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Abstract

This research involved a synthesis of hydroxyapatite by coprecipitation method. Factors
affected on chemical composition and molar ratio of calcium per phosphorus (Ca/P) were
investigated. Starting materials were 0.5 mol/l calcium nitrate tetrahydrate (Ca(NO,),"4H,0) and
0.3 moV/l phosphorus pentoxide (P,0;) or 0.3 mol/l phosphoric acid (H,PO,). The starting
solutions were precipitated at pH 6, 7, 8, 9, 11 and 12 by adding 30% ammonium hydroxide
(NH,OH). Suspensions of the precipitates were aging for 30 and 60 min in order to completely
precipitate. The sample synthesized from calcium nitate tetrahydrate and phosphoric acid,
precipitated at pH 9 and aged for 60 min, had a molar Ca/P ratio of 1.15 which was close to the
theoretical value of hydroxyapatite (Ca/P = 1.67). In addition, a main constitute phase in this
sample was Ahydroxyapatite. After calcination at 1000 and 1100°C, the main constitute phase
changed to tricalcium phosphate (TCP) because of the decomposition of water from
hydroxyaptite. The sample synthesized from calcium nitrate tetrahydrate and phosphorus
pentoxide, precipitated at pH 7 and aged for 30 min, had the lowest molar Ca/P ratio of 0.55. The
main constitute phase in this sample was dicalcium phosphate (DCP). The crystalline phase of
hydroxyapatite was obtained after calcination at 800 and 950 °C but main constitute phase was
still dicalciumphosphate. Bioactivity of the synthesized samples was studied by soaking in
simulated body fluid (SBF). The formation of hydroxyapatite was observed on the surfaces of all

samples, indicating that the synthesized samples were bioactive materials.
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Phosphorus, P 17.7 11.5 18.5
(Ca/P) molar 1.62 1.65 1.67
Sodiuin, Na' 0.5 0.7 tr
Potassium, K" 0.08 0.03 tr
Magnesium, Mg" 0.44 0.55 tr
Carbonate, CO,”" 32 5.8 -
Fluoride, F° : 0.01 0.02 -
Chloride, CI 0.30 0.10 -
Ash (total inorganic) 97.0 65.0 100




A ;
M1519N 2-1 (AD)

Enamel Bone HA
Total organic 1.0 25.0 .
Absorbed H,O 1.5 9.7 B
Trace elements: Sr2+, Pb2+,
Ba2+, Fe3+, Zn2+, Cu2+, etc.
Crystallographic properties
Lattice paraineters
(+/- 0.003A")
a-axis 9.441 9.419 9.422
c-a).(is 6.882 6.8%0 6.880
Crystallinity index 70-75 33-37 100
Crystalline size, A’ 1300 x 300 250 x 25-50
Products after sintering
95 00C) Hydroxyapatite(HA) | Hydroxyapatite(HA) | Hydroxyapatite
+ Tricalcium + Calcium Oxide (HA)
Phosphate (TCP) (Ca0)
Mechanical properties
Elastic modulus (10° MPa) 0.014 0.020 0.01
Tensile strength (MPa) 70 150 100

[] 9y
gasniifilu 'l 1dvesesisznouvesnszqniiludadi

[Ca,(H,0),(PO,)]-[Ca, Mg, ,, Na,,, CO,, Citrate, ]

1 < dy ' a ] ) [ o a
amﬂiﬂmuqmu'111Lflumtuuﬂummuuaﬂﬂm‘uaaﬂi:@,ﬂ e luauiiuesa

I's = d [ [ < 9 P IT= K4 A
E]Qﬂ“Ll53ﬂﬂ‘lJ‘VI'NLﬂSJ‘U’ENLLEI‘]Jﬂ‘ﬂﬂ‘UENﬂi'ZQﬂ%ZLLﬂﬂﬂNﬂ‘l!mﬂuﬂ‘c’lﬂ'lllﬂ”lq (age) dlyduena

a . 1 o V v 1 4 4
i3 (species) wazdmvesnivaziludu dasrdiuluaves Cap Tutipoudelsziam

. 9y
nszgnuaziaziiuiumumsniapdu laaudinIndifios  1.67 uanuorh Inddin ezl




< a ' =) 1 1 .
vnadmnnlagivinadnni 02 pm sazdgdhaduuiseadogiliy (meedle-like) T
Y 1 = 4 =3
51 24 uaz 2-5 usasireduvewanuerllnd Taglunsegnezlivinadszana 20 X 3 X7
3 A a 3 Y & =2 Ao <
am® danlundeuiluszfivinaszata 150 X 60 X 30 nm’ iudu teaninwanidviaian

(&) 1 Y ) 1 a d? ya
‘Uﬂﬂllﬂﬂ']"lﬂﬂ%\iﬂ']lnjﬂ"lnﬂclﬂﬂﬁﬁTNllagcﬂ'ﬂNLLmUﬂigﬂﬂlﬂﬂ‘ﬂu‘lﬂﬁa

a

51t 2-4 wanvealensendueih Indiidunsizrnigangd 220 °C a3 .

