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Abstract

Project Code : MRG4780081

Project Title : Production of Polypropylene Composites with Cattle Bone Based-

Hydroxyapatite as a Filler: a Possible Bone Replacement Material

Investigator : Assistant Professor Nitinat Suppakarn, Ph.D. School of Polymer Engineering,

Suranaree University of Technology
E-mail Address : nitinat@sut.ac.th
Project Period : July 1%, 2004 — June 30", 2006

Keywords : hydroxyapatite, cattle bones, composite, silane coupling agent

Cattle bones were prepared in a powder form and were characterized. Main
component in the bone powder was hydroxyapatite (HA : Cay(PO,4)s(OH),). Then, the powder
was used as a filler for producing polypropylene (PP) composites. Effect of filler contents on
physical properties of the polymer composites was investigated. Due to the good mechanical
properties as well as the high filler content with good dispersion, polypropylene composites
containing a 60% (w/w) of HA content was further studied. However, poor adhesion between
polymer matrix and filler was observed.

Effect of silane coupling agent on physical properties of polymer composites was
investigated. The results indicated that treating HA surface with a silane coupling agent
improved filler dispersion in polymer matrix, reduced water absorption of the composites, and
also enhanced adhesion between HA and PP. Types and contents of silane coupling agents
affected mechanical properties of the polymer composites. Nevertheless, treating HA surface
with a silane coupling agent did not affect some properties of the composites, e.g. viscosity,

thermal properties.
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Plasma Atomic Emission Spectrometer (ICP : Perkin EImer, PLASMa-1000)
m’maaummLﬂuwﬁﬂmaammz@ﬂ lag X-ray diffractometer (XRD : Siemens, D5005)
aIFaUAMIRKILINTBININIzgnlasld Pycnometer I nauwdudanas wazm

ALARIINNMFTNNINARES 3 939
mafaaammmﬂm‘g,ms«»'ma\‘w«‘iﬂs:@rﬂ(ﬂzflrfi”l,(«'f%f'aﬁLﬂﬁtzﬁuﬂuﬂ@m‘g,mm:uul,amja'ir

(Laser Particle Size Analyzer : Malvern, mastersizer2000) laglfinduainans

NIAIIVFAVANT AN AL INDaINDRININARAaNINER

A a
FUUANININUNIZLR

ATIFDLANGTHNNT AR (melt flow index, MF1) vaswad lnshanuazwad lnsnauaauln

falae lasLaIad Extrusion Plastometer (Kayenessmodel, 4004) ﬁaqm‘mq]ﬁ 200°C #hninna
2.16 kg uazlgiaanlunsnasy 360 Juf

ATFALANANNURAALAEW (Shear viscosity) NoaT1dan (shear rate) 619 lagld

e ladimasuuuuallaand (capillary rheometer: Kayeness, model D5052m) ﬁqmﬁgﬁ

200°C

1"



A v
FUUANINAINVIBW

pINNNFANLE2 (decomposition temperature, To) YDINOR LNTNAULAZWOR LNTNAUADN

IndaamasavlasiaIadnasiuniIuns (Thermal gravimetric analyzer: TA, model SDT 2960)

laglggammiliainuien 20°C/min T19gaunni 50°- 800(C Mmuldusssmalulasian lag
Iuﬂwsﬁﬂmm%\ﬁﬁmmlﬁqmugﬁaanUé’hﬁaqm%{]ﬁﬁmﬁfﬂmaomsé’aamaﬁmsmé"ﬂuu,ﬂm
uﬂnﬁq@

anwnyiiiasa(heat deflection temperature, HDT) YpINaBINTRAULATNER INTAALADY

Indaasiasaulas HDT Tester (Atlas Electric Devices, HDV-1) wagli@alauiduainanasin

anuTaulagltansimsliainudaun 120°C/h uazltising 455 kPa laguwaTunarauLas

Fnmnaseuiduluauanasgwdininasay ASTM D648

SNUALTING
FUUALTINAVBIND A INTAAUA N INRAEATIIROLNNFNTAANNNUABUIIAS  (tensile
property) &NUAANNNUGEANNIAIID (flexural property) AT FNLAAMUNUABLITINTZUNN
(izod impact property) %ﬁaa&aﬁ'iﬂamw,flumLcaaiuﬁvlﬁmnmsmaau%mmau'mnfaU 5
FUTRANUNUABUIIR (tensile property) UBITHITWNDR INTAAWLAZTHITUNOR LNTAA
upaNngarinnsnasadlasls universal testing machine (Instron, model 5565) 1% load cell 5
kN gauge length 80 mm Wazcrosshead speed 10 mm/min FIRTUNIATIVFOLAIANULTIL TS
faN1IAILAZAIANLATEA ru,Q@Lmﬂﬁ'ﬂ%umuwaﬁiwsﬁﬁumaauﬁazl crosshead speed 50
mm/min 1iasa1nwasd lwsiawliznaidianasaudieainusa 10 mm/min
gudanNuNudanIwlde (flexural property) POITUINUNDR I SRR ULAZ T U UNOR
Inshaunanlngarinnmaaadlasls universal testing machine lagldmInaaaduwuy three
point bending 1 support spand length 56 mm L&z crosshead speed 10 mm/min
FUUAANUNUADUIINTZUNN (izod impact property) POITUINUN DR TN SRR ULAZ TN
waRlnsAaunanIniarinninaaaslasld impact testing machine (Atlast, model BPI) 14013

NANBILUY izod impact lag/ livinTau I nURERIN (unnotched specimens)

FUUANIRIUIIUINEN

VT UITUNOR LN INA AN INFANNIBNIINAROLANUNUADLIIAI 1L ATIIROVUAY
thomnAnAninluusianiianisuansinaad lasld scanning electron microscope (SEM :
JEOL, JSM6400)
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mmmmmlumsg}@%ﬂﬁwaa%m’mwaaiwsﬁﬁuua:waﬁIWiﬁﬁuﬂaquamﬁﬁ
ﬂ%mmmvlamaﬂ%a:m"lm?@m 9 avvagaaniminfasuutsdly (ASTM D570-95) Tag
mmumummmﬂamﬂnwaa mm%unmﬂawuﬂaﬂﬂﬂﬂﬂ 1 1Juan 30 0 mauammm
VL@mnmsmmmasmnmmmmmammaﬂ 5 3% WAZHAIINNATUIZILIAINTUTUN B
Fuauia 30 Tuudn %umm:gﬂﬁﬂﬂﬂ@aauawﬁammwmiamdﬂsummﬂ‘%ﬁmﬁﬂuﬁu

