CHAPTER 4

RESULT AND DISCUSSION

Characteristics of t3~' j“hi';;ﬁ sre Incubation

4.1 Chengie® /’ s Wilk Specimens
of MP and TP before
incubation in shown in the following

tables.
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Table 4.1 Chemical composition of MP and TP hefore

inecubation .in SBF.

HA Type MP TP

Compositio (1220°¢/ 2 hr.) tlﬂﬂﬂﬁcf 2 hr.

Ca (%) 39.2

P (%) 13.3

Ca : P 1.86 = 1
Impurities

Mg (%) 0.93

Fe (%) {0.02

Zn (ppm?} 42

Cu (ppm) 2

Mn (ppm 5

As ;',;__—' <0.5

cd (ppm) || N f,'," <0.5

Pb (ppm) e <5 O/ <5

« SRS AVNEUIWEING

AT IV, on

and Service Co., Ltd.

The ASTM chemical allowance of trace elements

in the hydroxyapatite was shown in table 4.2
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Table 4.2 The concentration of trace elements in

the hydroxyapatite (ASTM F 1185-88)

Element ppm, max.

From tableg Ea’ be summarized that

the concentration g "':Ui'°'i , MP and TP was in the
ASTM limitation.

The Ca : B ¥6h tos table 4.1 indicated that
- - Li stoichiometric HA

t'o etric HA has Ca :

two types of NHRAT_CHE nd TP warTe D

having Ca - defici:-

uﬂ

= 1.87). After ‘nnmpar1aun of the minor composition or

impurities ﬂ '”{EJ %’% gﬂq w{”ixﬂ %at. MP contained

higher impurﬂ!ies espec1aljy zinc.
4.2 Phase Analysis of Bulk Speciuens
The phase of tuwo kinds of HA specimens was
analyzed before incubation in SBF. The phase present was

hydroxyapatite, as shown in Fig. 4.1
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Fig. 4.1 XRD pat! }l‘“'i 1"TP Bulk specimens before

incubati - |
idicated the well-
crystallized stagi ; i specimens.
f) HEFRURINRI G ons

Functional group of MP and TP specimens before

tncusa Ao a@m@uwﬂamwn Fig. 4.2



52

%®T

we number {cm')

Fig. 4.2 fé;;~-m~-“~~" IPEJP and TP specimens

ly J
The# sinfrared gabsorption spectra of the

sintered hﬂuﬂ ’JnmsEJ m‘ﬁ'ﬂ EJc’!l:ni‘j in SBF showed
Q RYSINIH HAATNE &E.Lsmﬂd b

OH™ stretching vibration mode. Peaks at 635 cm wa

assigned to () = 600 and 1040 to 1100 cm ° were
assigned to PO . The small peaks at around 1600
and 3400 cm = were relevant to water (H_0). The IR spectra

of both sintered bulk specimens indicated that there was no

OH 1loss in the HA structure.



4.4 Bulk Density and Porosity of Eulk Specimens

The bulk density and porosity of sintered bulk

specimens before incubation in SBF were shown in- Table 4.3

Table 4.3 The bulk density and porosity of sintered

bulk specimghs Wef ore incubation in SBF.
Specimen Porosity
¢ % )
e -
MP (1220 c/2 0.74
TP (1200 c/2 LF.F AP 0.60

NBE. Values in ps

d

theorefitaddensily (looom ollicad ensity of HA =
yj 1 #

3.16 g!qE‘r

# SD. = Fur 0 samples

sﬂuﬂ%ﬂ 'ﬂ‘iWEJ']ﬂ‘i
’Qﬁ’] ALAIUUNRAIRAAY

relative density to the

The grain size of MP and TP sintered specimens

before incubation in SBF did not reveal enough detail so 0.25%

H PO, etching for 15 sec. was used, as shown in the following

figure.
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jF : _rﬁ-mbc;n yruﬁhuqéﬁbﬁ rulk-spgg;mens
fah 'uB, VA TP hei“or‘e

b d2t Fn in sBF

0.25 # H_PO, etching for 15 sec.