9

a "
A329AI1LH 1Ay SEM [3]

y s a a
51/ 2-5 leasenduoth Indidundnider asalinsielas SEM [3]



g - A&
2.1.3 msdszneusvnnunaannoavinyiinew

=) o v A o I =t a d‘

wenanlaasendueth'lng  deliasdszneuiminuaaseuremwadnvateyiuan
kY =} av Y [ 4 (Y =} =
dunfunumluamdieduiagnemsunnduazedvazdion. aslszneuunadounediia

1 d” 1 [ q'w 1 9 a 4 dl

e uandnfufisasduluaves cap lulnseaduazyiaves losousadilsznoudu 9
£ U =) a z:;
fogveunadeuesausriataaluasan 2-2

[ 1

M990 22 unassudoamawiind1ag NLOATIEINYDI Ca/P UANAINAY [3]

qas =) onusEte | Ca/P
Ca,O(PO,), Tetracalciura phesphate TeCE 2.0
| (Hilgenstockite) (TTCP)
Ca,(PO,),(OH), Hydroxyapatite HA 1.67
Ca, H, (PG,){(OH), | Amorphous calcium phosphate ACP
Ca,(PO,), Tricalcium phosphate (OL,3,Y) TCP 1.50
CaH,(PO,)5H,0 Octacalcium phosphate oLk 1.33
| CaHPO,2H,0 Dicalcium phosphate dihydrate DCPD 1.0
(Brushite)
CaHPO, Dicalcium phosphate DCP 1.0
(Monetite)
Ca,P,0, Calcium pyrophosphate ((X,B,’Y) CPP ‘1.0
| Ca,P,0,-2H,0 Calcium pyrophosphate dihydrate CPPD 1.0
Ca,(P,0,), Heptacalcium phosphate HCP 0.7
(Tromelite)
Ca,H,P0,, Tetracalcium dihydrogen phosphate TDHP 0.67
Ca(H,PO,),"H,0 Monocalcium phosphate monohydrate | MCPM 05
Ca(PO,), Calcium metaphosphate (G.,B,’Y) CMP 0.5




2.1.4 anuaanselumsazasvedlaasendueiiIng [3]
= % Y ¥y Y A '
laasondueth lnagmisoazatelaluaisaznsa uazazare laanioslutingu ua
Y v
ligunsoazate ldluaisazmesanlard Taefin1 pks Tuihnauilszana 120 aAnuanso
:’ ™ a 4? d' a ad 4 [
Tumsazaslinsuezmviudomuasodninglad (electrolyte) uanMUEINITAIUNT
a J ] 4 =1 a a o a
avavedlaasensuet indztasunasiiefinsaesiilu Tsueulal uazarsounsd
4 wa ; dyd LY @ d v [ =
DU auiaanuaselumyazaeiiianuduiussuanuansadiiu ldnednan
. e S, : [y dy & aaa o o & 1 ] @
(biocompatibility) AuiHBBBLAzIfNToUATNUMIYITNOUDU 2814 15AMUBATIVDINTS

v
sanvfaiuediunuuananuagling awiigngy swandn anudundn uag strain

U

A o o

defects  iip1i1lansendueth Ind limiigaingiigeezih iianuaunsalumsazawana

éqya

L) o 1 @ v = ~ = 4
ﬁ'lﬂ'iﬂlﬁﬂlﬂﬂ Lﬂﬂjﬂuﬂﬂﬁiﬁﬂﬂiﬁlﬂflﬂ']iﬂ%ﬁ']ﬂ!,:ju 0.1 llﬂ./'lj Iﬂﬂ'ﬂ“aﬂﬁﬂﬂ‘mlﬂﬂ'lvlﬂﬁ

annsainaUasenaiisnTusiu vy aseiiuniddun uasussgdunidld

a J
2.2 midauanzyilaasendueihing
ad o 4 P! I ad = o ad @ 4
S5 lumsduanerims leasendueihInaliva1eds  deluilwpiudsnsdunsiz
P=% I = A adg 9 (aaa < ad
a15'laasondueih lnadl 5 Fndng Ae A5MslFURATOTAILIDUYI ITNIANASNOUNN

vy
03 538 Tasmesiia SEWsnd wazdisanon lad lasluudazisiasasaee Ui

2.2.1 ms‘li’f'ﬂﬁﬁ%mannwmuﬁa (Solid-State reaction)
aa = ﬁ ax 4 o Y ¥ ° = P fi:i—l < o
ATNITUITILUITNITNUIIU ‘mvlﬂTﬂUﬂ15u1ﬁ’]ilﬂu1uﬁﬂ1’381’l! HUBDILUINTIM

a

ﬂﬁﬁ?mﬁuﬁqmngnqa (solid-state reaction) [5] dotTimsdanssi Tng350 Wy mavh
UfAsnszninluluaadoureamalylulansa (Ca(H,PO,), H,0) funnadounise-
s (CaCo,) funm 3 $2Tu i 1200°C Tuwssomei lerhuay T TasulunlSanasiion
Y AIAUAS