= AN 0 Lo A A & a )
%ud’luﬂvl&lN’Mﬂ’]iLL‘EWmL@Iiﬂ&]"ll%I%ﬁﬂ’]’]:L@]El’Jﬂu

(% a” a v ~ & v wa
miﬂsuﬂ‘gawumwuwaaNo1amsansﬁazﬂﬁ1ﬂmﬂaﬂmsﬂ‘szmulmammmuu@m”m
=\ a
nMannzaINaAlnINaARAaNINE®
=4 dld ] wa a 6 a % a
AnenaTaIan Uz lmannidaguianiineniwaainadinasaaulngalasliwas
ad a n;d a = 6 n; A =1 1 U U
Insnauananlnganidsainmeslaasandazin indasn lagiianainuamsanu luaintnadn
ﬁwm”lamaﬂ%azmvlwﬁﬁvhiﬁLLa:ﬁmsﬂ%‘uﬂyﬁa‘wﬁﬂ@ﬂl"ﬁa’rﬁﬁszmuvlmauumnﬁ]-
saurfavasmyieritundnnguuininlasldinafia Attenuated Total Reflectance Fourier
Transform Infrared Spectroscopy (ATR FT-IR) (FTIR Spectrometer, Nicolet Magna 750) lagld
. -1 o & .
resolution 4 cm” 256 scans Wazl% Ge-coated KBr LI beam splitter
amﬂ'@mamslmwmaa‘waﬁstﬁﬁuaaqu%mawnm"laman%azmvlwﬁﬁmumiﬂ%'uﬂga
ﬂuﬁaﬁaﬂmii.li:muvlmangﬂ@iaaaaulmﬂ‘*ﬁm%mﬁaLLazama:mimaaoﬁsl"ﬁﬁ'ums
a Aad a A En; ' % dly a U
@mﬁlaauwaastwauﬂaqua@mﬂm"l,amaﬂsﬁazm"lmmvmmumiﬂiuﬂgawummUmi

U3z R LA
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UNN 3

Naﬂ’l‘i"nﬂaE]GLL&&%LQ‘S’]&ﬁNﬂﬂ’]‘JT]ﬂa Al

n’mm?ﬂwwafamanfazﬂﬂnﬁ{mnnsz@nﬁm(
mmfmm'%wm:gné’m’l,ﬁa%ilugﬂmau’é'ﬂﬂVL@TéT*Js_lmiﬁ’mi:gmml,ml,l,azmiﬂaflfﬁ
A . A a = A [ a A '
\@384 ball milling mngmmmwvlwama LHaanaFaus M IUWINGNlasLaIas SEM WUIINS
A a o AN a . af a ' @ .
mtzg]nﬂmevl,@ugﬂmmvl,uﬂﬂm (iregular shape) uwummaaamgmﬂﬂaumwmaﬂqu,a:agl,m:

V@ . A | & a [ P
NguNU (agglomeration) ¥MNNinNazagiuanninay? mua@ﬂugﬂﬂ 1

1&8-m
FZ.203 1Tnn

UM 1 ey SEM URAIFTAZIRINGNIVBININIZQN NNaIUEN8 (a) 2,000 ¥ Uaz

(b) 10,000 L¥in

sufinwmeanmasrslansanfasihindisasgsoinnsegndnd

?lu'](ﬂNdﬂszsﬂﬂal,ﬂsqzﬂq@ULﬂ%ad%Lﬂi’]:ﬁ'ﬂluq@a%ﬂqﬂizi_lﬂLalﬂia% WU ﬂﬂ;llaiéﬂ']ﬂ
a v & a a ' P 3
°l|8\‘1N\‘iﬂszﬂﬂuaﬂuq@]LﬁquuﬂuﬂﬂﬂqﬂL@oaﬂ 25 l,lm JANVUAWILWULAREY 3.14 g/cm

XRD pattern U8IHINTZANWAINIATA 1100°C uaedaazlfn 2 anmsienzilay

' A a L a < A o oA A
XRD WUl Nﬂﬂizﬂﬂ'ﬂl,(ﬂiﬂllmu&lﬂﬁﬁlwLﬂuwﬁﬂfﬂﬂ LLQZNQG&ﬂiZﬂBUﬂﬂﬂ e LLﬂﬂL‘UUﬁJVLa@'EBﬂ
lodwasmnea (calcium hydroxide phosphate, Ca;o(PO,)s(OH),) %32 laasandazihlng

(hydroxyl apatite)
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2-Theta-scale

311 2 XRD pattern 789KINTTYNAINTLHN 1100°C

u

]
a

nmaaneAmaniuasdisznavuazastud auﬁwulumngﬂi@ ﬂ"ﬁ"m%aa ICP

q
a [

(@390 1) wud wanszgnilasdsznaunan fe uaaiBuuuazWasna lasfidanaiulasly
f v . 2 o ] Aa . . . .
avasunaLTaNdanaawalIayinny 1.64 T9asnindn@ (Ca/P stoichiometric ratio 1.67) W&a3

lﬁLﬁuiwmmz@nLﬂumiﬂizﬂauvl,amaﬂ%azmvlmﬁ"nﬁ@ Ca-deficient structure

t:i' a 6 dly d'
M1329N 1 Ltamﬂimmmqaoﬂﬂi:nauLLazmiﬂuLﬂauﬂwulumm:gn

element composition (wt%)
Ca 38.073
P 17.985
Pb < 0.1 ppm
Cd < 0.3 ppm
Zn 0.19 ppm
Fe 0.21 ppm

= a 6 J a aa o 4 =&
ﬂ’)ﬂﬁ?ﬂ&lwaﬁL&IEJ5WQNTW3@)5$W'J’7\7WQRTW5W8%ﬂUNdZaﬂ58?’1%631/’)27’1@“3377152]%31/

2
Funagay
a 6 a 1 a ad A 6 = % dl'
WaaL&Jaiﬂaui‘wam:mnwaastwauLLazmvl,amaﬂsnazlhvl,mgﬂLmiﬂulmﬂimLﬂsaa

nautuumele aanlsnltlunidne fa USanaasnslaasandaziing wadivasaanlnga
' & ~ { ' v & ]
AasuuInazNUSu N leasandazin Indnuand19nwasus 20%, 40%, 50%. 60% Waz 70%