The characteristics and properties of MP and
TP sintered specimens could be summarized as in the following

tables.



specimens.
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Table 4.4 The characteristics and properties of Mp and TP

Sintering Condition

Type of Specimen

TP

Temperature (°¢)

Soaking time (hr.
Atmosphere ‘

1200

Air

I\
fo

Bulk density (ggl - T

3.03

Relative density BN
(% Theoretical dengity

98.0

Phase prese;%--’

(xRp) WA )

|
|
o

HA

(well crystallized)

AU nnSHID

’
Iflj:hibited.
at wave number

AN IR TINE T Y

Mierostructure

grain size (um) 1 -2 0.5 - 1
Pore Intergranular Intergranular
Pore size (um) 0.5 D.1
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In this incubation study, specimens were
observed with naked eves every 7 days. The results were as

follows @

Table 4.5 Observation results of MP, TP specimens with

naked eyes

Time (days)

Edge
0 sharp
T sharp
14 sharp
21 sharp
28 sharp

appEﬁ?S on the middle of t-a

i ﬁ‘%ﬂ“’}%ﬁ 1 WEAT S

all over thafsurface in 90 days i

o ANAGATRUNIINYNAY oer

Table 4.5 showed that there was some change on
the surface which was so interesting to be studied further by

special procedures on the following details.




Changeable Characteristics of Bulk Specimens After

Incubation

4.1 Observations with the Scanning Zlectron

Microscope (SEM)

Ageahla appearance on the

surface of two kind®

in details.

AULINENINEINg
ARIANTAUNNIINGIAY
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60 days ' 90 days

Fig 4.5 [ Changés Jon [thie [surdacé 6f TP eyposed to SBF

: ~ solution.
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The SEM observation in Fig. 4.4 showed the
changeable appearance on the MP surface. After 30 days in
SBF the vwhite solid phase formed on the surface of MP
specimen and it increased with longer time of incubation,
finally it scattered all over the surface after exposure in

SBF for 380 days. When obgep osely in each solid phase

it was composed of pdny Agelofdldles vith the size of 1-8
um. In each agglomem -"“ﬂui;; ticles were observed
especially at 90 dayse®leiiicubat: Tthase primary particles

had the characterid@®id i/ df =dicu hdpe of 0.3 - 0.4 um.,

aspect ratio = 3.7

i@ @hagacteristics appeared

Figs
on TP was the sam \' ter incubation of TP

specimen in SBF for owed that the agglomerate

particles 1-3 um} wexgﬁﬂghggﬁ the primary particles

in acicular u;i;;:;.::;,_—_:;;;_ ...... :;:;;;;,;-..;: - 0.4 um), aspect
7 AX

-_
WA

ratio = 3.75 as

i |
W ¥

AULINENTNEINS
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Fig 4.8 _The morpholody of newl§ formed sd¥id on the

s@rfice! of ME Epetinenfcafter I day incubation)
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Fig. 4.7 The mofplelogy of thé newly formed 5o0lid on the

'surfaee o6f 'TPspecien '‘aftér 9d° day incubation)

AN . -
*The ﬂrimﬁfi particle 1in aciéuiﬁr shape was
formed on the surface of MP and TP specimens after incubation
in SBF for 90 days. Hyakuna et al., 1990 found the needle-
like solid on TCP and HA specimen after incubation in
PECF(+) (pseudo extracellular fluid) for 14, 28 days,

respectively. The morphology was shown in Fig. 4.8.



Fig 4.8

———

— -JJ

Changcﬁ on the surface of Hﬁdand

TCP exXposed to

solutlon PECF(+). (a,b) HA, :c d) TCP. The time

tequired’ dov éﬁliﬂ-ph&#erfﬂrmaﬁidn was estimated

to be 14 days far TCP and z28 days fur HA.

'fmyakuna et, al., 11990)
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4,2 Chemical Analysis of Bulk Specimens
After incubation of MP and TP specimens in

SBF for 90 days, these specimens were removed to dip in

deionized-distilled water for 1 hr., and the nevly formed

solid phase was ed . out,. pjhe chemical composition of
these bulk specimens 47; - ‘ : analyzed in order
to compare with thgse H cibatdon. Table 4.6 showved
the chemical comg k specimens after

20 days of incuba

AULINENTNEINS
RIAINITIUNRINYINE
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Table 4.8 The chemical composition of bulk specimens

of MP and TP after incubation for 90 days.