1200°C/3 hrs
3Ca(H,P0,), *H,0 + 7CaCO, — 3 Ca,((PO,)(OH), +8H,0 +7CO,

H,0+N,

ansleasenduerh Indi ldnnlgasenanzveudaslidnyuziunazidoauas

Seesuiulaseadwanina
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2.2.2 MIANAZNBUMAUAN (Chemical Precipitation)
ad Adq Yo o o Y o =) ! o aaa @
SEmsanaznoununinldiulaeii i ldlas  dundeunaiFeuyilgnseny

a 1t

indoWoala Tasmsaruauanzang 1wy gungll manuiunsa-we (pH) tazANy
@ 1 aaa o g = ad
Wuduveamsazaandodiudy fedlfsnmsdunsiziansleasenduethinddaei3
Y
ANAZNBUNINUAT 13U 911338983 Hayek 112 Newesely [6] Aerunsil

pH 13
5Ca(NO,), + 3(NH,),PO, + NH,OH ——» Ca,(OH)(PO,);+ 10NH,NO,

Yy A

8
arsiaduiiliuy ca 81919 Caco, Ca(0Ac), CaC,0, 30 CaCl, inu Ca(NO,), 14
Tuueudesfiufiauseld (NH,),HPO, K,HPO, KH,PO, NaHPO, %39 MaH,PO, L3
(NH,),PO, 14
dmfuaniSeves Acki[7]  1&lTmsihnsanazaaninlgasoiulaeas

AIAUNTT
10Ca(OH), + 6H,P0, —— Ca,(PO,)(OH), + 18H,0

=1 /d' 9 ad = s = ]
Yeasonausilnai ldaniimsanaznounniianvailumiviazidon  uans

Fuaatiulaseadagundnds hisuysel

2.2.3 57ls1asmesila (Hydrothermal Method)
adg dyo Y ° ad ﬂ A = o aaa [
33msiintld lasmsthansaiindwndevewnadeuuaslesainlgnsenu
meluussemaiianuiuLazunQlige 19U Mosebach [8] 19 Ca(NO,), Winlgnseny

[ [] 4
KELPO, 11 NaOH #i 500°C noldanusiu 360 usserme ilunan 10 Yu Ugiserinfadiues

duasaunsil
500°C 360 atm
10Ca(NO,), + 6KH,PO,+ 14NaOH —— Ca,((PO,)(OH),+ 6KNO,+ 14NaNO; + 12H,0
10 7

a

du3Fupa Somiya tazdisamau [9] ldnsaruguaniiziigumngil 100-200°C uaz

[ <:J d { a, y @
A 0.1-2.0 MPa Hunal 10 $2Tue leasonduethndd ldnnithesldnyaziunan

o s ~ o o Y [ 9
1987 (single crystal) NANYIN pazasam IniyuIan1ge 14



Yad

y:: 4 a @ Jd [
uennntnAlEa i Inseaieuesiiudzme (coral) Wiiluuehlnd lagds

U
]

=) 1 a o = 1 = @ A QJ d!
figusraflurulemssniigniueg Aulemisiioamlszneundnfo CaCo, Falilaswan

v

(S aragonite [10] WipnituLlzn3sfigaingd 250°C wazauAu 15000 psi 9z 1élansen-

= Jas v v aaa A a d? lld] @
%LL@?JWUIVIGWIM@ﬂEm&’ﬂ'J'l‘JJWEUG]'JT;lQ ﬂgﬂiﬂ'ﬁ’llﬂﬂ‘lﬂmzl UAITUNIT

_ 250°C 15000 psi
10CaCO,+ 6(NH,),HPO, + 2H,0 ~——» Ca,((PO,)(OH),+ 6(NH,),CO;+ 4H,0 +4CO,
Sealed gold tube

2.2.4 35Wlanal (Flux Method)

o /Y amAq Yy a = e'n:iﬂ 2 A da '
msdunszialeisildnsenlensendueih Indriandlundn@erniivina ngid

e 2D

o ° = [ .4 ]
#1118 Taerileasendueth nduazunaiousen las (Ca0) mwaufuWdnd 1wy B,0, 1ta2
o i ~ a a o a a 1 [ = @
i limnfigamaiigeauds 1200°C Tuuwadivagdiia TagazAIunuRaWAoATIMTIOUAI
1 o s [ [ -
dnq fu wanvesleasenFusih ndii ldveiidnvaziiugddy  (needle-shaped apatite)
= a = ' = ‘ = ¢ a da
YReae 11 vy, saslinumnauda 031 v, udiiundnleasenduethindviiahil