3’ L a 6 a o = J d' o o
Tagiinnnin waaLwasﬂawIwa@nﬂam';:azgﬂmvl,ﬂmmugﬂLwamvl,ﬂmnaauawmma

MY
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aniian1snIgnInzaswaaiNasnanlnge

- ANUGNNINYNITLE

L e A ' A oA Ao A \ a aa a
m@%umﬂ%a (MF1) ez 910U RWALDDUNDATLRD WA 9 TaﬂWﬂﬂIWiWﬂ%LLaZW@ﬂ

A a d' a a 6 e ai ai o o
stwauﬂawiwa@mﬂimmmvlamanmazmvlm@ma 9 LEAININTINNN 2 LLE‘I&E?J‘Y] 3 @1y

A:I 1 o a aa a Aad a d' a
AN 2 LRAIAIATINNT IVaTaINaR INTNABLRZ AR INTNARAau IWFaNUS U N laasan

Fozihlndensg
HA content (%, w/w) MFI (g/ 10 min)
0 8.0
20 8.2
40 6.5
50 6.2
60 3.4
70 3.1

PNATNITWLIT - MFI 2asnadlnsnauwnaulnfaiuwl litunazaadiasaanisng
Usunanslaasandazi Indlunafimwasaadlnge wazia1dinindgn MFI 2aInaf lwsNanys
Qst v & 1 a a a QI J AI a
gnd LRAIIFAKIN aNuniauaInadlwINannau IWRaaZIANNTRENNNITIANUS IS Laasan
A a & A A2 o o A A A Aad a
FazthIndluwodivasaaulnga  SixaaAdaInUAIANURIALSaUUDINAR INTNALLAZNAR LN
Aad a Aoz A 1 ﬁ A nl J dl' a A a 6
shanaaulndanaaBaunds 9  delledndniladTunmnelaasandezthindlunafiwas
Ao IWRALNNU mwamsmaaﬂugﬂ‘n 3

104
"-{’\ 0o
s 2y . o
o ==
< 1%+ I~ 2alo
%
g —_— Pure PP
> o | o 20% HA
§ 10 —_———— 40% HA
—_ b — = 50% HA
ﬁ _— . — 60% HA
_— 0 — 70%HA
101 I I L
100 10t 102 103 10%

Shear rate (1/9)

d. Qs @ € 1 A A o A a ad a a
E‘l.l‘ﬂ 3 fmwmmauwuﬁszmwmﬁwu@mauuazamwmaumaawaastwauuazwaastw

AunanlndandSunmnelaasandezih lnddrag
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A v
- RUUANNOINAIDY

1 a o a Aad a ad a dl =
maqmv.gmmym (Tq) °llﬂ\‘i‘WﬂﬂIWiWﬂ%LLﬂZWQRIWiWﬂ%ﬂE]SJI‘Wa@]ﬂﬂiu’]mwdvlﬁ@iaﬂ

Fozihndd9g uaasasansen 3 azfAulainmanudiinmnslaasandaziing inlvwed

IW‘EW%%@@&JIW&@I ﬁaqmmq]mm HAILNNY

l=l a 04 a ad a Aad a d' a
M13719N 3 LLﬁ@GQM%QNﬁﬂWEl(ﬂ'l"ﬂE’Jx‘]‘INBEIIW§WE‘1%LL§1$WaﬂI‘Wi‘WE\l%ﬂQNIWﬁ@lYlﬂ‘SNWMNGVLa@iaﬂ

Fozihlndensg
HA content (%, wiw) T, (°C)
0 466
20 467
40 467
50 469
60 473
70 480

faamninmsiiasa (HDT) YBITUINUNWOR LNTRAULAZTUINUNER INTRAURBN INFAT

YSanmndlaasandezihlndans 9 ugasasansen 4 asdulaindwnunadlnsiawaaulnga

1 a a d 1 : a =) g; 1 QI J =
ﬁlzﬁmqm%gumsumaﬁgomﬁmmwaaIWiwﬁu S’JSJV]\‘]'iIZﬁﬂ’]LW%J‘IJ%@HSJ‘.I.]?%J’]ELLNGVLS@iaﬂ

FazihIndluwadiuasaaulnga

AN 4 LLamqmﬁgﬁmsﬁmamaa%umuwaﬁ‘[wsﬂﬁmmz%umuwaﬁ‘[wsﬁﬁmaﬂw%mﬁ

Ysunawslaasandezinddneg

HA content (%, wiw) HDT (°C)
0 78 £1.0
20 81108
40 9102
50 104 + 1.7
60 117 £ 1.6
70 129 £ 1.0
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- ANNUNUALTIAY (tensile property)

d' ] % % , a 6 a n' J
n3UN 4 d1woaasVaILI (Young's modulus) YagnaRNasnau IWRALNNAUAINNTT
Lﬁuﬂ%mmmvlamaﬂ%azmvlﬂ@ﬂuwaaL;Ja§ﬂauiwamLLa:ﬁmgaﬂdﬁmua@ﬁmaaEl'waawaﬁ-

ad a LA o v K A P
IW?WG%Uiﬁ;ﬂﬁﬂa@liﬁﬂ"I{lﬁ LLINONNENIN T

20 1
< [ X
a [
Q 15 j
7]
=) [
3 i =
1.0 +
g [ R
QR8RS
X
n F $RXS
el r S0
S 0S¢ 555
S KR
> [ 35
0.0
0 40 70

HA content (%, w/w)

d. ' Qs 0 al ada al ad a A |a IS
E‘].I‘YI 4 mwa@;aa“naam*’uaowaaimwauu,azwaastwauﬂaquamwﬂsmmwﬂamaﬂmazm

Tnden g

ﬁ]’mgﬂﬁ 5 @ADL Th 3AA3N (yield strength) yainadinaiaaulniadidrdinin
3 a Aad = ‘ﬂl a a a
ANNLTILTI Th 9AATIN YAIWARIWINAY wazdeanadilatSunmuglaasandaziindlunad
Y Yo . - o A
wasnaulwFALANTWIN 20 % 111 50 % lassinnin SRsuTuIwwasiwasnanlnganingla
avanTaztn INAluUSuIMAILE 50 % lasiiinin aziaIaNUULTILTI D ﬁ;@m’m@iauﬁwmﬁ

35
30 ¢
25

20 7
15 | 3 —

10 ¢

Yield strength (M Pa)

0 20 40 50 60 70

HA content(%, w/w)

dl ' I a ad a ad a A a
EII‘YI 5 M NULVILIT Th Q@ﬂi’]ﬂ maawaaiwswauua:waastwauaaquawﬂammwﬂa

a 6 1
asandazihIndensg
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AANNLATLR Th 9AUANYN (elongation at break) vasnafiuainaulndaiiuw liuansd

auM ISR lsasandazin ndlunafwasaaulndauasididinindanueisa o

L a ad a LA o v ® A @ & P
@‘@1LL(?’Iﬂ'ﬁﬂ“llG\TWQ&IV\HWQ%USQW‘EV}ﬂ(ﬂi’mﬁilﬁl,lﬁ\‘iﬂ\‘wnﬂ’m% mua@ﬂugﬂw 6

400 |

375 | T

/,V

T

350~
75+

™)

50 |

Elongation at break (%)

25§— 7

0 [

/?

