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Abstract

It is well known that hydroxyapatite(HAP) has excellent properties as a biomaterial because of
its biocompatibity and bioactivity. The dense and porous ones are produced by conventional ceramic
methods. In this study, porous HAP will -be prepared through glass route based on the idea of phase
separation, expecting stronger preducts.

Firstly, the HAP-Borax system is selected. If the mixtures exhibit phase separation phases
with three dimentional interconnected structure ét‘ HAP rich phase and Borax rich phases, the latter
one will be leached away by acid to produce porous HAP. In the experiment, it is found that HAP-
Borax system do not form glass, HAP crystal do not decompose when mix with Borax and a three
dimentional interconnected porous HAP cannot be prepared.

The second trial is the preparation porous HAP via composite route by mixing HAP and a
phase separable boro-silicate glass with additional CaCO, as a foaming agent. After sintering, futher
heat treatment and subsequently acid leaching, a porous HAP/glass composite containing HAP phase
and a minor phase of B-Ca2P207 is obtained. This material consists of large, medium and small pores.
These pores are interconnected to each other. However, this material is not very strong.

The final study is to investigate phase separation and crystallization in the CaO-P,0,-B,0,-
Na,0-Al,0,-Si0, system of glasses. AlL,O; and SiO, are added to increase the viscosity of the melt and
improve chemical durability. Numbers of glass batches are melted, quenched, heat treated and acid
leached. DTA, Dilatometer, SEM..and XRD are used for analysis. The phase separation and
crystalization take place in the compositions containing (CaO+P,0;) range from 50 to 73 mole% .
AlPO,, B-Ca3(PO4) and B‘Ca:,_PZO7 crystals are observed but no porous glass-ceramic is obtained.
However, by controlling (CaO+P205) mole% in addition to heat treatment, a glass-ceramic containing
a large amount and a large size of B-CazPZO7 crystals can be produced. This glass-ceramic is a

biomaterial and exhibits a good machinability.
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wsdnanszuy lndoweenlyd-unaFousenled-lnmiloueen led-WeaneSnoon o (Na,0-
CaO-TiO,-P,0,) ”1¢’1’§mmﬁﬁwﬁﬂ yiiaudr-unadoynlswedda (B-caP,0,) safuninuna-

b4 + .
@ow Tnndleuradma (CaTi,(PO,), dunsodauazone Fuaumunssasnsna ldwuduy

1.5 Calcium Pyrophosphate tag n13ag3uiulusame
Toth, Lynch t1a¢ Devine™ (1995) anigomim ldswanuasu 13 msflalaqgeara q fu
ueavh-unaifon Inlsweada iwi-unadou InTsweamayiladia uazms1¥lensend ozw Ind
sy wir-lasunadouemvla agelmitanmsadienszqnini (Osteoinduction) Fad
msfnegueutianisegsiulusane (Biocompatibility) vewnadeuroama wuild
aaautd liduiy T bhdanssnuvas 1o aunsoegswdusuneidededidn
aqu1da uﬂmc‘?mwlamwmmﬂﬁﬂﬁqmﬁuﬁﬁaés’mﬁnmﬂwﬁsﬁﬁ dludaqldedfizn

Tus1ame(Bioactive) Frevih Idifiamsadrenszgnlni(Osteoinduction) azilasasuiio 14

9/ z k' d o as
1.6 Y9ANAULDINUUDINTTIDY
a o dy ad o . . =Y ld.d b
Tasens39ut ¥81@U0ITNITHI Calcium phosphate glass - ceramics yialvuni Inssade
a 1 A8 w =t o Yy 3] 1 v t o
YHIWITH AAADINNU mjmmmzmsﬂsxmfmmvﬂu"lﬂ UADTUUUNI uni‘]nﬂmwmm"lmmuﬂ

3 £ 3
ypruauausosuthminlduniu vazliguauld «Bioactive”

1.7 yailszasAvediniimside
1. #nvanuilu ) Idvesmsinana-asiiin silanguanmsuenla lussuy cao-
P,0,-B,0,-Na,0

2. M Faq1)sznouszn I Hydroxyapatite 1azuia Borosilicate StiAWgu



3. Wnana-siiin sinmsueamaluszuuiill ca0-p,0,-B,0,-Na,0 Winasfilsznoundn

1.8 YDUIUAVYDINITIVY

1.

