CHAPTER I

INTRODUCTION

1.1 Hydroxyapatite as Bone and Tooth Implants

The concept of implaﬂt;ﬁafg_material into living systems
to replace bone or tocoth dechts duefto diseases, natural abrasions,
or accidents is attgactive in prosthetie and dental surgeries.
Generally the Bgé ‘féacts tglthe foreign materials to get rid of
them. The impla ‘mnst, mheéefore, be chemically and physically
inert to the s?pe§ %n ordersto effect the healing processes of

the wound : cheﬁlqal;y, the 1mplant must not induce biological
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rejection and muét mot gave rr% to toxicity problems ; physically,
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they should have propéft{es 51m1155 to those of the materials which
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they are replacing.
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Ceram{c materials, even though belﬂg known to be brittle,
show a high potential for using as implant materials. This is
because “they shoy excellent) biocompatibilityjand a superior
tribological behaviour compared to metallic and plastic biomaterials.
At the beginnifg much attention has /‘been fécused On (pdrous ceramics,
sirce ﬁores distributing in such ceramics can allow for tissue
ingrowth for retention and fixation. Most ceramics that have
received trials are such oxides as Tioz, A1203, BaTi03. etc.
However, such ceramic implants, due to lack of suitable porosity,
cannot provide satisfactorily ingrowth of tissues in many areas of

dentistry and orthopaedics. 1In this context, "hydroxyapatite"




(hereafter referred to simply as HAP) , which belongs to a family
of minerals crystallizing in hexagonal symmetry which are found
extensively in nature, is emerged as a particularly attractive
candidate. -Being of similar compositions and crystalline structure
to bone and teeth, HAP, Ca10(PO4)6(OH)2, may provide the possibility
of calcified tissue regeneration following its implantation, and
accordingly effecting a.permanéﬁéifépair.Extensive investigations
of HAP implantation in animals and cl;nlcal trials with patients,
such as 1mplant1ng ;n_9nimal legs, implanting for tooth root
replacement andigpffgilllng ;lveolar ridge, etc., show that there

are tissue 1ngi:¥££f

thus resulting in

rgund the—édges and bridge over the implant,

qbng attéphment of the implant to the defect
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tissues at the inte f ce w;thoutnlnflammatlon (1=3)¢ Thus HAP has

¥
been proven to be oné of- the moaé_blocompatlble biomaterial and able
J.‘ e .‘_-i‘w‘fl k
to provide a b1010g1ca1 bcnd tOTbune or teeth.
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Manywm5:hods_haxe_heen_proposed_fardﬁre synthetic prepara-

tlons of HAP poﬁders in pure and homogeneoﬂb form. The conventional
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preparation. methods, such as the precipitation reaction,

*.
Thé., process is carried out|dt| normal temperature in a
medium of sufficiently high pH and is occurred according to the

reaction (4)

++ 3- TR ; =
5Ca + 41’0}4 + HZO s CaS(OH)(PO4)3 + I-IPO4




* *%k
the hydrothermal reaction and the solid state reaction, etc., are,

however, all required considerable apparatus and time. Recently
Sombuthawee has proposed a preparation method in which HAP powders
can be obtained by a relatively simpler procedure compared to those
of the conventional methods. Sombuthawee methodﬁgﬁ involves in the
preparation of HAP powders frqﬁfﬁattle bone and then fabricated into

a polycrystalline ceramics by meaas*’f normal sintering. The HAP
-
thus prepared bzﬂgomhuthawee method is called a cattle bone material.

It is tremendousT;f eaper ﬁYan HAP prepared by other methods,

thereby belng mys;ng candldate for low cost HAP implants.
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However, / fncﬁpq$ Iimitations in the ultimate
alaad
usefulness of HAP/is its brittleness. Incipient cracks, which act
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as stress concentr orswican eaé&ly be initiated, particularly in
v |I " "‘IJ
the highly stress reglon:’ Theiiaéldence of crackings, even on
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microscale, can cause tremendous strength qegradatlon, or even to
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~ total falluﬁej_xf extraneous stresses reach;é level at which
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The' 'process is ‘eccurred according 'to the reaction (5)

: = 500° C 360 atm
10 NO
Cé( 3) + 6KH2PO4 + 14Nadﬁ 101day3

+ 6KNO3 + 14NaNO3 + 12H20

(PO )6(OH)

* %
The process is occurred according to the reaction (5)

: 1200° C/3 hrs
3Ca (H2P04)2. H20 + 7CaCo3 H20 = N2 Ca10

+ 8H20 + 7C02

(P04)6 (OH)2

% % %
Sombuthawee method is described in detail in Chap. 2.




unstable crack growth can occur. The chief problem in design of
HAP as stress-bearing implants is accordingly the containment of

catastrophic formation and growth of microcracks.

