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ABSTRACT
The objective of this research is forming a hydroxyapatite - poly lactic acid composite by
injection molding and test the mechanical properties of composite materials.The first step design the
experiment by combine Mixture-Process Design. The relevant factor are the ratio of PLA:HA at 90:10
85:15 and 80:10% by weight, injection temperature range 165-185°C, injection pressure range 55-65
bars it has 12 experiment. Then produce the specimens from hydroxyapatite-polylactic acid composite
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by injection molding. The results that can be forming by injection molding is actually only five
experiment. After test the mechanical properties with ASTM D638 and D790 (Tensile and Flexural
Strength), The maximum value of the tensile test is experiment at PLA 90% HA 10% injection
temperature at 185°C, injection pressure at 65 bar, giving an average of tensile limit is 43.06 MPa and
a piece of minimum value is experiment at PLA 80%HA 20%injection temperature at 185°C, injection
pressure at 55 bar, with an average tensile is 27.99 MPa. And the relation between stress and strain of
the graph is a material polymer has soft and tough. The bending test, Experiment at PLA 90% HA
10% injection temperature at 165° C, injection pressure at 55 bar has the average maximum bending
strength is 63.59 MPa, give the maximum flexural before tearing up as 0.0195 m. A pieces of
minimum value is experiment at PLA 80% HA 20% injection temperature of 185°C injection pressure
55 bar, bending strength is 57.46 MPa. After analyzing by the Finite element method this material is
the most efficient when it received load 150 N at the connection area.
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1 Datasheet: NatureWork PLA, NatureWork
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2 Datasheets: Biomer 19000, Biomer,
Netherlands. http://www.biomer.de.
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1 D
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P 65 55 bar

111508 ALUUMITNAADI9INTId89 194U Tag
T1sunsy Minitab tazdnsieiminnudunusvea
AUNITNITNADDY

¢ 2 a 22
3.3 qunﬁmmimamsmxwmumsaﬂwgﬂwam
= <3 a a a a
MTYULANAITAN Woauanan uedaa 3251 910

a o A

a s - a
U3En 1% Inawesd ndinaas 31na, leasendezi
Ind vinaadvuniigaannssu wiInododos
inTesRanaIaan Battenfeld BA 250 CDC a1

@ J @ a
40 éu ngudnuauaziauima Tulagmsnaania
gATIMNTINAIAIFIIAINITTUIATOINAAULIAINTTU

s a o s 4
AIEAT UHIINOIROINBATAITAT,IAT0INATO
Baldwin Universal Testing System 11 a¢1a350 4
nagoy WYKEHAM-FARRANCE ayu1a 10 au
¥0401033137n53uTe51 AnLIAInTTuAIEAS

a U =) 1
UGy 13 lna

H a X 2 ° o <

TUADUNMIRAVUIUFUNUTINTFInIuda
waraanneduanan ueda waz leasenseziing
AWATNMNMTOONUVUMINARDI 12 NMTNANDI WE

a a a = J o
woauandnuedauaz leasongoziIndviinisdou

@

¥y A = A A A o
ﬁﬂﬂizﬁulm“ﬂi@ﬂﬂﬂwaTﬁﬁﬂ NYUNHULASUINAY




Saamsei 3 n13eenUUUMINARDY NAIINYY
hmsungFueen LN Winguauie o
gangiiiuas
3.4 minageuAMaNTAITING

msnadeulsiaa (Tensile Test) thauanild
mnms%wﬁugﬂmmmmgm ASTM D638 9117w 5
Fuau de 1 msnaaes lavaieanaaey Baldwin
Universal Testing System il g o ¥ 94 25 0aa
eIy e

nIInadeUUsina lad (Bending Test) 101
GT;’mm‘17’;'l@afmﬂmiﬁﬂ%ugﬂmummgm ASTM
D790 $1u9u 5 Fusiuse 1 nisnaneslavinies
naaey WYKEHAM-FARRANCE e 10 du
3.5 msimnzdtuadacisunsuszdeuimema
Tllundanua

AndnvazurumunszgnUsnUYeiionazade
Funuiuawnszgngldai vinadurugudna
ang 3.5 Hadwas vt 1 Naawas Taglsunsunig
Apuiaei CAD/CAM funmsinuauiavesiag