1

A

0 20

40

50

60

HA content (%, w/w)

70

d' 1 a a a ad a Aad a d' a
Elh’l 6 A1ANULATLA Th "?‘@Lmﬂ"ﬂﬂ °IJax‘l‘WaﬂI‘WTWE‘I‘HLLE‘KW?JE‘]I‘W‘JWR%@?JllIWﬁ@Wlﬂ‘ilJ']MNOVLE’I

asandazihndensg

\ = \ =2 . A & A A a X A a
ANAIVULTILIINBNIIAN (tensile strength) TﬂﬂwaﬂL3JaiﬂaﬂJIWﬁ@]Nﬂ'\LWQJT%LN@‘LI??JWM

ndlaavandazinIndlunafiwasnanlwdanuduain 20 % 1w 40 % lauiinwin & MSUTW

narauwadtlasnaulnganinglaavandozin IndlulSunmnuinnin 40 % lagtinwin azdan

= ) ] @ A o P
AITULLDIELINABDNNTINIA DUV @\‘]LL@@GI%E?JV] 7

20 [

S

=
a1
LI

Tensile strength (M Pa)
H
o
T

NIR
4N &
0 20 40 50 60 70

HA content (%, w/w)

‘:i ' = ' = a ad a ad a 4d;a
E'll'ﬂ 7 ﬂ']ﬂ’J’]ﬂJLlﬂNLlﬁ(‘l@]aﬂ’]i@]\ﬂ]aﬂWﬂﬂIWiWﬂuLLﬂ:WaaIWiWﬂuﬂawiwa@ﬂﬂiuqmwﬂ‘laﬂiaﬂ

Fozihlndeneg
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- anaunudanuladge (flexural property)

P ' = \ @ a & A A4 o
"ﬂqﬂgﬂqﬂ 8 ﬂqﬂ']’]NLLT\‘]Lij‘]@aﬂ'ﬁf[ﬂ\ﬁﬂﬂ (flexural strength) TaﬂWﬂﬂLNﬂiﬂﬂNIWﬁ(ﬂNﬂq@’]
U a =) ~a nf U 1 v
ﬂ')’]@nﬂ']']llLL%GLLSG@aﬂWSIﬂGGQTQGWﬂﬂIWiwauﬁJ‘iq‘ﬂﬁ LLazﬂ’]ﬂ'ﬂqﬁJLL%\TLL'S\T@]QﬂTSIﬂGGﬂTaGWQ

a 6 a = v dl' a = a 6 a A' J
awaseaulneduw lituaaasiadSununs laasandazin Indlunafwasnaulwdanudn

70
60 r

30 r
20 r

Flexural strength (M Pa)

0 20 40 50 60 70

HA content(%, w/w)

d. 1 3 1 U a ad a ada a dl a
sUf 8 ehanwudinssdenislavsevasnedlnsiausazwed insiduaanlndandinmmnsls

asanderiinddngg

1 g U =) = { QI J
Auagaauadn1Ilasia (flexural modulus) vaswaRiuainaulnga (UN 9) iRnTUMY
ﬂ’mﬁuﬂ’%mmm"lamaﬂ%a:m"lm@“luwaﬁLuas‘ﬂaqu%mLLazﬁmgaﬂdwﬁmaqé‘aﬂlaamﬂﬁdaa

a Aad a ns‘
VBINW ﬂﬂIWSWﬂ%‘Uiq‘ﬂ‘ﬁ

bH

1} N

Flexural modulus (GPa)
N
T

0 20 40 50 60 70

HA content (%, w/w)

d. U =3 £ a ada a aa a dl a
3un 9 m;ua@;aaﬂnaomﬂﬂaaamaowaaIWSwauu,azwaaIW'swauﬂauiwa@wﬂiwﬂmwavla@iaﬂ

Fozihlndensg
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- ﬂ’J"INﬁ’]ﬂJ'ﬁﬂl%ﬂ'ﬁ@WﬁJﬁﬂ RNUANNUNUGDULTINIZUNN (izod impact property) L

an ' A A ' o 7
FUUAANNNUGDULTINTe NN Fawias lnasnitaaduin
N3UN 10 usasliAni waﬁstﬂ‘é‘uﬂauiwﬁmmmm@@%’uﬁﬂﬁmﬂﬂﬁwaﬁIWiﬁ-

~ A £ o & aA & A ~ A

E‘I%Uiqﬂﬁ LLazmwumm‘mlumi@@ﬂjumauwwumm.limmm"l,amaﬂsﬁazmvlﬂ@“luwaa
6 a da &

LNB?ﬂBﬂJIWﬁ@]‘ﬂLWNﬂJ%

10

Water uptake(%, w)

HA content(%, w)

Ad. 1 o :/ a ada a Aad a n‘ 2
E‘ll‘ﬂ 10 ﬂ?ﬂ??ﬂﬁﬁwqiﬂluﬂﬂiﬂﬂﬁﬁﬂu’mﬂ\‘]‘WE]E‘]IW?W&%LLE‘]ZWBQIWTWR%ﬂBNIWﬁ@]ﬂﬂﬂJ’]m

W lgatandezi ndad g

{ { ) LN 1 : a ) ) Q(
lugﬂﬁ 11 HaNNINFNTAANNNUADLIINTZUNNY awmmwaa‘[wswﬁumqm
Lﬂ'%amLﬁﬂuﬁ'u%umuwaﬁIWiﬁﬁuﬂamiwﬁmluamazriaums@@sﬁ‘uﬁ’] LWUINAMNNUGA LTI
a =) 1 QI 1 1 =) =) ) :ﬁf
ﬂizLmﬂ*’naowaama%auiwamﬁmmmmmwumaLLsaﬂssznmaawaastw‘é‘umqumzﬁ

v dl a =) a 6 a nl J
uwm ltuaaaslatSunund laasandazi Indlunafinasaau INGFaLNLAY

90
N‘E 30 k Ealn —— Before water absorption
i » rzzzza After water absorption
= 70F %%
B | X I
5 30+
8 20t
o L
E 10+ % %

0 E

0 20 40 50 60 70

HA content (%, w/w)