=y
1.9 s¥tUsU

= ¥ ° a a
asnmanuduldidvesmsinma-asiin - slenguninmsusnaluszuy
14

Ca0-P,0,-B,0,-Na,0 1avld Ca (PO,),(OH), 8¢ Borax (Na,B,0,.10H,0) 111iy
msiTaqiialseneusening Hydroxyapatite tazuda siianguld uda boro-silicate
nanaa-silin vinmsueaaluszuufil  Ca0-P,0,-B,0,Na,0  iifused
Usznounan ua/M3e iueaAlsEnaudU 15U Si0,, ALO,, Zr0, e IMuduadusuas
a 2 Y

ifansanaanla

asla o

157398

@AUN 1 LAy aBUN 3

Fon drumandmsuiudia

= a 9 - QA A gVa &

Anwinszurumivasy mafaudl tazaluguaszIIUMIANNANe IRIRaNENA 1 9
Y - a1 A

waz Inssadawdnyiindoiios

a ¢ <R P [ =S o 9/ 1 A Py =

Snsizrnani lasinanranuasdnyas Inaseas nastlissvesmananan

fmsudamia 7 lidsams Tagnszurudndonsa

¥

asavnatd-iysiln ilangun 14

ABUN 2

fvuadiunauuia

Y o Ve o
wasuudnh IMiBuduazua
dendukauiaqEulsyney

9
yugl

- A Ya & Y a 1 oA
WNANLAZAILANATZUIUMSITE ITINANANA 1 9 tog nsaaTeyilanaiiies
a ¢ a Ay = o ¥ 1A a4
Ansevrtad laninmsansdnuazqudnyus Inssainastiioesmsinanan
o s a Y kY /
fimssiaan lidaamsTaonszuiumsdranlensa

aTnasTagdulszneusianiud la

1.10 UseTaminmanazlasy

. 4 R T
1. 1émaTuTadn15%1 Calcium phosphate glass-ceramic AT MITANAUUNDIITUIIY

Bioglass-ceramics o 11

b4 < 9 = Y o < '
2. lAesdanuiinuadestumsannanluszyylu
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GLASS BATCH

Y

MELTING (1400°C - 2 Hrs.)

Y

WATER QUENCHING

Y
BALL MILLING ( 325 Mesh )

Y
GLASS POWDER

GLASS POWDER + CaCO3 + HAP
(pass 325 mesh) (1-2%) (300-600 and 600-1000 microns)

X3

MIXING WITH WATER (HAP/GLASS WT. RATIO 3/7,4/6)

Y

DRY RPESSING

L2
SPECIMENS ; diam. 50 mm., thickness 5 mm.

#'

SINTERING (800 C -2 Hrs.)
¥

HEAT TREAMENT (700 C-48 Hrs.)

Y

ACID LEACHING (0.1,0.5 N HNO, ; 90-95°C -24 Hrs.)

Y

CHARACTERIZATION :XRD, SEM, Hg-POROSIMETER

Y

REPORT

gﬂﬁ 2 p3zuMIemsihiagdalsznevsiiangy (Ao 2)
a135 HAP
1% HAP Funs1ed @ lasmsthinseuimuazunsalimaiivnna 300-600 pm tag 600-1000
um - lenilundn hydroxyapatite W3® Ca, (PO,)(OH), (HE4DE131807
daumanvea Tagralszneu

vy HAP/Glass Wusasaiu 3/7 uaz 4/6 lasthwineaudsd msauiuaadlunisien 2

¥
[} % & 1 s } o Y = . d,\
14 caco, Fuiioriuniudeuneumaiinudaszuandi liuna co, imiianumgutuiioms




2.L1an3RadY

Tasdunsigd Hydroxyapatite “ {1az Borax, Na,B,0,.10H,0 Carlo Erba; reagent grade
Suarsdady
2.1.2 MINTY '

Fadazdrumauiivininsiniu 100 03y Tasdnnunindadayludves HAP A8 Borax
S 1599 Tud waaluufa Pyrex Withfuazeuuia
2.1.3 M3HasUUN]

i auneinas Ut vuE(crucible)i1d3y Platium ¥11@ 100 1A, Yudiauiienasy
fgaungi 1,200 - 1,500 °a fuam 2 $2Tae mansfivaouasunusumin o WBud
2.14 mﬁmﬂ:ﬁﬁnymzmmz (Characterization)

Snseilafifniu Taoldindeudnas danusnFU(XRD) Bruker Axs D5005 1meaun
Fusiuiindsd uaziinadiudnseadiyu 20 st 15 81 50 oeen
2.1.5 MIBUAWANUI0U (Heat treatment)

hetudhonTum Infhitgungd 600 iium s $2Tus udadedastvoansinmey

2.1.6 MINAAWNIA

td
a o

¥ ] [ d v
hFuded1ausliniinga 0.1N-HNO, Ryl 90-95 °a 9’13 Wuna 24 §2Tus

3 ]

a

2.2 mat1¥aqi¥alszneusz1ia1e Hydroxyapatite 4az #13 Boro-silicate ¥HANTY

¥
ao S w

M3IsBiYUARUAIIUN 2
2.2.1 @IAIAY
v
e
asinlivandmiums suudiia boro-silicate 1% Boric acid, CaCO, Hag Na,CO, ¥iia
=) 8 A W oA =
reagent grade Heendsznoumanil aefitaasluasen 1