UszawlaasendoziInd-nsaneduandn (Elastic
Modulus, Ratio, Mass
Tensile Strength, Yield Strength) Mvuanaauiia

Poisson’s Density,

vyoadiaq Tae'lUn Apply Material taoniiviua
Auanlaiagaleades (Custom defined) ¥i1n1s
" 9 v Y
Houmn lannmsmuiannFunuiiininanesiu
2 ) a
gUad1e Mesh lHunsuamTasimuasuinvowuod
d 1w a Aa o A
muamny 1 Hed wassmuadou lvvesdymnn
v ' ' '
fuanisoasuaiula 1dmaeunlaslddds
Fixture nduden Fixed Geometry iimsidengang
A q 92 A A Y o a
nng e luldruaundoun ndrdmuaianisves
a o Yy a o A Y v
usefinszin 89Bendnyagna lnmsauudiduie
A 9 dy (2 A o a o 1
Heaumnuaegln 3 vazmvuausinnsziiae
Y
FUNUNNY 600, 300 waz 150 UIau 819899103

° v o 4 o
ATUIUAIY ﬁnwu'ﬁmiﬁué’mamuuax"lﬁ'imuq

95

Engng.J.CMU.(2017) 24 (2)

ATLUNNUTIAUA) AIA1T1N 3 MuIummaey lag

a o o 3 a o2
aanmae Run Tisunsuagiimsainsiziasuau

v

sUn
U

o o AaA 9 o . .
nszgninlumnieedluanyuzve dorsiflexion,

a A o9 A 9 X .99
3 ﬂallﬂﬂ'lﬁlﬂﬂﬂ']ﬁﬁl!lLﬁ?ﬁﬂJanﬂ’lN'ﬂﬂ’nWUﬂ'ﬂﬁ

pronation [11]
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HAZFULI
Note Male Female
Distance of Fall (ft) 11 11
Velocity on Impact (ft/s) 26.62 26.62
Deceleration Distance (in) 12 12
Rate of Deceleration (ft/s?) 354 354
Weight (Ibf-force) 172 137
Force of Impact (Ibf-force) 1.892 1.513
Time (s) 0.8266 0.8266
Area of Impact (in%) 1/8 1/8
Pressure of Impact (Ibf/in?) | 15.136 12.100

d
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Minitab 117 1831uuumsnaassdanisieh 3

M0 4 LUUMINARBITIUNFNAUATLUIUMS

TsNAaRd PLA HA | Temp. | Press.
Y%owt | Y%wt °C MPa

1 90 10 165 5.5

2 90 10 165 6.5

3 90 10 185 5.5

4 90 10 185 6.5

5 85 15 165 5.5

6 85 15 165 6.5

7 85 15 185 5.5




U.WuUd 1a: A.I1&nana

M3197 4 (99) LUUMTNAABITIUNTUNUNTLUIUAT

s NAaedd PLA HA | Temp. | Press.
Yowt | Y%wt °C MPa

8 85 15 185 6.5

9 80 20 165 5.5

10 80 20 165 6.5

11 80 20 185 5.5

12 80 20 185 6.5

Naﬂ1§3!ﬂi13ﬁ!!ﬂﬂ‘ﬁ1ﬁﬂ\‘li'ﬂiﬂﬂﬂﬂﬂ
a L4 o .
1NNMIAATIEHaumMsannseldsunsy Minitab
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= a IR A
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Mmsehn 5 WﬂﬂﬁeJLﬂi13ﬁl!ﬂﬂ§1ﬂ@\iﬂﬁﬂﬂﬂ’t‘)ﬂ

Y1 Y2
Bl 0.6180 0.9762
B2 -0.3060 0.6842
B3 -0.2972 | -0.1767
B4 0.7123 -0.0357
BO 0 0
R? Statistic 0.9934 0.9734
F Statistic 49.8580 | 12.2117
P-Value for the full model 0.1036 0.2066
The estimated error 1.2881 0.6273
variance