Ad. 1 1 a Aad a Aad a dl =
E‘ll‘ﬂ 11 ﬂ’]ﬂ’.]’]ll‘ﬂ%@]E]LLix‘mizLL“ﬂﬂ"UE]\‘]WﬂﬂIWiWﬂ%LLﬂZWE]ESIWTWE\]‘H@E]NIWﬁ@W]‘LhN’]f%NGVLE’I

a & . : o
asandazihndens g lugnziauuasnasusin
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LW . & [, 4
agi9 hsnenal INMITATIVANUNUGA AL TINTZWNNYDITWNARDUN LTI T 8149
a ) =) A€ 1 1 1 a a {

LAUNLIN waastwﬁuUiqﬂﬁﬁﬂﬂﬂawuwumaLLsdﬂiszﬂa@aa fuwnadluasnaulngani

YSuawglaasandazihng 20 % waz 40 % lagiiinin JA1aNunudaLsInTzunnansd (Aa
I o @ 2 a & o A o ] ' ~

W 2 % uaz 1 % aus19L) TAAIUIaFIBNEINIIAINNUNWGADLIINIZUNNNAAIVEINE

a ad a Af a & 1 a 6 a dlnl a = 63; ]

aIW5wauUiqﬂﬁ @adlu 10 %) sauweRwasnanlndaniusuanelaasendazih lndasue

50 % D9 70 % lagiinnin @NenunkaanIInIzunAnadInLtiiwian 1 teanduwi ity

~ J % Aa & o @
WANAnLaNay (Aatdu 1 %, 1 % uaz 5 % aus1aL)

= [ % a d'n o o ] a 6 o Aa 6
- ﬂ’ﬁﬂﬂ‘l&ﬂiﬂidﬁi’]dﬁfﬂﬁ’]%’)'ﬂ HINNIRUNRIZAINI Ndiﬁ@]iﬂﬂ‘ﬁﬂ:ﬂ’]‘l‘ﬂ(ﬂﬂ‘ﬂwaaL&lai

NNMIATIIRAUAUIWINEVINeRuaThounFalasld SEM amagiuiuTiamin
LAANIILANRNUBITUNAFO LN IWTNARAaN InFaNTNI baasandazilng 60 % lawsiivnn
@ ' ' =< o A ' A &
PHIINEUMINAFELANNNUAdBUTIRY dausadlugd 12 wudr welaasenFezihlnddnig
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EFFECT OF FILLER CONTENT ON MECHANICAL PROPERTIES OF CATTLE
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Abstract: Hydroxyapatite (HA)-polypropylene (PP) composites containing various HA
contents were produced using HA powders prepared from cattle bones. An increase in HA
content leads to an increase in Young’s modulus, flexural modulus, and tensile strength of
HA-PP composites with a simultaneous reduction in elongation at break. Increasing HA
content results in decreasing impact strength of the composites of both dry and wet states.
However, the composites in the wet state with a HA content beyond 40 % have higher impact
strength in comparison with those in dry state with the same HA content.

Introduction: Hydroxyapatite (HA: Cajq (PO4)s(OH),) is a bio-active material that also has
good biocompatibility, non-toxicity and an ability of promoting bone growth and conjoining
with human bone [1-3]. HA can be synthetically prepared or derived from natural sources,
e.g. coral, cattle bone [4]. Due to its structural similarity to the main mineral phase of
mammalian bones, HA has been widely used in various medical applications such as
orthopedic and maxillofacial applications [5-6]. HA-polymer composites, as a bone
substitute, have become interesting approaches for many research groups because of the
flexibility in tailoring properties of the composites, e.g. varying types of polymer matrix and
filler [7-10]. Nevertheless, those attempts have focused on using synthetic hydroxyapatite, as
fillers, in various polymer systems. As another approach of making HA-polymer composites,
this research aims to produce HA particles from cattle bone, which is a natural and less
expensive source for producing HA, and to investigate effect of filler content on the
mechanical properties of HA-PP composites.

Methodology: Cattle bones were purchased from Limeiseng Co., Nakhonratchasima. The
bones were burned in open air. After that they were ground into powders, called HA, using a
ball milling machine. The received powders, then, were heat treated at 1100 °C. A Siemens
X-ray diffractometer (model D5005) and a scanning electron microscope, SEM, (model
JSM6400) were employed to reveal properties of prepared HA powders. A commercial grade
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PP (700J), purchased from Thai Polypropylene Co., Ltd., was mixed with HA powders using
various % (by weight) of HA in an internal mixer (model Hakke Rheomix Polylab) at 170°C
with a rotor speed of 50 rpm for 13 minutes. A Chuan Lih Fa injection machine (model CLF
80T) was used to prepare composite specimens with a melt temperature of 200°C and a mold
temperature of 25°C. Tensile properties of HA-PP composites were examined using an
Instron universal testing machine (model 5565) with a load cell of 5 kN, a cross-head speed
of 10 mm/min. Tensile properties of PP were obtained using a test speed of 50 mm/min
because PP specimen does not break at a speed of 10 mm/min. Also, flexural tests of HA-PP
composites were carried out using a three point bending mode of the universal testing
machine with a cross-head speed of 10 mm/min. and a support span length of 56 mm.
Composite specimens for impact testing were prepared in dry state and wet state. For wet
state, HA-PP composites were immersed in water at room temperature for 30 days before
testing impact properties. Izod impact tests were performed on unnotched composites using
an Atlas impact testing machine (model BPI).