1.2 Strength Evaluation of Ceramic Materials

1.2.1 Conventional Strength Approach
¥ i r

Investigations 6véf:;ﬁé past decade on fracture
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properties of ciiigic mater%als have indicated that brittleness

is an inherent_prﬁff A} of dSramics. Brittle fracture is essen-

tially an atomis process in which eohesive bonds are ruptured
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at the tip of gfcnécka The stress necessary to cause

such rupture varie £1 m qbtéé}al to material according to the
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tential function. Crack propagation in
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type of interato

these materials i

e

boundries, clevage plén;%, etc{?;gbg;efore, these properties

determine tnn%hness, and hence the intrinséé#strength, of ceramics.
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Practically, strengths are found to be at-least two orders of
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magni tude les;Jthan the calculated intrinsic strengths.

Gfiffith(6) was 'the first to recognize that' ¢racks are responsible
for the observed low strength in glass specimens. Griffith laid
down tﬁo major precepts in his formalism of fracture mechanics :
(i)' equilibrium extension of well-developed cracks is governed by
a balance between driving forces (assoéiaéed with mechanical energy
release) and resisting forces (associated with creation of crack

surface area) ; (ii) such cracks start from flaws which act as

stress concentrators in the stressed material. Thus a general



conclusion to be drawn from the Griffith theory is that strength
is a measure of both intrinsic (material) and extrinsic (flaw)

parameters.

It is as a direct consequence of this dependence on
extrinsic as well as intrinsic parameters that strength data
obtained from the conventional'é;fgpgth test, in which as-received

P

materials are stressed to failure inﬁéither uniaxial tensile tests
- | =
or bending tests, tend to a high degree of scatter (naturally

occurring cracks#é?gj 1dely dgspersed in size). Since it is usually

not possible 1o t?fanﬁ Qbéefve the evolution of critical crack
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sity of cragks being large, and the size
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jons 0f strength are not easily made. It is
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led to the adoption of statistical method
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to describe flaw-siZze gariations. Unfortunately, while of

e

considerable use for design purpg'ge:},_ the probabilistic approach
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offers little physical insight ints the oot flaw processes.
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A large scatter in data also makes it diffféult to evaluate the role
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of material properties in the characterizations of strength.

1.2.2" Controlled = Strength Approach

Due: to- the above mentioned difficullies associated -
with the conventional strength evaluation,rthe controlled strength
technique has ndh"emerged as an attractive alternative route to
sérength evaluation. This technique involves the introduction of
a dominant crack of controlled size and shape into the strength

test specimen so that it acts as a fracture-initiating crack in the

subsequent strength test. The capacity of predetermining the scale



and location of the controlled crack is a key element in the

fracture mechanics analysis, or the evolutions of critical crack
can be followed at all stages. The obtained strength data are

also accurate and reliable.

/

Several ways of 1 duc1ng controlled cracks for
oA

strength testing have been 1nvestlg§#; Of these, indentation
2 :

with a sharp, fi;ﬂddﬁrof;le ?iamond pyramid (Vickers or Knoop) has

" | X
emerged as the ﬂﬁgff gactica , requiring only access to a routine

hardness-testi i 1ty (7). F; The indentation crack is

characterized

l}definég geometrical pattern and can be

accurately posit oned ion any ptgspective test surface. Most

important, its s 'is neadingFontrolléd to a high degree of

reproducibility, via the 1ndentat1dﬁ load
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Recent'%tuaies oﬁfé‘%ide raf?e of glasses and -
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ceramics have;ﬁemonstrated that a key featqig in indentation crack
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evolution is the vital contribution of the residual stress field
resulting from elastic-plastic mismatch at the boundary of- the
plastic or deformation zone which.encases The sharp point and
edgés of the indenter body. As well‘as being the dominant driving
force'during ‘the formation of indentatioﬁ crack, this-residual
stress field continues to influence indentation crack during any
subsequent load applications, with consequent deleterious effect
in the strength characteristics (8Jv Strength testing of
specimens containing indentation cracks accordingly reflect on
more than just fracture toughness, the material hardness, which

quantifies the irreversible component of the indentation field,




also enters the description.
stresses into the fracture mechanics analysis, numerous recent
studies (9-11) have demonstrated that indentation fructure
mechaniCs is a powerful tool for investigating the fracture

properties of brittle materials.