A 1w = £
HUYLTiA Y1 Ao maaulsauveausaaaguay

"o o 5 &
Y2 ﬁﬂﬂ’]@]'\]Llﬂiﬂ'lll"’]]ﬂ\uljﬂﬂﬂiﬂQ‘]fu\i’]u

VAR 4 fsanadnlssangnislsznm
AMIEda Warswa1 R-Squared ﬂ'”lﬁﬂzﬁﬂ'ﬁ)ij
591919 0 - 1 TasmindaradnIndniieded 91nans1e
Y1 uarneat R-Squared i1y 0.9934 Fauonlfis
$11 dawalsdasy (X1:6msidiuves PLA , X2:
ans1aIuved HA, X3: quwgil, X4: u3siau)
d1u1snesulealuisaiu (Y: Ultimate Tensile
Strength) 1#5esaz 99.34 Tuaiuvesdutlsaw Y1
&uaaam R-Squared 1y 0.9734 Feuenliistd
1 asoase (X1:9asidauves PLA | X2:
ans1aIuved HA, X3: quwgil, X4: u353au)

amsnesureadnisain (Y: Ultimate Flexural
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@18 ¥991n91519909 Y1 Ha1 F-statistic im10v
49.8580 v93 Y2 a1 F—statistic tminy 12.2117
#in15an A Probability (F — statistic)
U eqe I 1
A1 Probability 11 u a1 P-value ¥ 93 F-
statistic A1 P-value 9z@03i08n1 o Afvuals 94
wansalfasanudgiunannnadulszansn
Uszanmatian luuanars longud Faa1 P-value
¥v99 Y1 wag Y2 many 0.1036 uaz 0.2066
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wanisa3isaunisniuiena (Regression
Equation)

mdulseansvestladen Idoinmsimszd
msannee vuvewluaunisviivienaneyld
aaae 111l
Tensile Strength = 0.6180PLA — 0.3060HA -
0.2972Temperature + 0.7123Pressure

Flexural Strength = 0.9762PLA + 0.6842HA —
0.1767Temperature — 0.0357Pressure
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d‘ ' =
M1319N 6 MNATDULTIAY

ms PLA HA | Temperature | Pressure Ultimate Ultimate _
owt owt oC MPa Tensile Tensile X Sd
Nnaaod Strength 1 Strength 2
1 90 10 165 5.5 40.71 44.71 42.71 | 2.83
2 90 10 165 6.5 N/A N/A - -
3 90 10 185 5.5 36.8 37.23 37.02 | 0.3
4 90 10 185 6.5 43.96 42.15 43.06 | 1.28
5 85 15 165 5.5 N/A N/A - -
6 85 15 165 6.5 N/A N/A - -
7 85 15 185 5.5 28.27 34.16 31.22 | 4.16
8 85 15 185 6.5 N/A N/A - -
9 80 20 165 5.5 N/A N/A - -
10 80 20 165 6.5 N/A N/A - -
11 80 20 185 55 23.65 32.32 2799 | 6.13
12 80 20 185 65 N/A N/A - -

Ay v = < 9
iﬂﬂf’n‘ﬂVlﬂiﬂﬂﬂﬁ'ﬂﬂﬁﬂ‘uuiﬁﬂﬁ]zmuVlﬂ’J'l

Fuamuvein1s naaesii PLA 90% HA 10%
Temperature 185°C Injection Pressure 65 bar
1A ndoveausansgegane 43.06 MPa uaz

Fusvesnisnaaesii PLA 80% HA 20%
Temperature 185°C Injection Pressure 55 bar

~ = =2 o
UAURAYLIIAIAITA

q

A

Ao 27.99 MPa uaza1u1350

[ o 4 T o
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Stress

Stress-Strain Curve

—o—Tensile 1
—m—Tensile 2
—#—Tensile 3

Tensile 4

—x—Tensile 5
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i PLA HA Temperature | Pressure Ultimate Ultimate _
ofwt owt oC MPa Flexural Flexural x sd
naao Strength 1 Strength 2
1 90 10 165 55 63.54 63.64 63.59 | 0.07
2 90 10 165 65 N/A N/A - -
3 90 10 185 55 61.66 59.1 60.38 | 1.81
4 90 10 185 65 55.28 64.12 59.70 | 6.25
5 85 15 165 55 N/A N/A - -
6 85 15 165 65 N/A N/A - -
7 85 15 185 55 60.94 54.95 57.95 | 4.24
8 85 15 185 65 N/A N/A - -
9 80 20 165 55 N/A N/A - -
10 80 20 165 65 N/A N/A - -
11 80 20 185 55 57.47 57.44 57.46 | 0.02
12 80 20 185 65 N/A N/A - -
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