Results, Discussion, and Conclusions: XRD pattern in Figure 1 reveals that powders
prepared from cattle bones are mainly composed of HA. SEM micrographs of the prepared
powders in Figure 2 suggest that HA powders are highly agglomerated. Tensile strength of
HA-PP composites increases to the maximum value when HA content in the composite
increases to 40 % (Figure 3). However, the composite strength remains unchanged with
further addition of HA. Elongation at break of the composites increases when HA content
increases to 40 % as seen in Figure 4. Nevertheless, the composites with a HA content
beyond 40 % exhibit considerably lower elongation at break, ie. lower ductility of the
composites. From Figure 5-6, Young’s modulus and flexural modulus of the composites
significantly increase with increasing HA content. This indicates the high HA content
enhances the stiffness of the composites. Impact strength of HA-PP composites in both dry
and wet states are shown in Figure 7. Impact strength of HA-PP composites is lower than that
of PP specimens. Increasing HA content results in decreasing impact strength of the
composites of both dry and wet states. However, with increasing HA content, the impact
strength of the composites in the dry state drops more rapidly compared to that of the
composites in wet state. Additionally, the composites in the wet state with a HA content
above 40 % have higher impact strength in comparison with those in dry state with the same
HA content. This may be because water absorbed on HA surface acts as a plasticizer for the
composites and then leads to an increase in toughness of the composites.
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References:

[1] T. Furukawa, et.al., J. Biomed. Mater. Res., 50(3), 410, 2000.
[2] T.N. Opara, et.al., J. Mater. Sci.: Mater.in Med., 14(3), 277, 2003.
[3] T. Kasuga, et.al., Biomaterials, 22(1), 19, 2001.

[4] G. Goller, et.al., Mater. Letters, 58, 2599, 2004.

[5] L.Hench, J. Am. Ceram. Soc., 74, 1487, 1991.

[6] W. Suchanek and M. Yopshimura, J. Mater. Res., 13,94, 1998.
[7] W. Bonfield, et.al., Biomaterials, 2,185,1981.

[8] M.S. Abu Bakar, et.al., Mater. Sci. Eng. A, 345, 55, 2003.

[9] M. Wang, Biomaterials, 24, 2133, 2003.

[10] I. Espigares, et.al., Biomaterials, 23, 1883, 2002.

31st Congress on Science and Technology of Thailand at Suranaree University of Technology, 18 — 20 October 2005



Keywords: polymer composite, hydroxyapatite, mechanical properties, filler content

kil

Figure 1 XRD pattern of cattle  Figure 2 SEM micrographs of cattle bone based HA at

bone based HA (a) low and (b) high magnifications
20 400
% s b § % 375 | %
5 S
;En 10 f \ g 3?,2:]: =
é s F § % 50 F
B 0 § @ 1; % % =
0 50 60 70 0 20 40 50 60 70

HA content (%, w/w) HA content (%, wiw)

Figure 3 Tensile strength of HA-PP Figure 4 Elongation at break of HA-PP
CompOSIteS at various HA contents com posites at Various HA contents

Y oung's modulus (GPa)

Flexural modulus (GPa)

70

HA content (%, w/w)
Figure 5 Young’s modulus of HA-PP
composites at various HA contents

HA content (%, wiw)

Figure 6 Flexural modulus of HA-PP
composites at various HA contents

90
= dry state

" 8O ezzzn wel state
2
= 10}
|
£ = 2 _[ =
& 30f AR =
§ 20 | = )
i e

i] A 41 7

0 20 40 50 60 70

HA content (%, wiw)

Figure 7 Impact strength of HA-PP
composites at various HA contents

31st Congress on Science and Technology of Thailand at Suranaree University of Technology, 18 — 20 October 2005



Keywords: polymer composite, hydroxyapatite, mechanical properties, filler content

kil

Figure 1 XRD pattern of cattle  Figure 2 SEM micrographs of cattle bone based HA at

bone based HA (a) low and (b) high magnifications
20 400
% s b § % 375 | %
5 S
;En 10 f \ g 3?,2:]: =
é s F § % 50 F
B 0 § @ 1; % % =
0 50 60 70 0 20 40 50 60 70

HA content (%, w/w) HA content (%, wiw)

Figure 3 Tensile strength of HA-PP Figure 4 Elongation at break of HA-PP
CompOSIteS at various HA contents com posites at Various HA contents

Y oung's modulus (GPa)

Flexural modulus (GPa)

70

HA content (%, w/w)
Figure 5 Young’s modulus of HA-PP
composites at various HA contents

HA content (%, wiw)

Figure 6 Flexural modulus of HA-PP
composites at various HA contents

90
= dry state

" 8O ezzzn wel state
2
= 10}
|
£ = 2 _[ =
& 30f AR =
§ 20 | = )
i e

i] A 41 7

0 20 40 50 60 70

HA content (%, wiw)

Figure 7 Impact strength of HA-PP
composites at various HA contents

31st Congress on Science and Technology of Thailand at Suranaree University of Technology, 18 — 20 October 2005



POLYMER DIVISION
Australasian Society for Biomaterials Royal Australian Chemical Institute

. .
sake § '.".:.’.' ‘11":
Sk iy X
S b g
e _.‘.,_.‘ Ik‘ =
g TS i
TE r,--_-j-'*-"'""-*" J
£ T

| #_; 28th Australasian Polymer Symposium
-~ &Australasian Society for Biomaterials
16th Annual Conference

5-9 February, 2006
Rotorua, New Zealand

PROCEEDINGS

ISBN: 0-9756825-4-7




P27

Effect of Water Absorption and Silane coupling agent on Tensile Properties of
Hydroxyapatite/PP Composites

N. Suppakarn', S. Sanmaung', Y. Ruksakulpiwat', W. Sutapun',
C. Lorprayoon' and S. Ekgasit®
'Institute of Engineering, Suranaree University of Technology, Nakhonratchasima 30000,
’Department of Chemistry, Faculty of Science, Chulalongkorn University, Bangkok 10330,
Thailand. E-mail address: nitinat@sut.ac.th

Summary

Cattle-bone based hydroxyapatite (HA) powders were prepared and used to
manufacture HA/polypropylene composites containing various HA contents.  Water
absorption of the composites slightly increased with increasing HA contents. Absorbed water
reduced tensile strength and Young’s modulus, but increased elongation at break of the
composites. Treating HA surface with a silane coupling agent can reduce water uptake and
enhance mechanical properties of HA/PP composites.
Introduction

Hydroxyapatite (HA: Ca;o(PO4)s(OH),) can be synthetically prepared or derived from
natural sources, e.g. coral, cattle bone.! HA/polymer composites, as a bone substitute, have
become interesting approaches for many research groups because of the flexibility in tailoring
properties of the composites.”* However, one important variable in using those polymer
composites for all applications in the body is water uptake behaviour of the used materials
since absorbed water may have both detrimental and beneficial effects on properties of the
material. So, this research aims to use natural HA prepared from cattle bone for producing PP
composites and to investigate effect of water absorption on the mechanical properties of
HA/PP composites.
Methodology

