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Appendix A

X-ray Diffraction Card
of

Hydroxyapatite

(Cz,(PO,),0H)

70

9-432 mason .CORRECTION

] 2.4 2.7 272 017 €, [P0, ), (01) Va{elai;. 36, (0, ), ] *
i 100 2] ro It CaL v Hypaon ) pr
O Vo gt P ¢ tongTraratinr]
Pad, Cuka, 4 1,04 Filter Ole. 184 Fass «A 1, [ AA T, | wm
Cus ot 20 Wt Vit rent (Cutwica camrns) 8,17 u 100 1.040| 1| <0
Nef, ofWirr, Treiwm, Miva, Difuar, Droret, HoLLame [T . 101 1.000 ¢ M
‘ {.12 4 110 LM 20| 221
Sye. Hezscomat 5C. Péyu {11¢) edd . ‘;":? i i
o N T €0,730 * ’
72 De 116 1.1 | ™ fuMY{ 40| 3
- ’ T 3 &§ Jodd | 40§ (D2 Lax| an|
Aet. 1o, 2.1 12 102 | 12 420
- .00 | w| 0 L3 18 [ 402,503
ta Aud Iy Siga =214 1100 | 219 1.722) 20| a1
thd L U Calur 7180 w0 | 12 tegaa| 4| tew
ftef, 20| @] a0 lobdd | 10 | 321,123
- 26351 23 | ron 1.611 L B I
L/T, a0 ptan vaLurs raou a PATTIAN BHICH Swcwd . 2.324 ¢ 201 1.587 4 30¢ , 204
SLICHT SROAMDNIGE O PAL S ALFLECTIOwS, 2.2% [} 212 1.542 4 420
SaurlLl OBIAINID rOLLOwING TiC FROCCOMAT 1m013ATCD oY 28021 110 1.730 é 11
Mt €.3., Imo, Cmc. Cutu, Adwae. £0. a8 16 {1m0). 22m) 2] a2 1801 | g | T4
. l.148 | 1w i 1aaTa| 32 s02
284 40 tdes | ¢ | w0
2.08% (] 113 PUS T :




71

ﬂﬂm Designation: C 373 - 72 (Reapproved 1982}
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Appendix B

Standard Test Method for

WATER ABSORPT!ON, BULK DENSITY, APPARENT
POROSITY, AND APPARENT SPECIFIC GRAVITY
OF FIRED WHITEWARE PRODUCTS!

This standard s inued onder the fixed dﬂ;ullon CI7li ke aumber immediatcly following the cenignzion indicatas the yer of
erginal ;dofmon ar, in the cax of rzvisian, the yair of Lt eviion, A numbxr ia arenthaes indioia the yaar of bat ruppm-ai.‘
A supcrscript cpsilan (1) indicat= an oditora! change since the Lt rovision or reapproval,

. Scope
1.1 This method covers procedurss {or de-
termining wuler absorption, bulk deasity,

upparcnt poro..:(y. and apparent specific
gravity of fired unglazed whiteware products,

2. Apparalus and M;Ic{-i:ls‘:_

2.1 Zalance, of adequate ezpacily, suiladle
to weigh accurately Lo 0.01 g.

2.2 Oven, ¢zpable of maintaining 3 lempe:-
ature of 150 5 C (302 = 9 F).

2.3 Wire Loop, Haiter, 67 Baskel, cagadle
cf supporting specimens .under water for
mzking suspended mass racasuremenls.

2.4 Container—A gl..:.s bc:kcr or similar
container of such siye and shape thatl the
sample, when suspended {rem the balance by
the wirc loop, specified in 2.3, is conpi:'ciy
immersed in water with the sample aad the
wire loop being complclcly fres of conlact
with any part of the container,

bcul::d
2.6 Distilied Water.:

3, Tcst Spccxmcru

3.0 Alleast 5 rcprc.vrtzlw: lest specimens
shail be selected. The! spcamms shall be up-
glazed and shall have 35 much of the susface
frcshly (rzclured as-is'practical, Sharp cdges
or, corners shall be removed. The specimens

shall cor\l:un no cricks The' individual tesl’

specimens shall weigh at lc:-.:t 50 g

4, Procediire
4.1 Dry the test "spec

.

imeas lo consiant

.mass {Note) By heating in an oven 2t 150 C:

(302 F), followed by cooimg ina du:c_ator )
Determine the dry niass, D, to lhc n:.re.st

-0.01 g.

