33 29.91 0.71
ALO; 0.3 5%
UHMWPE+
21.86 0.22 29.15 0.82
ALO,; 0.3 8%
UHMWPE+
11.26 0.48 29.85 0.78

ALO, 0.05 8%
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A15199 6 A1N1SEARD U AVIA uarlugaanIY

ganguvos UHMWPE + ALO; Sosax 5, 8 uag 10

Elongation Modulus of
Specimens at Break (%) Elasticity (MPa)
Average sD Average SD
UHMWPE+
254.24 1.95 796.62 3.13
B-grad 5%
UHMWPE + B-
256.42 1.54 847.66 3.77
grad 8%
UHMWPE+
239.52 1.60 907.99 3.35
B-grad 10%
UHMWPE+
265.80 3.20 784.46 3.28
HTM-30 5%
UHMWPE+
227.33 3.79 836.05 2.50
HTM-30 8%
UHMWPE+ HTM-
251.22 2.46 865.54 2.79
30 10%
UHMWPE+
260.34 1.81 854.75 2.23
ALO; 0.3 5%
UHMWPE+
258.09 3.77 885.04 294
ALO; 0.3 8%
UHMWPE+
253.42 1.41 889.09 4.84

ALO, 0.05 8%

4. d3duasanusnena

wadlenauminluanagedseln (Ultra

High Molecular Weight Polyethylene, UHMWPE)

o o a o

T unsTanunan wazdnsegfileneanlas (ALO,)

a Y

aa a Sy Y] a 9 |
ndanuuianssevay 99.5 Wuianasy dnsdu
5¥%I19 UHMWPE Uag ALO, agegil 95:5 fia 92:8
AuaIA U FegUdnualdagiulaziuunay vule
BUNAVDING ALO; 308N 5 um AeldnsdnTu
JUTouT 43598 10 MPa flgauvind 140 °C1Ju
181U 45 min WU ALO, HTM 2-5 pm aglsian

'3

ANUNUsBLIINTERIngInInegiideneanlydingn
duq FeAndigeda 586.8 J/m fdrunauegiiden
panlunsauay 5 n1snadauAIAINNLT YU
UHMWPE+ ALO; HTM 2-5 um wua 1@ a1aa1u

<
LbYIDEY

Y

7l 58.8 A28LA3 8ILBUINTFIU Durometer

PINNTNAABULIIR 99z LA A6 Usenauaay
Yield Strength = 20.52 MPa, Ultimate Tensile
Strength = 29.96 MPa, Breaking Strength = 22.83
MPa, Elongation at Break =265.8 % iLa¢ Modulus
of Elasticity = 784.46 MPa (A16199 a4 alé
nnsneaesazanansathlUldnelunmsiasgiila
srelusunsumesulnludiodiuns) nansnaassdi
lamanaaennanaiu F. S. Senatov et al. [2] 34
nanaladngnslunisnaniaznszulun1sHaniy
woanaaswiliflddegagasiiazinluldlunns
nnassad1edelsAeuusian (Run-Flat) fifvhwin
W1 §9n38UIUNTEDNLULLAES 1A e UL anay
Judnaumiafigedddnszuiunsimnssudouses
WanuAlalaym waravdesmiiiunisnaaeunisia

MUl URNISHaL LA UNAFR UL

5. AinAnssuUszNA
Tassns3dedldsunuaanyunisidenin
f1nUANLNITUNTIVEUMYIRA WA, 2561 AL
Fynavd nus./2559-194 AMEE ITHVDNTIU
YounszAndINUANENIIUNTITausr LTy
981984 VaveUANINIINgIFumAlUlagTIvNIAA
wszuas MlvAnueyAsIEian Ll uazindeaile
1n30adns a1s13agulnacinen lunishauide
YoUBUARL §UI8AANTI15E A5 asmd 5T0ues 7
USnuiesduanisiannediuesaeulndn
AudIdouazimurinalulagnszuiunisndnly
9RAMNTIN ANEIMINITUAMansuazandnenssy
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