Cattle bones were bumned in open air and ground into powders, called HA, using a
ball milling machine. One portion of HA powders was further treated with vinyltriethoxy
silane. To prepare HA/PP composites, polypropylene (PP) was mixed with HA powders in an
internal mixer. The compounding variables were filler contents, i.e. 20-60 % (w/w), and filler
surface treatment, ie. untreated HA and silane-treated HA. Composite specimens were
prepared using an injection molding machine. Tensile properties of HA/PP composites were
examined using an Instron universal testing machine with a load cell of 5 kN and a cross-
head speed of 10 mm/min. Since PP specimen does not break at the tést speed of 10 mm/min,
tensile properties of PP at the test speed of 50 mm/min was used to relatively compare to
those of HA/PP composites. For water uptake measurement, HA/PP composite specimens
were immersed in distilled water at room temperature for 30 days. Then the specimens were
dried and weighed. Each obtained data represented an averaged value of five specimens.
After water immersion period, the specimens were mechanical tested and the properties were
compared with those of specimens without water absorption.
Results, Discussion and Conclusions

Fig. 1 shows water uptake of untreated HA/PP composites at various HA contents in
comparison with that of silane-treated HA/PP composites. Water absorption of the
composites slightly increased with increasing HA content. With the equal filler content, water
uptake of silane-treated HA/PP composites was less than that of untreated HA/PP
composites. This means that water absorption characteristic of HA/PP composites can be
modified by treating HA surface with a silane coupling agent, i.e. vinyltriethoxy silane.

Fig. 2-4 illustrate effect of water absorption and HA surface treatment on Young's
modulus, tensile strength, and elongation at break of HA/PP composites containing various
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HA contents. Young's modulus of the composites increased with increasing HA content.
Tensile strength and elongation at break of HA/PP composites showed maximum values at 40
o, of HA content. Silane-treated HA/PP composites had lower elongation at break, higher
young’s modulus and higher tensile strength than those of untreated composites of the same
HA content (60% w/w). This suggess that silane coupling agent improves interfacial
interaction leading to an increase in efficiency of stress transfer between filler and matrix.

After immering in distilled water, Young’s modulus and tensile strength of all types
of HA/PP composites tended to decline. On the other hand, an increase in elongation at break
of the composites was observed after water immersion. The results indicated that absorbed
water acts mainly as a plasticizer leading to improvement of ductility of the composites.

However, Young’s modulus and tensile strength of the silane-treated HA/PP
composites after water absorption remained higher than those of untreated HA/PP composites
of the same filler content. This may be because treating the HA surface with silane coupling
agent improve interfacial adhesion between HA and PP matrix; therefore water uptake of the
composites decreased. Then, the retention of tensile properties of treated HA/PP composites
after water aging were higher than those of untreated HA/PP composites.
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Abstract

Cattle bone-based hydroxyapatite (HA) powders were
prepared. Two types of silane coupling agents, ie.
vinyltriethoxysilane (VTES) and 3-methacryloxypropyl-
trimethoxysilane (MPTS) were used to modify the HA
surface. Untreated HA powders and silane-treated HA
powders ‘were utilized to produce HA/polypropylene (PP)
composites containing a 60% (w/w) of HA content. Effect
of types and contents of silane coupling agents on
mechanical and morphological properties of HA/PP
composites were investigated. The results indicated that
treating HA surface with a silane coupling agent enhanced
tensile strength and Young's modulus while reduced
impact strength and flexural strength of the composites.
Among various HA treating conditions, 2%-MPTS-treated
HA provided the highest improvement of tensile strength
and stiffness of HA/PP composites.

Introduction

{lydroxyapatite (HA: Ca o (PO4)s(OH),) is a bio-active
material that has good biocompatibility, non-toxicity and
an ability of promoting bone growth and conjoining with
human bone [1-4]. HA can be synthetically prepared or
derived from natural sources, e.g. coral, cattle bone [5].
Due to its structural similarity to the main mineral phase of
mammalian bones, HA has been widely used in various
medical applications such as orthopedic and maxillofacial
applications [6-7]. HA/polymer composites, as a bone
substitute, have become interesting approaches for many
research groups because of the flexibility in tailoring
properties of the composites, e.g. by varying types of
polymer matrix and/or by filler modification [8-11].
Nevertheless, most of the attempts have focused on using
synthetic hydroxyapatite, as a filler, in various polymer
systeimns.

Several efforts have been done to produce HA
particles from cattle bone, which is a natural and less
expensive source for producing HA [12-13]. As another
approach of utilizing natural HA, our previous work
emphasized on effect of HA loading on mechanical
properties of HA/PP composites [14]. Since mechanical
performance of these composites could be enhanced by

several means, the present work aims to modify surface of
cattle bone-based HA using silane coupling agents and to
investigate effect of types and contents of the coupling
agents on mechanical and morphological properties of
HA/PP composites.

.

Experimental Procedure

Materials

Cattle bones were purchased from Limeiseng
company, Nakhon Ratchasima. A commercial grade of
polypropylene (PP700)) was purchased from Thai
Polypropylene Co., Ltd. Two silane coupling agents,
vinyltriethoxysilane (VTES) and 3-methacryloxypropyl-
trimethoxysilane (MPTS) were purchased from GE
Silicones Co., Ltd. and from Sigma-Aldrich Co.Ltd.,
respectively.

Preparation of HA Powders

To prepare HA powders, cattle bones were burned in
open air to remove organic components. After that they
were ground into powders using a ball milling machine.
The obtained powders were, then, heat-treated at 1100 °C
for 45 min.

Modification of HA surface was done using two types
of silane coupling agents, i.e. VTES and MPTS. VTES
was hydrolyzed in distilled water (pH =3.5). The amounts
of VTES used were 0.5, 1.0, 2.0, and 5.0% based on
weight of HA powders. On the other hand, MPTS was
hydrolyzed in a mixture of ethanol and distilled water
(30:70). The amounts of MPTS used were 2.0% based on
weight of HA powders. HA powders were immersed in
either of the silane solutions and left under agitation at
room temperature for 3 hours. After that the powders were
washed by acidified water, for VTES-treated HA, or a
ethanol-water mixture, for MPTS-treated HA and dried at
80°C overnight in an oven before use.