" NGTE—The drying of the specimens L6 constant-

. mass and the determinalion of their masses may bx

done cither before or afler the specimens have beeh’
impregnated with water, Usu:liy the dry mass is
dct:rmmcd before impregaztion, Heowever, il the
spezimens are friable or evidence indicales that par-.
licles have broken loose during the impregnalior,
the specimens shall be dricd and weighed after the

“suspended mass and the saturated mass have been

delermined, in 2ecordance with 4.3 and 4.4. In this
€a3c, the sceand dry mass shall be used in sl appro-,

* prialc caleuintians.

4.2 Place the specimens i1 2 pan of das-

*tilled water 4nd bail Tor 5 h, taking care lh:u

the specimenas are covered with water at all

-limes. Use seller pins or some similar deviez

1o separaie the specimens. [rom the botlom’
and sides of the, pan and from’ zach other:
Aller the 5-h “bail,, allow (he” specimens ta-

12,5 Pen, An which lhc specimens m:xy be. 303k for an addlhon:134h

‘4.3 After |mprcgnalton oI thc lr.st"spcc:

.mens;-determine to thc nearcst - 0,01 g-lhe

mass, S, of cach sp-ccnmc". while’suspended i,
walzr, .crform the wmghmg by placing -the.
spc.':lr'.cn in a-wirc loop,. halter, or*baskelthat

s suspended frorn oré2arm of the)balance

Before :clu:uly WCIghlng, .ounlcrb:l:nc..-lhc

_SCIlc wilh Ihc loop.’ halter,:or+ basket in pl:u

and immerse 1n waler {o Lhc s.xr.c dcpln as is
used when the, spccxncns ..rc m pi:Co SN itis

*This methed s \md:r the'jurisdiction of ASTM Com:
mittee C-21 an Ceramic Whitcwarzs and Relaicd Producu.

Current oditicn approved Ay 29, 1971, Publithad
Octaber 1972, Originally nublithes a3 € 373 - 33 7, Lt
previous oditinn G 17 < 34 (1970);



desired 1o ‘determinc only the percentage of
waler “absorption, omit the suzpcndcd mass

operation.
4.4 vﬁ!rcn;thc*détermmahon‘%f’"tﬁ""su:

'peadedSmass uo?';‘an’c't:ﬁm Pregnitgityil:the

‘uspended Thasstis’ n&'dci‘cnnmcd"‘tﬂ"l‘ ich "
_pc*lmcn.llghl!y_‘,mlh‘_'a ‘moistened MRl reY *
finex;orsectlon “cloth~lo M emove fall et .

w:lcr"l'rom thesurface; " 2nd ! determine ‘the -
saural_cd mass,"M% to the aearest 0,01 g, Per.
‘lerm the blcuing operation by rolling the
specimen_fightly on the ‘wet cioth, which shali
pr-v:ousl/ have been salurated with water and

then. prcsscd only cnough 1o remove such -

waler_as. will, dr:p from the cloth, Exzcessive
biotiing wUI :nlroduc: crror, by wnhdrawmg
“waler !'rom ‘the'; porc.s of the specimen. Make
the we:ghmg m‘:mcdmlcly after_blotling, the

wholc opcrnl'on bclng complclcd as. quickiy

3 possublc to minimize errors ducilo evapora-
uon o[' “zlc' frd't‘n the soc:m:n =" -

' ‘5. C:Iculatloru

5.1 !n the. followang calculauons the as-
sumplion is made that | em? of waler weighs
" I g. This is-true within about 3 parts in 1000
for water at room lemperature, -