: d : @
M99 1 a9ntsznaumamiivewni(% lngviiniin)

SiO, ALO, B,0

23

CaO Na,O

56.7 2.0 22.7 12.4 6.2

a

o & as 1 . a a o [
MnsnasuuniIniee 100 ¥y lddae crucible wiia Pt Agavgd 1400 *o Wunal 2

U

' v ¥
2109 nazmasinasuasluiii(water quenching) 1aufa 1hlualundouawiia ball mill ¥1ld

b4 Y 1 1 o o
B IDETOUNTHRSUNIUUOT 325 LHY
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ad o o ~a o/
IHAUHUNTIINY

2.1 maanmanuduifldvesmstinma-wnin viiangy anmsueawlaluszuy cao-p,0-

B,0,-Na,0

v
w (4

¥
115739819 Hydroxyapatite 112 Borax HUHABUA

GLASS BATCH ( HAP/ Borax ; 1-9 molar ratio )

v

MIXING

MELTING (1200-1500° C , 2 Hrs. )

v

AIR QUENCHING

—

v

GLASS

CHARACTERIZATION : XRD, Visual Appearance

HEAT TREAMENT (600° C- 5 Hrs.)

A

ACID LEACHING (0.1 NHNO, ; 90-95° C -24 Hrs.)

REPORT

sUA 1 pazwaumside masuenwa 1MszUY Ca0-P,0,-B,0,-Na,0 (Aouh 1)



M15190 2 auRavedTagdalsznouazgadnuay

No. HAP/Glass Grain size of CaCO;
Ratio(wt) HAP(um) (wt%)

I-1 3/7 300-600 1

2 3/7 300-600 1.5

3 3/7 300-600

4 3/7 600-1000 1

5 3/7 600-1000 1.5
1I-1 4/6 300-600 1

2 4/6 300-600 1.5

3 4/6 600-1000 1

4 4/6 600-1000 2

222 msvugiiaeda

HEl HAP uaznanfa muﬁms1d3u1ﬂﬂﬁ1wﬁnﬁszu‘lumﬂaﬁ 2 fetaz 100 n3u T
wadntioy uﬁaﬁflﬂ?jyugﬂ Taumssadauniessariialeasednfismafios 1¥anudu s0-100
Alanswan’ ‘?;uﬁaedwﬁwmLﬁ’wimgmtfﬂma 5 . MU 5 W,
2.2.3 MW (Sintering)

rngudrecielum IlfhAigamgd 800 *r e 2 $aTus Yaeldidulumnn
2.2.4 MIOUAILANHTOU _

1isudheulum Iihigungl 700 luszesnawandiunm 15-48 2l
2.2.5 MIIAEHENEALIRHIY

msans1ziirle Tag XRD uazdny Iaseadganialao SEM 1935iRuaiulude 2.1.4
ASAAT W:ﬁmmﬂgw; u 1% Hg porosimeter (Micromeritics Auto Pore)
2.2.6 MINARILNIA

Th$uethusluinsaviia 0.IN-HNO, uazwiia 0.5 N-HNO,fgangil 90-95 °u (flu

1981 24 ¥ 19



=) c; d [
2.3 mathnma-is1iin vinmsuenvaluszuuiil Ca0-P,0,-B,0,-Na,0 iluesndlsznounin

oo o &
PYUABURAIU :-

GLASS BATCHES

(19 Compositions)

Y

MELTING
( 1400°C -2 Hrs.)

X

AIR QUENCHING

¥

GLASSES

Y

SELECTED GLASS

HEAT-TREATMENT
( 580°C -900°C, 16-24 Hrs.)

¥

GLASS - CERAMICS |™~__ | CHARACTERIZATION :
¥ XRD, DTA, SEM, EDS,
ACID LEACHING /" DILATOMETRY
(0.1 N'HNO_ ; 90-95°C -24 Hrs.)

¥

MACHINING TEST
( HSS DRILL 2.5 mm.diam., 450 rpm, 0.5 mm. / min.)