Tuseunga [6]

2.2.5350afenlwa (Alkoxide Method)

st st lmidlddunnzleasongueih Inalfisnuazduiduineg  Taeld
unaion luasnanse lamsady lasufiareamaazaisluemusansevesinlug  Jaee
saazaneliszmenedan vidmfimie luniigamgll 500-1000°C 9218 lensend-

. 9y
uorh'nd [6] YRS iRaTuiudeaums

Ca(NO,),"4H,0 +(CH,0,PO — >  Ca,(PO,)(OH),

[

P Ad; = a C4
arsidunsed 14 lasdstasiigniniauyssel

Y = J
23 matlszandlFnuvedleasendueihing
4 a d d @ a
diosninlansenduetindiluesduseneunanlunszgauaziluy Sefinnnilula/la
= o =) Ao . g ] — [ a ~
Faziinleasenduoih inaiduanzdvuandhl) 1 FlusumeTasiies line ThiAanansznuii
kY AN o n’: =2 A = ay A o = o o (4
Zrousadesune  duiusadinsfnuituiedunsi leasendueth Induaziumlszgna
. [ y . [

THaumdusasnssunszgnuaziiuanssy  iweunuiiaioveansegauazludignime

1AQIAMAUS DA UNADYA
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g 1 k) a L @ o 1
mamams“lwmﬂm"laﬂiaﬂwaﬂﬂﬂﬂmmﬁaﬂﬂi‘suuawumﬂﬁu (YU

@ J =

1. mstgnanilundnniinsesuilueen  lasmsldiagdunsiawmnily

. |

a ~ & o 9 dy 9y A o a @
vShafooueen ) Feezihldaunsaferoms lmleuduiluese  wazsnyInudIY
Y ¥ S v 1q Yoy A4 a 4 ) = 1 g o
au1318  wenaniifamedesiu i liluddunamsmdowdunuiluyesiniu - ad
] ; = { a = Jd o a {
pt1voams ¥ nitudeniingnnnleasenduoil Ind daaaclugih 2-6 uaz g1l 27
2. psmaununszgAvIngs Insiignitats Fmsunuiiedumnzay wildidams
y ' 1 '
SaraumiuusnaRuiduirvetaqdunnziuasnszgniinieny  tledouauLaziy
ANUAIITAveIUNTIY

Y a

= Jda o Y, s o Y '
9 ﬁuvlaﬂiﬂﬂm!!ﬂﬂ’]“lﬂﬂﬂuﬂllu‘lu'ﬂ‘lfiu\r]u’ﬂ’]\jﬂ'ﬁqunﬂ UAAYANHUSLUANAT

q

[ @ 4 9 waa 9 S W [ A
fumuinguszassns ldauuazauianaeins Tagianyaznang 2 uuu fv
v
= a (] 4
1. leasonduorth Indiiailontiy  (Dense  hydroxyapatite) leasondueilng

v .
UsesmilaeTauiiaoaaanuazauiaananag

a

2. lsasonduerh Indaiiafigngu (Porous hydroxyapatite) leasendueth Indvlsziamn

A

v ] y ]
=1 1 =

= [ o Y A A o Y = = a a EY a
HITUINTUADIUDINY wlfilegennedozdafvaimsndaydn Tadh U Iugnjuuaziia

a o

=2 1 [} 1 < Ao o = d a
msBanafuiuglitnlmivesnszgn stnlsiauilymidiiguesleasenduoihlndxila
Sa adl a A = 2 a wva a ° 4 = g o8& '
fine HfuAnnailesndnpunniainuiadnad WenlSsufvudusiadiomiv Tag

9 o @ n’: 2 g A o wa a = d a ‘=y
mmzduanuudase  deiufidedimstiulemniaifinavesleasendueih Inayiiail
1 ~ o J [ § o ° J 2 a
Aoufisziilfdgnaieeens  dvaunsomldlaenisiileasendueth indlszianillwde

o i ' & = s a o 3= A
SuFaqusznen (composite) 131 Mstadeulaasenduothindviiatignguuuituim lanz il

< ] g 9 : a £ [ '4 L4 =
anuudase Wy manndasaaily (stainless steel) DaavgAvedlauoad-1asilion (CoCr
@ d a ~ ) & ] a wva a P g
alloys) Hazdanvesuesfiniilon (Ti alloys) FaresovauiaiFinavesleasonduoiing

v
¥l 14



51t 2.7 snitudihainleasendueth Indfindeuuu Tanzinuiion [3]
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y @ ' ° =) B Y
M31afi 23 Fresvosmsii leasendueth Indinlssgndldamluauen (3]

Bone Formation Promoter
Artificial Blood Vessel
Artificial Trachea
Percuianeous Bevice
Bioelectrode