HA Type MP TP
| Compositio
Ca (%) 38.2
P (%) 17.9
Ca : P 1.85 = 1
Impurities
Mg (%) 0.93
Fe (%) <0.02
Zn (ppm) 42
Cu (ppm) 2
Mn (ppm) 5
As (ppm ;—",; <0.5
cd (ppm) [/ <0.5
Pb (ppm) = o/ <5
e Bl 'WIEWJTWEI’] 9«

AR TUARVININAL o« v e

TP hefare (Table 4.1) and after (Table 4.8) incubation in
SBF for 90 days, it could be summarized that the incubation
in SBF caused the decrease of Ca : P ratio in MP and TP
respectively but the impurities of MP and TP did not change.
Although ¢Ca : P ratio decreased, the bulk specimens could

still be considered as hydroxyapatite and they were checked
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by X-ray diffraction.The Ca:P ratio in both of bulk
specimens after incubation for 90 days decreased due to the
weak point of HA structure (PP.10-11) where ca®’ in the
column easily moves into the solution.

To make sure for the high impurities

especially zinec, the SBF sa was collected every 7 days

the quantity - tha @ by ICP/INAA method;
the result showed r,f Lhere m:?":- little zinc in this
solution which was gindéyGcted b _f\;Jstrunent (Zn < 0.02
mg/l). Zn is a ‘Hutﬂ the body. Since
the release of 2y :’TJ:,; - Wal E{. ittle it suggested

bone could be used as

that hydroxyapati e T

implant in human body

hr phasa of twn kind- of HA specimens was

e o AN AT

The phase esent was hygrnxyapatite, as shown in Fig. 4.6

e i RINTUUNIAINAY
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Functional groups of bulk specimens before
and after incubation in SBF for 920 days were examined by

FTIR, as shown in the following figures.

&T

g

uﬂ"""namwmm" .

waye number ‘yn )

ammnmumwmaa

ig 4.11 IR absorption spectra of MP bulk specimens
(a) Befnqe incubation in SBF
{b) After incubation in SBF, pH = 7.4,

37°c for 90 days.
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ib) After incubation in SBF, pH = 7.4,

37 ‘¢ for 90 days.
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From XRD and IR results showed that there
were no éhanges in phase and functional group of two types
of bulk specimens. The phase present of MP and TP before
and after incubation in SBF for 90 days was still well-

crystalline hydroxyapatite.

The sisity “and porosity of bulk

specimens before SBF, pH = 7.40 for

90 days were shown

Table 4.7 Bulk d of bulk specimens

before | ion in SBF, pH = 7.40,

I g ays
~?ULJ*'

37°c for.

Y}
o

|
1 i¥

Bulk q?ﬂiity {gfcm:} Porosity (%)

ahfura o ¢ After al Beforeg, I After
MP 2.95 (93.2 %)|2.90 (91.8 %) 0.74 0.79
TP 3.03 (96.0 %)|3.00 (95.0 %) 0.60 0.64

NB. Figures in parentheses were the density relative

to the theoretical density (% TD).



Table 4.7 showed that the bulk density and
porosity of MP and TP after incubation in SBF for Bﬁ days
were changed. The bulk density decreased by 1.5 %, 1.1 %
and the porosity increased by 6.8%, B.7% in MP and TP

respectively.

form of Ca and

following figure.

11 ) AR1E67S

(b).
Fig. 4.13 Ca and P dot mapping of MP bulk specimens.

ta) Before incubation in SBF.

(b) After incubation in SBF for 90 days.
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Fig. 4.14 Ca and P dot mapping of TP bulk specimens.
(a) Before incubation in SBF.

(b) After incubation in SBF for 90 days.



From Filg. 4.13 and 4.14 showed that the

concentration of Ca and P in the bulk specimens before and

after incubation in SBF did not change. The changed in Ca, P

concentration could not be detected by this method, but

could be detected by the .chemical analysis in Table 4.8.