REPORT

y o a d'd .
3N 3 nIzvIumMsTInMa-nnanmsuenaliszuuii Ca0-P,0,-B,0,-Na,0

Fluentsznounan (@aum 3)



23.1 Asadu

a9nInan1d reagent grade H,BO, CaCO,, NaPO, tiaz H,PO,(85%) uaz";”mqﬁuﬁ"u q
$auldszuuatos 18un Silica sand, Zircon sand 1A Alumina

Fetiaudafinanssdl 19 frecredsiinanilumsien 3 Taoda P,0, 1032 Tud & P,0/Ca0
Faust 0.667 741333 uasiansay q 52Ty 100 %

A13197 3 AIUNANVDINIBENIUNINNARBS (% TaaTud)

No. SiOz A1203 Zl‘Oz B203 NaZO PzOs CaO
1-1 28 12 - 30 10 10 10
2 25 15 - 25 10 10 15
3 20 20 - 25 10 10 15
II-1 35 10 - 20 b} 15 15
JHE 22.5 17.5 - 25 10 20 15
2 20 15 - 10 10 20 25
IV-1 12.5 17.5 - 17.5 10 25 22.5
2 15 15 - 10 10 25 - 25
3 5 20 - 10 10 25 30
V-1 20 5 - 10 5 30 30
2 20 - - 10 10 30 30
3 10 10 - 10 10 30 30
4 7 13 - 10 10 30 30
5 5 15 - 10 10 30 30
6 4 16 - 10 10 30 30
7 2.5 17.5 - 10 10 30 30
VI-1 25 - i 5 5 5 30 30
VII-1 S 1 - 20 4 30 40
2 - 6 - 10 11 32 41

2.3.2 MsHaoNLn?
1 [ v
FadIeg19az 100 NN wauludnnes Pyrex® waznisouudan 120 o Tnefiadredinls
muaudald Pt crucible udiudua il wasud 1400 “x dunan 1-2 $21ue miefivasy
] o a e ¥d o ]
azawasudunarnandasaatiuim lfiud i lans)
2.3.3 N19UAIBANNTOU (Heat Treatment)
Wwumeiaud heulwan i Tasmsmuquaangll uaszoznm nisevlusas
gauHnil 580°,600°,700°, 750°, 800°, 850° waz 900 * 1flunat 16-24 2 Tua
2.3.4 MTNTITHANEMzIN N
a o Vot o @ a o Y A .
myunseiie 1995000y 2.1.4  a15unTIeviale DTA4A599 Perkin-Elmer DTA-7

2 v o N v o o 4 hls!w Y Y
IWUATUTOU 1O K/ W0Iaa Teg 93in7  MITIANTTVUITAAULD ATUANNSOUIMATD -
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Netzsch Dilatometer 402 EP uag TASC 41413 Taomugusanmsifivgaingdl s Kandi ilaftnun

Tg pazduszAninsueied (2) vesiedns  msdmnedIasaaieganin (Microstructure) 19
(9594 Scanning Electron Microscope, SEM(JEOL, JSM 6400) (A3UA380 1MUY UUANGAZAARNT
%14 0.5 vol* HF figamgiveaiiunar 1 wif

2.3.5 MINAAIENIA (Acid Leaching)

b b4 ]
udeunaa-sin  ulwhinga Afiaududu 0.1-HNO, 90-95 o

el

UH

e
)

Hunar 24 ¥1lug
2.3.6 MINATOUANNAINTNNUMINL JAIIATOUIL (Machainability)
o .::‘ ol A 4 - . é [}
WFudssn linzdonisunzriinanuSge (High speed steel) HSS Fatiiduriu
¢ o 1 <4 P 1 QY : ’ Y o
AUINE1 2.5 Ui, ANUITITOU 450 TBUABUIN 191280 0.5 U.ABUTTI lnimaslviou uazasiag

A
s00uAN (chipping) mtﬂuwa%mmsng@hané’mqamsmi SEM
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UNN 3

namInaaeauazmInnUsiena

3.1 mamsfnmanuduldldvesmshinaa-anin  sflanguonmaenvialuszuy  cao-
PO, B,0,-Na,0 Tagld Hydroxyapatite t{az Borax ai‘}umsﬁv’av’{u

fien HAP fgmauiiAlauidiiuldidoiume msideemlsznoundiofunsygn
pazity sunsodunsedld Tudenld HAP Sumsdedy uasfiuiniuAehdith Borax
(Na,B,0,. 10H,0) Wiy HAP nasudioiu inzildifamauds siafiuonmasensiundn’d
wawed unzlurdnmdniuazszneudiomaiifesdlsznouyes Na,B,0, flumandnuSua
i wfumaiifiesdszneuves HAP YSinanmisuiy erdsnimuandaveaenain aunsaly

as 2o < “ ] o
msgniadionsa  Hahlesddsznevwes NaB,0, VSmannninzazaweenluildife

&an

=22,

FevieludomaiiTine HAP 10 v lfndafusinguiidesms manmsfnmmuuannuia
Tnasiadl
3.1.1 padnvazmmnzuasdnyaelnng