30 C..cu!at: the éxterior volunc Y, i,
Cl.lb'lc ccnum:lres as follows:

VHS

AN H 2 Calcul.lc. thc volumes of opcn pores
ind impervious poruons in“cubic esatimetres
as [oliows:_

Yo!uq‘_ne;giropEn pores, t.‘m' - M:=D
'..:.D "-,S

5.1 J The app:rcnt"poromy. P expresses,
a5 . pcrc:nlagc. the Teiationship ~of the
\'olumc .of’ the-t opcn :pores.of the specimen to

Yolume 6f5§np¢'n;iou: partions, em
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its exterior volume, Calculate the apparent
porosity as foltows:
P = [(M - D)/V] x 100

5.1.4 The waler absorption, A, expresses as
8 percentage, the relationship of the mass of
- watcr absorbed lo the mass of the dry spec.
imen, Caleuiate the water znsorptlon a; [oi-
lows:

A= M~ 2)2] < 100

5.1.8 Caleulzlc the appareat specific grav.
ity, 7, of that portion of 'the test specimen
that is impervious.lo waler, as follows;

T-0/D -5
516 The bulk dcnsuy. 3, in grams per

. cubic ceatimetre, of a specimzn is the quotizat

_ofits dry mass divided by the exterior vol-
ume, including pores, Calculuc the buik dea-
Sity as foltaws:

-0/

* 6. Report

6.1 For cach property, report the average
of the values obtained with at least 5 speci-
mens, and also the individual valuer. Where
thers are pronounced diffcrences ariong the
individual values, ancther lot of § s:zscimeas

"s,hall be tested and in addition Lo individual

values the average of all Q. delerrainations

.shail’be reported.

7. Precision and Accuracy )
1.1 This method is accurate to 0.2 per-

-cenl water, absorplion in inicrlaboratory.

testing when the average valuc recorded by all
laboratories is assumed to be the truc "waler

‘absorption:~The precision is approximately

#0.1 percenl’ waler absorplion on mecasurs.
ments made by a singlc experienced operator.

ﬁIAMdWSodﬂyfer Tcﬂh; enJ Hicricls takes ra .drl.nn-rnpecthg the ralidlty of any Ptm Aights assersed in

BAancellon withgny iron

h.ﬂdr.lau’ur& Users cflk..l

zandard ere cxprendy advited thet dacrminarion of the 1ofidity

jciy-wdlpuml ﬁ;uwﬁen&ofbfrh“e'nwofudﬂ;ks. ﬂalbdylﬁa-mwb 7.

- -

. TNt ftenderd tr Jubjt:r e n.'ri.inn ttme &
od § nat reviced, dther reappre -uhd{

dn- ‘repensthle fechatial commitar and anust be revieed erery five yeors
o cammanis are invited uhrj-nrrub- of this nandacd or for additienc!

.Tandards gnd shewid be ad‘n.ud te LSTM .Hudqu-te- Your commoncs will receive e ofud considevarion ot & macting of e
‘repeatdie technienl nnwdm'c.‘ which yeu may sriend. If you fed LARs pwur eomvmonis have set received & feir Aearing you shovid
ke rour ricws known te the XSTM Commintee en Starderts, 1916 Race St, Phfladdphia, /. 19101,




Appendix C

Na;0-Ca0O~-P:05

H 1 (] 1
50~ m
9001 -
Liquid
850 -
8OO i
2Na,0:Ca0- 3 P,0,
+*
Liguid
750+ -
. ==
700} -
2Ng,0-Ca03P,0,
-
650 . Ca0 P04 i
NagQ: P
— 90" 205
2Na,0-Co0-3 P, 0,
800 ' N ! 1 1 r
No,0- P05 20 40 60 80 Ca0:P,0,

Fi1c. m.——Smem NayO - P;0pr-Ca0- P10y,
G, W, Marey, J. Am. Chem. Soc., T4, 5783 (1952).