4.6 Fresh Frachure $52£?ce

After

(a) (b
Fig. 4.15 The microstructure of fresh fracture surface
of MP and TP specimens before and after
incubation in SBF for 90 days
(a) MP

(b) TP
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The microstructure of fresh fracture surface

in Fig 4.15 showed that the newly formed solid did not appear

in the bulk of the specimens, but only on the surface

Identification of the Newly Formed Solid

4.1 Phase Aud " /é

The very best to identify

the new formed so id phase was scraped
In the other way the

li_'ere ground together.

relative
intensily

Formed :ultd on TP

ﬂﬁﬁW

Natural cattle bone

AR mmmﬁmw

Fig. 4.16 XRD patterns of new formed solid on MP and TP

bulk specimens after exposure to SBF for 90 days.
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relative
intencity

& ﬂﬁ%ﬁ'ﬂﬂ%‘lﬂ&l%’iﬂ&?ﬂf P bulk

specimen bgfore incubation in §B

WV Vo ad

mixed with MP bulk specimen after

exposure to SBF for 90 days.




relative
intensity

ﬂ'lJEl'WIE.WI'iWEI"Iﬂ’i

Fig. 4.18 a} XRD patterns of surfaces of JP bulk

CUQPRREGI Tt ara (T

(b) XRD patterns of new formed solid mixed

with TP bulk specimen after exposure to

SBF for 90 days.

7T
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From XRD patterns of the newly formed solid
showed broad peak similar to the natural cattle bone. It

indicated that natural cattle bone was not-well-crystallized.

After comparing the XRD atterns of the mixture of newly

formed solid and bui!. ; and TP) after exposure

¥ péﬁ:f bulk specimens (MP
\\\\,

hydroxyapatite phas 0§ [hua Lypes the bulk specimens
- .’"«.

v y formed solid. oOn

in SBF for 90 days™w
and TP) in Fig. W1 T "ahd could be summarized
that the sharp pg / well-crystallized

became brpadar

the other could d peak of the newly

formed solid became a per vhen mixed vith the
bulk specimen. This as found in both MP and TP

specimens.

ﬂ'lJEJ’JVIEJVI‘ﬁWEJ’lﬂ‘i
amaﬁnimumawmaa
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4.2 Functional Group

Infrared reflection spectra of the specimens
before and after incubation in SBF for 90 days were shoun

below.

wave number (cm.)

Fig. 4.19 IR reflection spectra of MP.
(a) Before incubation.

(b) After incubation in SBF for 90 days.
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fa).

OH

i W \ ﬁ

wumber (cm.)
spectra of TP.

O

W in SBF for 90 days.

The? &infrared @eflection %pectra of bulk
i

secinens FPUE) AT TNEID T v rore
)it el S L

on the surface of two bulk specimens after incubation in SBF
for 90 days showed the peak at 1410 em = which was assigned
to CO:' in phosphate site (Voegel and Garnier, 1879). This
IR reflection spectra revealed G{J:_' group in the newly

formed solid but not in the bulk of both MP and TP specimens.
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4.3 Elemental Composition
The elemental composition of newly formed

solid phase was determined by EDX, the result was shown in

Fig. 4.21.

ﬂﬁﬂ’mﬂéﬁﬁymﬂﬂ‘i
Qﬁﬂﬁﬁﬂﬁmmﬂﬂﬂﬁl’]aﬂ

ig 4.21 Elemental composition of newly formed

solid phase on MP and TP specimens

This finding showed that the newly formed
solid on MP and TP specimens after incubation in SBF for 90

days was the compound of calcium and phosphorus.
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The resulté from three methods (XRD, IR and
EDX) of analysis of the formed solid, were summarized that
the newly formed solid on the bulk of both MP and TP
specimens was a not-well-crystallized calciumphosphate

compound with carbonate group in the phosphate site

structure. This ,Vylr Woe omposed of many primary
particles in i “?nHFZ'-- was found only on the
surface of MP and 7
onded loosely on the
bulk surface 'MP and TP after
incubation in RZ- decreased, and the
porosity was incrgass _JT*f; char esh on the surface of
two bulk specimens ise in Ca : P ratio of

the bulk specimens.

Analysis of L;:;

.,i
o

concewtpgation of Cayand P in SBF was determined

by 1cP ,ef,.ﬂauﬂ’inﬂmﬁﬂﬁlﬂﬁs when MP and TP

were incuhated in SBF.

QWWﬂﬁﬂ‘ifMJW]’mEl']aﬂ
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Table 4.8 Changes in SBF solution expressed as concentration

of Ca and P ions with incubation time of MP specimen.

Time (days) P (ppm)
0 31.00
7 28.75
14 28.58
21 28.94
28 28.50
35 28.64
a2 28.70
49 28.55
56 28.86
63 28.45
70 = 87.51 28.57
" AYEIRINNT =

| | 874 486 28.45
am qnimmmmaﬂe
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concentration of Ca (A) and P (a8) ions

with incubation time of MP specimen.
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Table 4.9 Changes in SBF solution expressed as concentration

of Ca and P ions with incubation time of TP specimen.