A1TT 4 UEPINBNITNARDIVBIAILAAL § AI007 IHSATIHIN HAP/Borax AN q AU

t:; % M E‘l
m31ef 4 dnvazdneguazivalusiunaniivasu

No. HAP/Borax Melting Condition Appearance Crystalline phases
(Mol. ratio) ('C-Hr)
1 872 | Not determined Not determined Not determined
2 7/3 Not determined Not determined | Not determined
3 6/4 1500-2 Melt, Not flow Ca, (PO,),(OH),
4 5/5 1400-2 Very fluid, opaque Ca,(PO,)(OH),
5 4/6 1400-2 Very fluid, opaque Ca,,(PO,)(OH),
6 3/7 1300-2 ! Very fluid, opaque Ca,,(PO,)(CH),
i CaNaPO,
7 2/8 1300-2 Very fluid, opaque Ca ,(PO,)(OH),
CaNaPO,
8 1/9 1200-1 Very fluid, opaque . CaNaPO,
} Ca (PQ,)(OH),
{small amount)
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- <

WU UNBHAY Borax USunaioudad 1unauill HAP : Borax =7 : 3 1482 8 : 2 U939A2801N

[
<4

] :; (<) o ¥ 9 o a' d? 3
1 gag 2 Mawsonasufigamgd 1200-1500 *o 18 §11/5u1 Borax iudu aunsavaey 14
a < o a 2 v A o qud o d Y
gaunpianns 81 1200 “a wazlimis namnndudae et ldioudiedusiasiluenig ldaisen
] g = . 4 = 4’1 é v d‘ "o L] ::i A o
i ven MU IINanfRedY F9nsI9d20 XRD JUT 4(2) NUTAIDIN 3, 4 Uaz 5 ¥l HAP ;
Borax WAL 6 :4, 51 5 4aY 4 : 6 A1uE 19U IWAPVeS Hydroxyapatite Uztluiuud uaasiudeaiiss
I ¥ ¥
lifimsaaisivaziiumsnasy tazifey/Suiss Borax 1ntu dleirativezlianuniiatosas
] 1 4 t
fa96197 6, 7 uaz 8 wundnanalng CaNaPO, HiadiuT AU HAP uaziiiu3umsiunn
v . H 1
Fulaommzludedied 8 liSina HAP anasedndunaiinlAvingd @ 4b) iie HAP:
Borax iN1AY 1:9
3.1.2 MINANILNIA
[ y ) 1
A0 q fretieivh lushiinge 0.1N-HNO, funar 24 $2Tue dawiduudaazarsly
b
Winsauazivae HAP iiuwadun
InMsAnEIAsInU Weth HAP 1as Borax #arufiu Taul Borax HAP : iy 7:3 tay 8:2
[l o 1 ¥ »
HAP liaawdalu figamgi 1500 °a uag hifiududadiu §uity Borax THinnTududufatuuasil
t H [} o H Yt 8/ 1
e lnsives CaNaPO, Usngiuswtuui  mlafiamnsoazaiwly 0.1N-HNO, 14d Seagy/1da

' 3 3/ a daa o4 A ¥
"111?(1111%?(514%5&’:'{51@‘1114 ﬂﬂﬂJEWEu@U’Nﬂ@ mm"lﬂ



X-ray intensity(Arbitrary unit)
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X-ray intensity(Arbitrary unit)

_: Q: Ca10(OH)2(PO4)6, A NaCnPO4
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: |
- o
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] Py ? ° ®
o —Erpanst \I‘ATW.\N\A
15 20 30 4
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4 ad y o ar ¥
70T 4(b) uwniiin vo9 XRD vesmsi idonnisnassmaziliduiethasiadly
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3.2 M3t a3 eisznousznang Hydroxyapatite 4aziia Boro-silicate ¥HANTH
3.2.1 dnuazinagesiagializney

a1719h 5 anuazlTIngYeId ot aMeHAIINMIEINEN

No. HAP/Glass Grain size of | CaCO, Forming Sintering Pore Size
Ratio(wt) HAP(im) (wt%) | Pressure(Kg/ (OC—Hr) (naked eye)
cm’)
I-1 317 300-600 1 51 800-2 Small
2 377 300-600 1.5 51 800-2 Small
3 317 300-600 2 51 800-2 Small
4 377 600-1000 1 51 800-2 Small
5 317 600-1000 1.5 31 800-2 Small
1I-1 4/6 300-600 1 + 51 800-2 Medium
2 4/6 300-600 1.5 51, 800-2 Large
3 4/6 600-1000 1 51 800-2 Large
4 4/6 600-1000 2 102 800-2 Large

1 td
MINN 5 UAAIENHUTTUAIBI NN TSWHANTIANHUSNTUUANANAY  YUIATHTH

e

uatjfi HAP/Glass §18A31891 HAP/Glass il 3/7 151t €aCO, 1-2% hldiRaguguuinadn

=Y

e

14
&1 HAP/Glass 1ilu 4/6 USinm Caco, 12% S ldvinagwgnlngu ueashilTum Caco,
(HATMIAATUIAYBING HAP dnansvuiaguyuioeuin
3.2.2 manfasundasmeandaainmsfadesiingg
P VI ° ' = ° o A qya & Yo
Fusedragni lddunseudt 700°y Wnat 15-48 $3Tue e ldiiamIanndnuaIe