Preparation of HA/PP Composites

To prepare HA/PP Composites, untreated HA powders
or silane-treated HA powders were mixed with PP in an
internal mixer (model Haake Rheomix Polylab) at 170°C
with a rotor speed of 50 rpm for 13 minutes. The HA
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content in each composite sample was kept constant at 60
% by weight according to our previous work [14]. The
compounds were granulated. The composite specimens
were prepared in a Chuan Lih Fa injection machine (model
CLF 80T) using a melt temperature of 200°C, a mold
temperature of 25°C, an injection speed of 12 mm/sec, an
injection pressure of 1260 kg/cm’, and a holding pressure
of 1400 kg/em’.

Material Characterization
Mechanical properties

Mechanical properties of HA/PP composites were
evaluated by tensile, flexural, and impact measurements.
Data were obtained by averaging over at least five
specimens.

Tensile properties of HA/PP composites were
examined using an Instron universal testing machine
(model 5565) with a load cell of 5 kN, a crosshead speed
of 10 mm/min. and a gauge length of 80 mm. Since PP
specimen does not break at the test speed of 10 mm/min,
tensile properties of PP at the test speed of 50 mm/min was
used to relatively compare to those of HA/PP composites.

Flexural properties of HA/PP composites were
performed using a three point bending mode of the
universal testing machine with a cross head speed of 10
mm/min. and a support span length of 56 mm.

Izod impact tests were performed on unnotched
HA/PP composites using an Atlas impact testing machine
(model BPI).

Morphological properties

A scanning electron microscope, SEM, (model
JSM6400) was employed to examine tensile fracture
surface of HA/PP composites.

Results and Discussion

Mechanical properties

Tensile properties of HA/PP composites as a function
of types and contents of silane coupling agents were
illustrated in Figure 1 — Figure 3. Tensile strength of
untreated HA/PP composites and silane-treated HA/PP
composites as shown in Figure 1 indicated that both
VTES-treated HA and MPTS-treated HA can enhance
tensile strength of the composites. Between two types of
silane, the composites with 2%-MPTS-treated HA
exhibited higher tensile strength than those containing
VTES-treated HA. For HA treated at different contents of
VTES, the maximum tensile strength was observed in the
composites prepared from HA treated with 0.5% of VTES
content, while those prepared from HA treated with higher
VTES contents, i.e. 1%, 2% and 5%, possessed similar
strength values.

Figure 2 shows that Young’s modulus of silane-treated
HA/PP composites was higher than that of untreated
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HA/PP composite. The composites containing HA treated
at various contents of VTES exhibited comparable values
of the Young’s modulus. In comparison between two types
of silane, 2%-MPTS-treated HA/PP composites exhibited
higher modulus than those composites containing VTES-
treated HA.

In Figure 3, untreated HA/PP composite had the
highest elongation at break comparing to VTES-treated
HA/PP and MPTS-treated HA/PP composites. The
composites containing 0.5%-VTES-treated HA possessed
similar elongation at break as those containing 2%-MPTS-
treated HA. However, the elongation at break of the
composite containing VTES-treated HA slightly increased
with increasing VTES content.

Figure 4 presents flexural strength of HA/PP
composites as a function of types and contents of silane
coupling agents. Flexural strength of PP was higher than
that of untreated HA/PP composites. The decrease in
flexural strength was further observed in the composites
containing silane-treated HA. However, the flexural
strength of VTES-treated HA/PP composites was relatively
similar to that of MPTS-treated HA/PP composites.

As shown in Figure 5, Impact strength of PP was
higher than that of untreated HA/PP composite. Treating
HA surface with a silane coupling agent lowered the
impact strength of the HA/PP composites comparing to
that of untreated HA/PP composite. The composites
containing VTES-treated HA had similar impact strength
to that containing MPTS-treated HA. Thus, modification
HA surface by varying silane contents or changing types
silane revealed similar effect on the flexural strength and
impact strength of the composites.

Morphological properties

SEM micrographs of tensile fracture surface of
untreated HA/PP composites and silane-treated HA/PP
composites are shown in Figure 6 —Figure 7. As seen in
Figure 6, discrete agglomerates of HA powders were
distinctly observed in both untreated HA/PP composite and
silane-treated HA/PP  composites. However, the
composites containing silane-treated HA showed smaller
sizes and better distribution of agglomerates compared to
that containing untreated HA.

SEM micrographs of HA/PP composites in Figure 7
presents interfaces between HA and PP. A gap between the
two phases was obviously noticeable at the HA-PP
interface of the untreated HA/PP composite (Figure 7 (a)).
This indicated that there was no adhesion between HA
surface and PP matrix. On the other hand, the gap at HA-
PP interface became smaller for the composite prepared
from HA treated with 0.5% of VTES content. Polymer
fibrils attached to HA surface were also observed.
Moreover, the evidence of polymer fibril formation and the
disappearance of gaps at HA-PP interfaces were also seen
in the composites containing either 2%-VTES-treated HA
or 2%-MPTS-treated HA.  This implied that treating HA
surface with a silane coupling agent can improve HA-PP



interfacial adhesion. In addition, SEM information was
consistent with the enhancement of tensile strength and
stiffness of silane-treated HA/PP composites.

Conclusions

Treating HA surface with silane coupling agents
enhanced tensile strength and Young's modulus while
reduced impact strength and flexural strength of HA/PP
composites. The coupling agents reduced agglomeration of
HA powders and improved interaction at HA-PP interface.
Between two types of silane, MPTS-treated HA provided
better improvement of tensile strength and stiffness of the
HA/PP composites. At various contents of VTES, treating
HA with 0.5% of VTES gave the maximum tensile
strength of VTES-treated HA/PP composites.
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Figure 1 Tensile strength of: PP, HA/PP composites

containing VTES-treated HA at 0,05, 1, 2 and 5

% of VTES contents, and HA/PP composites

containing 2%MPTS-treated HA
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Figure 2 Young's modulus of: PP, HA/PP composites
containing VTES-treated HA at 0,0.5, 1, 2 and §
% of VTES contents, and HA/PP composites
containing 2%MPT S-treated HA
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Figure 3 Elongation at break of: PP, HA/PP composites
containing VTES-treated HA at 0, 0.5, 1,2 and 5
% of VTES contents, and HA/PP composites
containing 2%MPTS-treated HA
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Figure 6 SEM micrographs of tensile fracture surface of HA/PP composites containing: (a) untreated HA (b) 0.5%-VTES-
treated HA (c) 2%-VTES-treated HA and (d) 2%-MPTS-treated HA
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Figure 7 SEM micrographs at HA-PP interface of HA/PP composites containing: (a) untreated HA (b) 0.5%-VTES-treated
HA (c) 2%-VTES-treated HA and (d) 2%-MPTS-treated HA
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