Time (days) P (ppm)
0 31.00

7 29.49
14 29.28
21 28.31
28 29.29
35 29.37
'42 28.55
49 29.57
56 29.79
63 29.82
T0 = Y 29.85
- AUYTRBNINEYING .
84 1| 92 459 . ‘3-4?
ARIRINTARNIINE8L.

q
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Fig 4.23 Changes in SBF solution expressed as

concentration of Ca (4) and P (A} ions

with incubation time of TP specimen.

26
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The results of changes in SBF solution showed
that the concentration of Ca and P ions in the solution
decreased every T days. For MP incubation, it was found
that the concentration of Ca and P decreased more than that

of TP incubation because of the higher porosity in MP (93%

TD. for MP and 96% TD. fox W
The i1/l P concentraton of SBF
_4..;"’-‘5

solution (as the I BT =~ 4.23, renewal of SBF
solution was done e 7 \ ,“ﬁh id. have been caused by
the precipitation g7 k_.#‘ 4 o4l on the surface of
MP and TP. MP an d€hed as the substrate
and seeding materi in the type of
heterogeneous nucle

So d been considered as a
homogoneous prapgss, nf luence of solids other
than the t:ér-?__"::'_"r:',,‘ff',"“_ﬁ:"""'—-'}l bred. In practice,
hnwever the influii = ¥ Utrang. Again, there
were two distinctly different mpgdels which could be assumed

o o weorefURANENG WHART: srocess. 1o

first, as hefcre, assumed that she nuclegs (critical)
resemhlﬂwqﬁﬁﬂtﬁ&m u%ﬂQMH'}aFﬂ 4.24 the
influancg of the substrate was shown to affect the coherence
of the interface by causing dislocations. Turnbull and
Vonnegut iquoted in Walton, 1979) had explored this model
and concluded that the energy barrier to nucleation was
modified in two ways. First the deposited nucleus was

distorted, affecting the interatomic forces and second, the
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introduction of the solid-solid interface modified the

surface energy requirements.

deposit

substrate

Oo=—C0—-0——0—-8—8—8— 9

Fig. ﬁ%’%ﬂ’ﬁlﬂ%ﬁtﬂ Pdodel] Jror  the

arrangement of atem in the i

ammmmum'mmaﬂ

The lattice disregistry between deposit

terfacial

and substrate lead to distortion and dislocations in the

deposit surface.
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Fig. 4.25 (g¥. Mide ¢ he twosdimensional coherent

+\\ ions onto an ionie

p-dimensional incoherent

interacting ions.

Frog F Fig.4. 25(a) ., the clustering process

folloved a ﬂr%g@ %Hﬂ?ﬁﬂd&*’iﬂ diffusion, and

1n¢nrp0ratiﬂn into the clugter. In this particylar model the
positidh] Y0 | QoA I hbokl W bl Fhed] Bleibery vy ene-
substrate lattice configuration and would be applicable to
the deposition of weakly interacing ions or molecules which
were strongly adsorbed. Such a situation might, for example,
apply to the deposition of (111) planes of oriented alkali

halide crystal as shown in Fig.4.25(b). Clustering was



20

determined by the lattice of the deposit rather than the
substrate, although the most favorable energetic process
st,ill corresponded to a perfect lattice match between deposit
and substrate. Such a situation might occur with (100) or

(110} deposition of alkali halides.

ger agglomerate particles

the different substrate

lattice configuration G ﬁﬁﬁ;::; men that acted as the
substrate in thig, ; Qi}?ﬁ?lgh grain size than TP
specimeni. The _aif gaas g As. ding to the high

quantity of 2Zn W Lthe inhibitor on the

dissolution of HA A us for precipitation

was formed on MP s ! in the larger size of

agglomerate particle ? specimen surface.

the decreased ratio of

Ca:P in both f,r_'—"ﬁ____f'- be calculated
the ratio in MP wag 1.5654W : as 14B3:1.

|
uﬂ

From’ Fable 4.8 " he decreased ratio of
SavE f Gni Elﬂl&’l&flﬂﬂ-ﬁdﬂﬂ i T R
could be c&lculated. Thefratio a:P was @.87:1 and 3:1

o ve QAR WA TITE A
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