¥ .
o

o P L) s 1 o [ 1Y
ﬂﬁs],?llu"lﬂ'iﬂ ﬂTTN"?\ 6 !.!.ZWNﬂ’]iLljﬁUllll.ﬂ'ﬂ\i‘ﬂ'NW’CTﬂﬁﬂﬂ\iﬁ?@ﬂT\iﬂ?ﬂWﬁQ%WﬂﬂTiﬂﬂ AWUNTA
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m3afi 6 pantiivesmsdelsznoumendminianiensa

No. Heat - Weight(g) Weight loss Apparent
Treatment(OC-hr) Initial After A(g) A(%) Strength
El 700-15 6.0397 5.6065 0.4332 7.2 OK
2 700-15 6.1882 5.7573 0.4309 7.0 0K
4 700-15 59687 | 5.5443 0.4243 7.1 OK
5 700-15 7.2800 6.8675 0.4125 5.7 Medium
-1 700-15 72974 6.8421 0.4554 6.2 Medium
2 700-15 6.0121 55616 | 0.4505 7.5 Medium
3 700-15 54881 | 50517 | 04364 8.0 Medium
4 700-43 sassz | 49384 | 04178 7.8 Medium
I-1* 700-15 3.6800 J 24508 | 12292 334 Medium
»* | 70015 3.6365 2.5986 1.0379 28.5 Medium
3% 700-48 44120 | 2.8449 1.5671 35.5 Medium
4 700-15 3.9241 29330 | 09991 25.5 Medium
5% 700-15 34901 | 2.4638 1.0263 29.4 Medium
1-1% 700-15 3.5520 2.4195 1.1325 31.9 Medium
o 700-15 3.4930 2.3065 1.1865 340 | Veryweak
3% 700-15 3.0003 1.8844 1.1159 372 | Very weak
4 700-48 5.4481 3.8308 1.6173 297 | Very weak

*. 0.5N-HNO,, others:0.1N-HNO,

m3dedonsa 0.IN-HNO, shlthimiinmely 5.7-8.0 % iloannimavesiusasthads
szneyldararwhuihnis deiuanududuvesinsadhu 0.5 N-HNOnuhmsazaudaniis
U ssgmsFalsznauiiminanas 255372 % liromudaussvesdumediamaniy
annpunTde Taamwe ludetadalizney 2, 13 uag -4 T HAP/Glass iy 4 : 6
§n31d7U HAP/Glass IHADENNNABMTAZUBIRIBEN
323 myanae

317 5 AR XRD unniifuvesiiedudulssney -4 Wil HAP/Glass i 4/6
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®: Ca,P,0,
O: Cay19(PO4)s(OH),

140

130 [ 0.5N acid feaching |

O

120

110
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3
(=]

«
o

{_0.1N acid leaching |

X-ray Intensity (Arbitary unit)
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3.3 mamnaa-r ninnnmsuendaluszuuiifl Ca0-p,0,- B,0,-Na,0 lussfilszneunin

yinmsfi IRANE oY WUt TR HAP fu Borax Tlamnsavhld HAP figwjuwila
soritedld M iaglszney HAP-Glass Tavld HAP waufuufaficmsousnidald uaz
CaCO, mmﬁm@é’aﬁwé’\"szwﬂsﬂﬁﬁﬁ’tﬁﬂgwquwmimj wazgngunnainsidaeiies fulay
#a0n pranud s anada bisnaneAldanlnfisuihmn 14 Arsveiiag Ina Fadunnud
Tuszuy CaO uay PO, waufyiiadi liados sasfinmumitadunndnly arsftymsied
yretnadlUde iU S0, ALO, waz Z:0, emuanunilnvewdauazilfiades Und cap
w03 HAP fia 10:6 uadhegluzil cao,0, axdiu 103 Fsfitqunndmiumsiuda aosumid
Ca wedndan Alkaline oxide 1in3dusaanlafnynisiuiitiemivavesuluszuy cao-
P,0,- B,0,Ne,0 (flundn
3.3.1 dnyazil ingueuii

m3uft 7 uansesdUsznovvesiede(Tudn) uardnvazdnngiidunadiusinms
wasuved 19 Fretramanty msdetulanmuihuidedudlands widouasTlsda
retreimanuudathuda1dud 13, v-1 naz v vemhdidnvafiuuanielinsanndn
Snwaefiueadhuws wmadanisuonma quinngu I, I wag Iv wuihduiy ALO, wwaans
ansAnuazAiLLEe ualungul v wuhduiuing ALO, nniui Idifanndndety 34
i W lufemsfnsusunguiind gy uaashesdilszneumund faam didyrems
nemlaiazmsanaan
332 mydnnednuasinzlagldin3eq Dilatometer oz DTA