Drug Delivery Carrier

Clinical Testing

Applications Types of hydroxyapatite
Artificial Bone Dense, Porous
Artificial Joint Dense, Porous, Coating
Bone Filler Granule, Porous

Microcrystal
Dense, Composite
Dense, Composite
Dense, Composite
Composite
Microcrystal

Microcrystal

4 @ 1 o o o
m51afi 24 dedravesmsihleasendusihindunlszgnaldauludmiuanssy [3]

Dental materiaks based on hydroxyapatite

Commercial names

Toothpaste (Dentifrice)
Dental cement
Rootcanal

Bone filler (granule)
Bone filler (porous)

Tooth root

Crown

Apadent, Apaguard, Apato
Bioment, Apament

Apatite Rootsealer, Finapec
Apaceram, Actceram, Bonfil
Apaceram, Bonetite, TBC

AQB, Apaceram, Sumisicon

Cera-Pearl

14
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2.4 15zFamsanuloasenduethIn 3]

U AA 1790  Wemer Vlﬁ@iza%us'mmﬁﬂf:'jmaﬂﬂwﬁ (apatite) FAUINANEINGA

il ner. 1926 Bassett 920138 NV FEnT (X-ray diffraction method) TUMIANI
nszqnuasily v'f;qﬁqﬂ"lﬁ"iwmﬁﬂi:nammﬂﬂsaﬂﬁ”wwamfﬁmiuﬂiz@n
wazundrefuuething

3 .61 1930 Naray-Szabé ez  Mehmel 1Riaue Tnsesananveargenlsuething
(iicrapatits) Taoldnsdsuuuvesiadidnd

3 a6 1937 McConnell 18 auesenumsanffertunanvewssiquethind

i f.f. 1958 Posner uazé’i'amm"lé’ﬁﬁuaiﬂsqinwﬁﬂﬁgné’fawm"laﬂien Fuethlnd

i A.e. 1969  R.A.Young 1 muasumiaved lalasululasea’ wvedlaasondueih-
Ind Ia ﬁi%mitaymmmm 11761904 (neutron diffraction method)-

seyhil ae 1050 Tiselius vmsuenTilsaulagds leasendusihIndlasinTnns i
(hydroxyapatite chromatography)

5en393l A6 1960’s  W.F.Neuman Uag M.W.Neuman wazfsmansldfnunauduiug
senalensenduoih Induazmsifiaiufu

1 fA:A.1970  Termine uazpjs'amm"lé’ﬁnmmiLﬁﬂ11aquﬂaLﬁ%auﬂeﬁmﬂ'luixumﬁammﬂ
UBNINY

i f.A.1971  Monroe uazé’i"mamﬂi:aummﬁﬁﬂumiﬁqmﬂzﬁuaam-"lﬂsu,ﬂm«?mu
woaie (Ot-tricalcium phosphate) 110 laasenduer nd

5enIN A6, 1967-1975
Moriwaki ua:é'i'mqm‘lé’\’muaswqmaﬁmﬁummf]uNﬁﬂ (crystallinity)
a2 lattice strain Yosn1Fvamaluleasenduothing lunszgauazilu las

9 a z:y v adg d
1‘iﬂﬂﬂuﬂﬂ'ﬁlaﬂ?tUNﬂlﬂQiQﬁlﬂﬂ"ﬁ



=
UNnn 3

MIIVYUAZMTAUHUNY

3.1 msniiilFlumsnaaes
3.1.1 oaesamuionlsd (P,0,)
3.1.2 aisazawnsavleanesn (85 % H,PO,)
3.1.3 unadou lumsniaass lawnsa [Ca(NO,), *4H,0]
3.1.4 yazasuou Tuiln leason led (30% NH,0H)
3.1.5 thady
3.1.6 91582 @189 Simulated Body Fluid (SBF)
3.1.7 msazasnasgiudemma

vy
3.1.8 #1153

3.2 m'%"mﬁauazqﬂnsa’iﬁ%‘lumiﬂﬂam
321  1anesuuIa 600 Lag 1000 va.
322 vaglyuy
323 ASZINUINA
324 1150 YU19 50 ¥A.

325  dula e s, 10,25 uag 50 wa.
32.6 NITUDAANYUIA 10 AT 100 WA,
327  vadadiuias 4uia 50, 100 1ag 1000 wa.
328 WA

329 mesluiimes

32,10 wSeailunluusimin

3211 unawiman

3212 nszuenindL

3.2.13  HUTLNY

3.2.14 Ultrasonic bath

32.15 Foudneswanaan

3.2.16 Foudnmslane

32,17 unaudanu



3.2.18
3.2.19
3.2.20
3.2.21
3.2.22
3.2.23
3.2.24
3:2.25
3.2.26
3.2.27
3.2.28
3.2.29

3.2.30

8.2731
8.2032
3233
3.2.34

3.2.35%
3.2.36

17

vaoAnyn

pH meter

130T 4 Fuimtig
FALATDINTOIYYIN
woswauuazogluIngIlia

ATNUANT

VIANAAAN VUIA 50 UA.