Although the 1nﬁe tlon cracks are artificially
introduced entities, there is conai}f ble evidence that they do

indeed simulate the essent1af qualltles of naturally occurring

surface cracks i j} ponent  (12) : cracks introduced

by scratching, £ e flpls ng process; and spurious particle

contact are justia fe

rtlnqu examples. Thus the observations
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volutlof » from initial formation to
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of indentation-crac

ffer cohs1déra51e physical 1n51ght into damage
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processes associate wnth surfacg—g?ntact history as well as
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ultimate failure,
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provide the insight intofhicroméﬁ&ﬁqlcs of strength degradation due
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to such damaqél
-Jf
1.3 Objectlves and Scope of This Study
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In, the present 'work //we“aim/to'study: the, strength properties
of cattlefbone material using indentation - controlled strength
method ! ‘Thée reasoﬁs behind ‘thi's study have actualiy '‘been provided
in thé various parts of the previous sections. However, they are
repointed out here as follows : (i) the cattle bone material
appears to be a promising candidate for low cost HAP implants for
prosthetic and dental surgeries ; (ii) due to the brittleness of
material, a reliable strength evaluation and material characteriza-

tion need to be developed if the cattle bone material (which is a




HAP) is to used as a stress-bearing implant; (iii) the indentation
controlled strength method is chesen as a means for strength
evaluation because not only it can give a reliable and accurate
strength data, but also because it can offer considerable physical

insight into damage processes associated with the formation of
surface crack, which MV\X
some physical 1n51g

caused by such f::-—};a
Theref/

as follows :

e - contact history and provide

»hanlcs of strength degradation
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epared and verified if they

are single-phase b "1'[~, Ffracti method. They will then

fabricated into a polyc;yﬁﬁall
..--r_-_,.-""l_'_l: i f"’

sintering at ﬁifferent temperaturas
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characterlstlcs of cattle bone material will be investigated.
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microstructures and the techniques defined in American Soc1ety for

method will &

during sinteri

Testing and Material (ASTM) specification will be used to measure

their apparent porosity and density.

(iii) The four-point bending test fixtures will be designed

and constructed in accordance with ASTM specifications so that




precise measurements of the strength of cattle bone material can be

made.

(iv) The damage pattern produced by a standard Vickers
diamond pyramid indenter into test surfaces of cattle bone material
will be observed so that cons%p?rable insight into damage processes
associated with Vickers indentéf{%é:&gn be obtained. A high
magni fication optiealeliAros@bpe SReEamected light, will be used
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to oObserve the ‘iﬂgge“

a dye penetrant hoi ¢
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iterA appearing on the specimen surface and

e wi 1 be used to reveal the subsurface
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1Siens of crack and central impression will

— !
detionof indentation load. These data will
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be useful in the fra ture mechanics analysis of the ultimate inden-
. £
tation - controlled strength dalé&ﬂ Moreover, toughness and hardness

crack profile. e,

also be measured as
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parameters of cattle bone material may be evaluated from these data.
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The postindentation slow crack growth will dlso be examined to check
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if the cattle.bone material is susceptihde:tJ environmental assisted

slow crack growﬁh. -

(v) | Four-point bending tests will be| performed on the
indented specimen and failure stresses recorded as,a function of
in@entation/load. | Specimens. subjected to different sintering
temperatures and time as well as to surface abrasions with different
sizes of abrasive powders will be used so tggf the effect of sintering
variables and surface finishing processes on Strength of cattle bone
material can be obtained. Moreover, the evolution of indentation

crack during bending test will be investigated so that the physical
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insight into micromechanics of strength degradation of cattle bone

material due to the indentation crack can be obtained.

(vi) Fracture mechanics analysis of the indentation -
controlled strength data will be made so that the toughness parameter

of cattle bone material can valuated

Accordingly .t By SL/@ set out as follows. The

preparation and:j? %ne material will be

described in Cha und theory of indenta-
tion fracture m ) that some appreciation
of the basic fr m:"-' 1{ 1 be gained. The survey
ok responses of i : AN ‘*l_ kers indentation will

be given before t 1 wor! 1 ~produced deformation/

fracture patterns i e I material is presented in this

chapter. Chapter 4 deﬁ}ﬁ tg;?‘ ndentation-controlled strength

«.‘. o

tests on cat

Finally | conclus] s stuiﬂ‘will be pointed wut in
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