Resndendretuutihaulufedniudufofumsuonmla uazmsansdn
Taudion I3, -1, IV-2, V-4, V-5 uag VII-2 wazth lUfnuqaantianianiuioudas Dilatometer

) o P &
waz DTA YeyamsAnyuaadliluaisedt 8 DTA curves uaaaliluglf 8 dwuans Tg nie
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=y

- 4 o 2 { {
guupimsfasuihuds wazingaediia (1, uoz T,) Fuduguugiiiamsansdnluieud

(Devitrification)
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13190 7 aandsznaumaniiveaunanie  (%laalug)

No. | SiO, | ALO; | ZrO, ! B,0, | Na,O | P,O, | CaO Appearance*
I-1 28 12 - 30 10 10 10 Opaque
2 25 15 - 25 10 10 15 Opaque
3 20 20 - 25 10 10 15 Transparent glass
II-1 35 10 - 20 5 13 15 Opaque
HI-1 225 17.5 - 25 10 20 15 Slightly opaque
2 20 15 - 10 10 20 25 Opaque
V-1 12.5 17.5 - 17.5 10 25 22.5 Transparent glass
2 15 15 - 10 10 25 25 Slightly opaque
3 5 20 - 10 10 25 30 Crystal, partly glassy
V-1 20 5 - 10 5 30 30 Opaque
2 20 - - 10 10 30 30 Opaque
3 10 10 - 10 10 30 30 Opaque, partly crystat
4 7 13 - 10 10 30 30 Opaque
5 5 15 - 10 10 30 30 Slightly opaque
6 4 16 - 10 10 30 30 Crystal
7 2.5 17.5 - 10 10 30 30 Crystal, partly glassy
Vi-1 25 - 5 5 5 30 30 Crystal
VII-1 5 1 - 20 4 30 40 Opaque
2 - 6 - 10 11 32 41 ' Transparent glass,
partly crystal

*: determined by naked eye.
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a19147 8 aEnliAnaufeuvesiiedin

No. Dilatometer DTA**

Tg(°C) | Td(°0) | ax10'KH* | Tg°0) ) Tx(°C) l Tp,(°C) | Tp,°0)
-3 546 606 76 - - - -
m-l | 540 589 88 - - - -
v-2 | 520 581 104 530 | 639 650 673
v-s | 525 578 100 517 | 600 618 628
v4 | 529 568 120 525 1 604 617 626
VII-2 - - - 538 ) 644 656 678

*. 100~300°C,

**: Tx, Tpl and Tp2:

Onset temperature and peak temperature, respectively.



Exothermic

Endothermic
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g-ﬂﬁ 9 HaNIANUIRIATO Dilatometer LaAMIsUIBRIfgungiians q Furunsamen
Tg ua¢ Td (Dilatometer Softening Point) 118 O sz Antueimsunoiivewdild) fefiuans
Yuars i 8 uonvniidudiildaUnddiufiamay Lﬁm‘fuﬁqmwgﬁ 638 " Yo IV-2 U
603 °x 94 IV-5 gan1 Td Wumsvsededusiaiuazaonndes A1 Tx (onset temperature)
fenfoudouiun1sAnyiAae DTA veef30419 [V-2 uag V-5 7 639 o 1Y 600 °a AINAIFL 11U
fo Lﬂquaﬂssmawﬁﬂﬁlﬁﬂﬁu

A1sAnAEIRUMISIENEEEMIARKED (A0 8) WU uiIRIBt 1-3, MI-1 tiefad
qsuoalafieandnude) T1wINMIANYIAIY DTA  BWURAYDINITANKEN (Devitrification)

LAnAaF 18618 IV-2, V-4, V-5 Uag VII-7 iimsusniauaznisansandie
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X ray Intensity (Arbritary Unit)