N52ATHNTBY (UDT 42

("1oU

AU

Lﬂé’t‘]dﬁlf}‘l (Centrifuge) ?jﬁ’ﬂ Sanyo i: U Centaur 2
30915 At aMEn  (X-Ray Diffraction, XRD) 34 D8 Advance
USHN Bruker AXS GMBH

m?mmi Mo RO (X-Ray Fluorescence; XRF) 5: U SRS 3400 USHW
Bruder AXS

13098AR 108 HA MY XRF

inSeaian1sganansadtyd (UV Spectroscopy)

1n509MAL (Rock Labs) UFHM HERZOG 3 TP 60/20
ﬂﬁ'mqa‘nsiﬁﬁ&ﬁﬂmawﬁﬂﬁmnsm (Scanning Electron Microscope;
SEM) 3u JSM-5410 4841387 JEOL

1303IAABYAIAI0E1 (Fine Coater) UFHM JEOL JU JFC-1200

Lﬂ‘iém Inductive Coupled Plasma Atomic Emission Spectroscopy; ICP i U

Optima 3000 U3H Perkin

43900
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3.3 maasenlaasenduetlnalagdsmanil

SEmsesonlaasonauein lnglagdtmaniiawnsaiinmseionldlaswdaily 2

33.114 P,0, taz Ca(NO,),-4H,0 1{luasfany
M = [ [ < 4 v M
Fanadoy luasniaass lawsa 23.6 05y uazveanesamunon lad 8.52 N3y (39
= o ] : M a aa y 4 y ] <
aziden 4 dumia) azanelwingu 250 fadaas dunmuuwaiesilunuuimaniune 1
i1 1ue Aow q Auasazansuonluiionleasenledasly 3o pH 1414 6, 7, 8 az 9 e
o i y‘ﬂ 2 7o v A v y o
&1en sanalBidluna 30 waz 60 w1 ThwnsesRIATEINTBIFYRIMA ARV TN
gl 100°C Wura 1 Au
hasfeuutudnualiazideaudnirllimiigangil 500°C flunar 2 §2Tua i
9y [
Waszesnlszneumaniidaomaiia XRE - mintiui lueniigangid 950°C funan 2
$alue udnh i insziignnlaemaiin XRD tiwaleasenduethindlunageuany
9y
Jealamadamw Taemsusluaisazats simulated body fluid 1HunaA199 Audua 1 319
1 17U MAIINUTGIDE NN UANA ULATIUVDIFITAZA1YAZAIDE1N0DNINNU
o LY (] a d a (] o a g a
asied sz idlenaile XRD uaz SEM daudisazaioi lddmsizialSunwu

unadey'lossudiemaiia ICP uazilSunaeanesalessusieisueanainueda

3.3.2 19 H,PO, #az Ca(NO,),"4H,0 umsiadu
Tnlaasazarensadoaesn 5 Naaaas Jsnnasdaorinaudy 250 fiadans
naufuunao lumsnnase laasa 292 n3y (FeaziBon 4 dumiy Tunuuundesiu
AuuimEndiuna 1 52T fies q duasazatouey Tudlon leasenledaqlal 5o pa 1414
6,7, 8,9, 11 Az 12 MUSAY SinalBifluman 30 waz 60 wf nnTeIdIBIASBINTEA
gryanme udrouldudsiigamgd 100 °c Whunan 1Ay
ihanstountudnnaliazBeaudilumiigangd s00°c Wuna 2 $alu
udnhwndinnzesniseneumaniidaumailn  XRF mm‘fuﬁﬂﬂlmﬁqmﬁqﬁ 1000 tiag
1100 °C fiunan 2 $2 1w udnhllAins 1z igmiaTaemaiia XRD weleasenduothind
Tnageunnuieslmedmnlaonsusluaisazars simulated body fluid Hunaiae
fudws 1 Tule 1 Ao uEmnugiesmunaituALendILYeIMIaTABIATA7
pgeponNf 1hasaed llinszdiemaiin XRD waz SEM diudisazainitlyl
SinseilSinaunadon lesoudramaiia ICP wazdSinavearesaleosudreituedane

TR



Ca(NO,), *4H,0

0.1 Tua 23.6 AU

P,0;

0.06 Tua 8.52 ASU

19

1nay

250 ua.

30 % NH,0H

A 4

dunnuiunar 1 vu.