Appendix D

Caiculation of Glass Formulation
From chemical analysis of hydroxyapatite
CaO 54.0 wt.%
P,O5 41.3 wt.%
Na,O 1.22 wt.%
MgO 1.24 wt.%

Convert to mol by dividing wt.% with molecular weight
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Ca0 = 0.9629 mol = 1.0000 mol
P,05 = 0.2909 mol = 0.3021 mol
Na,O = 0.0196 mol = 0.0203 mol
MgO = 0.0307 mol = 0.0318 mol
C1 0.02 mol'Na,0

CaO | P,0; Na,0 MgO | wt(@ | wt@
expect 0.98 1.00_ 0.02+0.0203 | 0.0318 - -
0.98 bone 0.98 0.2960 0.0118 0.0311 | 994534 | 4947
require - 0.7040 0.0205 0.0007 - -
add NaPOHPO, | - | 2x0.0205 - . 7.4595 | 3.7
add P,04 - 0.6630 - - 94.1062 | 46.82

201.0191 | 100.00
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€2 0.03 mol Na,Q
Ca0 P,0; Na,O MgO wt.(g) wt.(g)
expect 0.97 1.00 0.03+0.0203 | 0.0318 - -
0.97 bone 097 | 02930 0.0197 0.0308 | 98.4483 | 48.92
require - 0.7070 0.0306 0.0010 - -
add NaPO,HPO, - 2x0.0306 - - - 11.1347 | 5.53
add P,O, - 0.6458 - - 91.6648 | 45.55
201.2478 | 100.00
3 0.04 mol Na,Q
Ca0 P,0; Na,0 MgO wt.(g) wt.(g)
expect 0.96 1.00 0.04+0.0203 | 0.0318 - -
0.96 bone 0.96 | 0.2900 0.0194 0.0305 | 97.4836 | 48.37
require - 0.7100 0.0409 0.0013 - -
add NaPO;HPO, - 2x0.0409 - - 14.8826 | 7.39
add P,0; - 0.6282 - - 89.1667 | 44.24
201.5329 | 100.00
€4 .0.10 mol Na,O
Ca0 P,Oq N1a,0 MgO wt.(g) wt.(g)
expect 0.90 1.00 0.10+0.0203 | 0.0318 - -
0.90 bone 0.90 | 0.2718 0.0182 0.0286 | 91.3320 | 45.02
require - 0.7282 0.1021 0.0032 - -
add NaPO,HPO, - 2x0.1021 - - 37.1521 | 18.32
add P,O, - 0.5240 - - 74.3765 | 36.66
202.8606 | 100.00
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€5 0.15 mo]l Na,Q
Ca0 P,O, Na,O MgO wt.(g) wt.(g)
expect 0.85 1.00 0.15+0.0203 | 0.0318 - -
0.85 bone 0.85 | 0.2567 0.0172 0.0270 | 86.2582 | 42.28
require - 0.7433 0.1531 0.0048 - -
add NaPO;HPO, - | 2x0.1531 - - 55.7100 | 27.31
add P,0, - 0.4371 - - 62.0419 | 3041
204.0101 | 100.00
€6 (.18 mo] Na,0O
Ca0 P,04 Na,O MgO wt.(g) wt.(g)
expect 0.82 1.00 0.18+0.0203 | 0.0318 - -
0.82 bone 0.82 | 0.2477 0.0166 0.0260 83.2210 | 40.66
require - 0.7523 0.1837 0.0058 - -
add NaPO;HPO, - | 2x0.1837 - - 66.8447 | 32.65
add P,0, - 0.3849 - - 54.6327 | 26.69
204.6984 | 100.00
- €7 0.20 mol Na,Q
Ca0 P,0, Na, 0 MgO wt.(g) wt.(g)
expect 0.80 1.00 0.20+0.0203 | 0.0318 - -
0.80 bone 0.80 | 0.2416 0.0162 0.0254 | B81.1845 | 39.57
require - 0.7584 0.2041 0.0064 - -
add NaPO,HPO, | - | 2x0.2041 - - | 742679 | 3620
add P,0, - 0.3502 - - 49.7073 | 24.23
205.1597 | 100.00
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