34

1 AlPO4, O B-Ca3(PO4)2, @: B—C:12P207

V-2

26 CuKq

51 11 XRD v09nma-w5130 IV-2 uag VII-2 oy Ngamian q una 16 Filug



X ray Intensity (Arbritary Unit)
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mﬂa‘fi 9 HANTINATHMENAINITOUUN TV-2, V-4, V-5 1Az VII-2
T Ca0+P,0, 50 60 60 73
——;at treatment Iv-2 V-4 V-5 Vil-2
(°Cc-Hr)
T 600-16 - AP(wid), 3-3CP |  AP(irid), 3-3CP -
f-cpp(w)
700-16 AP(uid), B-3CP | AP(wid), B-3CP |  AP(wid), B-3CP B-cpp, B-3cp
B-cPp(vw) B-cPp(w) [-cpp(w) AP(trid)(vw)
700-96 - - AP(trid), [3-3CP B-cpp, B-3cp
B-cpp(vw) AP(trid)(vw)
750-16 - AP(trid), 3-cpp AP(trid), B-3cP B-cpp, B-3cp
B-3cpvw) | B-cpp(vw) AP(rid)(vw)
800-16 AP(tid), -3CP | AP(tid),B-CPP | AP(id), [3-CPP -cpp, B-3cp
[3-cPp(vw) B-3cpvw) B-3cp(vw) AP(trid)(yw)
800-24 AP(rrid), B-3CP | AP(trid),-CPP |  AP(rid), B-3CP -
B-crpivw) B-3cp(vw) B-cpp(vw)
850-16 - AP(trid),B-CPP |  AP(irid), B-3CP -
B-3cP(vw) [3-cpp(vw)
900-16 - AP(trid),-CPP |  AP(trid), B-3CP -
B-3¢cP(vw) B-cpp(vw)

AP(trid): AIPO,-tridymite type, B-SCP: B-Cag(PO“)z, B-CPP: B-Ca2P207, w: weak, vw: very weak.

NANIINARDINANILNI A

2 v Ll [] .
dievhufuasiiin Iv2 uaz V-5 dadaoinsa detiis 2 wilanfdowduduigu

a :‘ G:‘ L) (] o’/l s o o =1
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v Y

Wiaoasazats HF At iefnudan SEM wud droplet mdniugniadas BF vildiiug
1 1 { Y o Y

NUASUR 12(0) 317 13(0) namalfifundndng fieglugvesununigniadisnsa snnisdnm

20 EDS(317 14) ueraed droplet 1v-2 Usznoudionig aluaz P Seagiddhmdnicfuhnziiy

2 da &
Wanyed AIPO, MifATUIINATTBLNAY
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PP41: Preparation and Characterization of HAP-Glass Porous Composites

Lorprayoon, C. And Morimoto,S.

School of Ceramic Engineering, Institute of Engineering, Suranaree University of Technology,
111 University Avenue, Muang District, Nakhon Ratchasima 30000, Thailand

E-mail : char{@ccs.sut.ac.th and shigeki@ccs.sut.ac.th

The aim of this study was to prepare porous biocomposite material for bone defect
replacement. Hydroxyapatite(HAP), bioactive and biocompatible powder, was mixed with the phase
separable boro-silicate glass containing CaO. Calcium carbonate was added as a foaming agent. The
composite specimens were made by sintering at 800 °C for 2 hours. Phase separation of the glassy
phase was controlled by heat treatment at 700 °C for 15-48 hours. Thereafter, the specimens were acid
leached. Characterization of the products was carried on in terms of phase, pore size and pore structure
by means of x-ray diffractometry (XRD), scanning electron microscopy (SEM) and Mercury
porosimetry. The evaluations were performed before and after acid leaching. The results show that
HAP-Glass Porous Composite containing HAP phase and a minor amount of the second phase having
interconnected pore structure can be prepared. The large pore size (60-180 pm) resulted from the
foaming agent, the medium pore size(0.5-60 pm) was created by phase separation of the glassy phase
and subsequent acid leaching .and this reaction gave the three dimensionally interconnected pore
structure. The small pores(20-200 nm.) were due to the pores in HAP itself.

03-1-5: Preparation of Machinable Glass-ceramics Based on B-Ca,P,05 Crystal
Shigeki Morimoto and Charussri Lorprayoon

School of Ceramic Engineering, Institute of Engineering,

Suranaree Univefsity of Technology,

111 University Avenue, Muang District, Nakhon Ratchasima 30000, Thailand

E-mail: shigeki@ces.sut.ac.th

The machinable glass-ceramics based on B-Ca,P,0 crystal can be prepared successfully by
the heat treatment of Na;0-Ca0-B,0;-P,05-A1,0;-Si0; system of glass.An isolated droplet type phase
separation takes place prior to crystailization. Three kind of crystals precipitate, they are
AlPO(tridymite type), thin-plate-like B-Ca,P,0,and B-Cay(PO,); crystals. The main crystals are AIPO,
and B-Cay(PO,), with a small amount of B-Ca,P,0; by the heat treatment below 700°C. The amount
and size of thin plate-like B-Ca,P,0; crystal increases-with increase in temperature, especially above
750°C. The machinability of glass-ceramics was examined by conventional drilling test. The
machinability depends strongly on the amount and size of 8-Ca;P;0 crystal and it is found that the
glass-ceramics containing a large amount and large size(>10pm) of B-Ca,P,0; crystal exhibits a good
machinability.
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