4

Y5y pHiilu 6,7, 8uaz 9

<

[ ]

-

fansly

30 1ag 60 ¥IN

auf 100 ° ¢ Wurar 1 Av

v
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::1:; 9/ =Y
ASANN 1T UM INEITaZaY

1.NaCl

2. NaHCO,

3.KCl

4. K,HPO,3H,0

5. MgCi,.6H,0

6. IMHCl

7. CaCl,

8.Na,SO,

9. Trishydroxymethyl-aminomethane [(CH,OH),CNH,]

3.998
0.175
0.112
0.114
0.153

_ 20
0.139
0.036
3.029

195197 3-4 sadn s lumswSeua1sazaie simulated body fluid 1.5 (11 [11-13]

asainldlumsweuaisazaie

1. NaCl

2. NaHCO,

3.KCl

4. K,HPO,3H,0

5. MgCL.6H,0

6. IM HCI

7. CaCl,

8.Na,SO,

9. Trishydroxymethyl-aminomethane [(CH,OH),CNH,]

5.997
0.263
0.168
0.171
0.230

30
0.209
0.054
4.543
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M3197 3-5 MsnlssudisuadNduvee lopoUTEH I Simulated Body Fluid 11 Blood

Plasma

Ion concentration (mmol/1)

+ + + + - - 2-

Na K Mg Ca Cl HCO, HPO,

Simulated body fluid 1420 5.0 1.5 25 1488 4.2 1.0

Blood plasma 1420 5.0 1.5 25 103.0 27.0 1.0
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%4

¥ a v
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#1502967190 1 -

TIIAIDGINN 2 -

215798190 3 -

MIAIAU Ca(NO,)2-4H,0 + P,0,
pH 6

Aging time 60 U9

Compton 0.981
Rayleigh 1.07
o =}
mﬂﬂs:ﬂa‘umqmu
P.O. 68.9  wt%
CaO I\, wt%

@IAIAU Ca(NO,)2+4H,0 + P,0,
pH i/

Aging time 30 W

Compton 0.838
Rayleigh 0.939
o =
oanlseReumanl
P,0, 69.8  wi%
CaO 30.2 wt%

MIAAU Ca(NO,)2-4H,0 + P,0,
pH 8

Aging time 30 Wl

Compton 0.843
Rayleigh 0.937
I'd =
pendsenaumaunl
P,0, 69.4  wt%

Ca0O 306 wt%

50



TITAIDI1N 4 -

A15A1DE19N 5

A15A06199 6 -

51

A3 Ca(NO,)2+4H,0 + P,0,

pH 9

Aging time 30 W19

Compton 0.881

Rayleigh 0.969

peAdsznoumaund
P,0, 692  wt%
CaO 30.8 wt%

MIAIAY Ca(NO,)2+4H,0 + H,PO,
pH 6

Aging time 60 1IN

Compton 0.891
Rayleigh 0.924
o =1
09nasznoumanl
P,0, 261 wi%
CaO 2°6 wt%

MIAIAU Ca(NO,)2-4H,0 + H,PO,
pH : {

Aging time 60 UIN

Compton 0.870
Rayleigh 0.928
L4 =1
9nlsznoumani
P,0, 396 wi%

CaO 324 wt%



A15A0E 1N 7

A15A06190N 8 -

H15AI067190 9 :

A13A9AY Ca(NO,)2+4H,0 + I-,PO,
pH 8
Aging time 60 17
Compton 0.892
Rayleigh 0.930

4 =y
p9AlsEnoUNIAAL]

P,0, 544 wt%

CaO 45.61 wt%

13690 U Ca(NO,)2+4H,0 + H,PO,
pH 9

Aging time 60 W17

Compton 0.843
Rayleigh 0.937
4 =1
panlssnouMmandl
P,0, 524 wi%
CaO 47.63 wt%

ATAIAU Ca(NO,)2+4H,0 + H,PO,
pH 9

Aging time 30 Wl

Compton 0.843

Rayleigh 0.935

4 =

9nlszneumand
Na,O 0.60  wi%
MgO 0.64  wit%
Si0, 0.67  Wt%
P,0, 541 wt%

CaO 4393 wt%

92



F15A208199110 -

A15AIDE19N 11

arsaad Ca(NO,)2-4H,0 + H,PO,
pH 11
Aging time 30 WM
Compton 0.838
Rayleigh 0.932
peRlszneumaAd
P,0, 542 wit%
CaO 45.76  wt%

@3AGU Ca(NO,)2+4H,0 + H,PO,
pH 12

Aging time 30 WM

Compton 0.848
Rayleigh 0.925
o =
a9nlsenaumanil
P,0, 535 wi%

CaO 46.5  wt%

53
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(Joint Committee Powder Diffraction Standard)

Pattern : 1-1008

IMANUHIN 3

210§ 1u403a JCPDS

Radiation = 1.540598

59

Quality - Deleted

Cayg(OH), (PO, )

/1,Ca03P,0, H,0

Hydroxyapatite / Calcium Hydroxide Phosphate

Lattice : Nct assigned

S.G.: (65525)

Dm = 3.076

Mol. weight = 1004.64

DELETED AND REJECTED BY : Delete: Berry Parcel of July 31, 1958.

COLOR : Colorless

OPTICAL DATA : A=1.6413, B=1.6452, Sign=-
GENERAL COMMENTS : Reference reports hexagonal.

MELTING POINT : 1400d

“Anal. Chem., volume 10, page 475, (1938) primary reference :

Hanawalt. et al.

Radiation : MoKa1

Lambda : 0.70900

Fifter = Not specified
d-sp - Not given

Zro2

2th 1 A

I

25.879| 40i
28.681 8
32.054] 100
34.196 8
39.673| 16
42.402 4
43.917 4
46.789| 20
49.498| 20
53.547| 16

64.179 8

72.032' 8|

76.809 4|
8

87.889

k




tailern ! (0-094

Radiation = 1.540538

60

Quality : Calculated

Cas(PO,),OH

Hydroxylapatite, syn / Calcium Phcsphate Hydroxide

Lattice : Monoclinic

S.G.: P21b (14)

a= 9.42140
b= 18.84280
c= 6.88140
&b = 0.50000
/b = 0.36520

Gamma = 120.00

Z= 4

| Mol. weight = 502.32

Volume [CDJ = 1057.96

Dx= 3.154

Vicor= 0.52

ICSD COLLECTION CODE : 024457
TEMP=RATURE FACTOR : ATF

ADDITIONAL PATTERN : See PDF 9-432.

*Calculated from ICSD using POWD-12++, (1997) primary reference :

*Science, volume 180, page 1055, (1573) :
illiot, J.C., Mackie, P.E., Young, RA.

Radiation : CuKa1

| Lambda : 1.54C30

Fifter : Not specified

d-sp : Calculated spacings

1!
17|
17
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Pattern : 2-647

Radiation = 1.540598

61

Quality : Deleted

Ca, P, 0,

Calcium Phosphate

Lattice : Not assigned ° Mol. weight = 254.10

S.G.: (0)

T
I
|
|
|
i
|
|
|
|
|
|
|
|
1

GENERAL COMMENTS : Form I

GENERAL COMMENTS : High temperature form (chilled from 750 C).
GENERAL CONMENTS : Forms irreversibly from Ca2 P2 O7 - Il at 700-750
(o]

ADDITIONNAL DIFFRACTION LINE(S) : Plus 24 lines.

OPTICAL DATA : A=1.585, Q=1.604

MELTING POINT : 1300 qeg.

DELETED AND REJECTED BY : Deleted- Seems to be a poor unindexed
pattern of the beta fom.

“Private Communication, primary reference :

Monsanto Che.nical Company, St. Louis, Missouri, USA.
“National Research Council Bulletin, optical data :

Data on Chemicals for Ceramic Use, 107.

Radiatior: : CuKa Filter: Beta

Lambda : 1.54100 d-sp : Notgiven

2th |

14.827
18.907
20.447
21.984
24.165
26.997
27.858
29.053
29.757
30.273
31.027
32.173
32.902
33.666
35.165
35.452
36.496
37.604
38.784
40.041
40.606
42402
42.824
43.473
44,600
45,068
45.790
46.789
48.930
49.498
50.079 '
51.511!
52.230|
53211,
53.547
54.936
56.660 |
56.783
57.168 |
57.559 |
58.357 ,
58.765°
59.599 |
60.459 |
60.899
62.260|
62.728

63.204
63.687
64.179
64.678
65.703
66.229
67.307
67.861
68.425
53.583
70.178




Pattern : 3-713

Ca; (PO, ),

Whitlockite / Calcium Phesphate

Radiation = 1.540598

62

Quality : Deleted

Lattice : Not assigned

S.G.: (65535)

Mol. weight = 310.18

Dm = 3.120

DELETED AND REJECTED BY : Delete: Post parcel of February 2, 1958.

MELTING POINT : 1670

COLOR : Colorless

SAMPLE SOURCE OR LOCALITY : §
Min., Howard Univ.

pecimen from Clifford Frondal, Dept. of

OPTICAL DATA : A=1.626, B=1.629, Sign=-

“Private Communication, primary reference :

Allis-Chalmers Mfg. Co.

Radiation : FeKa1

Lambda : 1.93597

Filter : Not specified

d-sp: Notgiven

2th i
13.957; 30
15.672| 20
17.306| 50
22206 30
25.208| 20
26111} 30
26.832| 10

'28.127| 70
29.961| 10
31.362| 100
32655 10
34743 70
41989 10
43917, 10
45.068| 10
45.790| 10
47.306| 50
48.376| 30
48.930| 30
50.674] 20
519111 30
53.547| 50
54.233! 30
54.936| 30
57.168| 20
57955/ 30
60.026| 50
64.179| 30
65.186| 30
66.763| 10
77.549| 10
85.017; 10
87.889: 20
94.381! 20

:

hi

k I
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