v Y Aa a d = =\ 14 @ =\
21U INNUNUS na'lnmseiinuoINILAAITENAS UBIUAN LML TuTlow
{ o P A
TalaTasnuroamaiodunsizsiithussiin lsasondoz i
r'd [ 4
Tnauazminaaeuludal
Y A [ a( a
Alvey WA HY AUl
a Y] a [ 4
Sy Mnmansguiuie (Yagmans
d' a a Jd a [ Q( A P ]
pIsuMINSSaEINentinus 0. A3, 1 FAANA La 219139NUS N IMan
v Aa ~ n'd' 1
0. A3, AnAna Nevay 219159NU5 N3N
< P P '
WAl AF. DIOUIA D137 15 219158NUS N3V
A A a 4 o’d‘ 1
7. A3, ANTNT Yoiag 219159NU5 N3V
A w d Aa 4 o’d‘ 1
FA.AT. WAl Augnd 219139NUS N3V
w 1
YNN8

Y

= < 3 A A 9 9 a 4 = ==

"lamaﬂcmzwﬂ‘nmﬂmmmﬂﬂmmmMmumamuﬁmmmwm NITANHIUY

Y A a A a = 4 =1 = ax aan <

L‘IJTHJJWEJL‘W@WEIGIGB’JL%’SNJﬂ]lﬂﬂS@ﬂ%ﬂZWﬂVWILLU‘UmWﬁMﬂ’J Tﬂﬂ’J‘ﬁﬂWSﬂj‘]ﬂimﬁiﬂuﬁJﬂQLWQ
1 [ 1 = 1 [ =1 9 a d'

w1Jmwam@a@mwmuTﬂﬂimmaumm%mwhﬁmsﬁ NITINTHUNAIYYUVHUAIN LAl

] J ' @ < {
1Uﬂ1§LW1Wﬁﬂ ﬁwaﬁ@@\‘]ﬂﬂigﬂﬂﬂlw/ﬁ AU UIUU ANTUWIUAD Lla$ﬂ31ﬂllﬂlﬂlliﬂﬂlﬂﬂlﬁﬂ

v [
A A

a L o i G 1 4 ] @ '
LFITUD L!agﬂ)'uGl'J’E]fﬂ\‘]GUfNﬁﬂ'l'3$‘1/]@‘VIi:fﬂgﬂmiEJlI%‘Hlfﬁ@ﬂ?&ﬂu@ﬁﬂﬂgﬂﬂ’lﬂﬂ@u‘ﬂuﬂ‘§$@ﬂ
Jd o a aan dy A ] v 2o ]
NUHY u’lvlﬂﬂ@ﬁf]‘ﬂiﬂﬂﬂ§$llluﬂgﬂifl'lﬂ1i@]'€]ll’ﬁuEN"]J'ENL“L!E]Lﬂﬂﬂﬂﬂﬂﬁﬁuﬂﬂﬁﬂﬁﬁﬂ%u@'J@‘(’J'N
A A A A = J 1 = = =1 1 o A =~ a 9
LEITUANTNNIENANG A %QlﬂuﬁUUWHQﬂlﬂQﬂ1§ﬁﬂH1 DNAIUNUIAD NITIATINLEIIUNAIYNTT
U 1 = 14 o ~ Y
Nﬁﬂl!a$ﬂ1‘iﬂﬂﬂl@\1ﬁ’3uN’(?flli$'ﬂ'J'NLLﬂﬁL%ﬁIiJﬂTﬂJ’E]LUG]ﬂULLﬂiJTiJLuﬂiJul@ulaTﬂiL%HV\I’E]ETW\IGI@YJEJ
[ ' = @ v Y X K
'6ﬁi'lﬁ')ﬂiﬂfliﬂﬁﬂl@%mﬁl%ﬂhﬁﬂ’]JV\I’E]ﬁV\I’E]iﬁL’]Ju 1.65,1.66,1.67, 1.68 LIAS 1.69 Ll,ﬁ')i]\i"llugﬂ
o a = Y3 a 4 =< ay o [ A o " Y kY
I@Elﬂ'liﬂ@’é]@L!‘U°1J‘VIf”f‘ﬂ'l\‘]mﬂﬂﬁlﬂlﬂugﬂﬂiﬂllﬂﬂﬂﬁﬂ LN']W'LJﬂ‘]ﬂN'IUGI’J’E]EI'NWENVI,NVI,@]LNW@'JEJ
a le) < o 2 % ' Ay v
QYN 1100, 1150, 1200, 1250 1ag 1300 “C 1uan 2, 3, 4 ag 5 ¥ T FUNUAIDE1IN 18
Aaa o @ = Y A ) j‘ A 1
ﬁ]"lﬂﬁﬂTJ8‘V]ﬂqu@Ll111WWﬂLla3ﬂa\1114L‘]Juqﬁj‘]J‘1/]5\‘1ﬂi3‘]Ji’)ﬂL'Wi’]‘Ll"Illﬂﬂﬂﬂ"lfﬂuluﬂlﬂﬂi’]@usllﬂﬂﬂhl
I Y] o Y [l Y a
naaouiual 3 71421304590 10 180 IU HI1ANHULIRNICUDIAIDYINAVIYNAUANT

dy v A 4 9 Ja I J a =y 4 4
RYIVUYDITITDNY NADIJANTIAUDANATOULUUADING A Lﬂﬂuﬂt\!ilﬂﬂiﬂi"luﬁwaiﬂ



a o J ] I~ a a 4 [
MATANWTINOOITAFUA ANUHUMUY ANULAL INATALDADOUTUNOHIAIANUNUNI
1 I J 4 aa
ADNINAAA LAZNADIYANITIANLD LTSN aNANIINETFINeN
NANIINAADINUIAIDEIVDAFT I NAedATIdIULAaFeuruWoaoSea 1.69 IHIHIIN

a ~ I o a A = s A
U 1300 NGRS IS Lﬂuna’]lﬂu 2 “F'JI?J\? NﬂﬁNWﬂ!LWﬁmﬂ\iul@ﬂﬁﬂﬂ‘ﬂfﬂgWWllﬂ@]ﬁ;{\iqu@

=)}

&£

] Y
1 91.44 % mmwumuuﬂimg AITUUUILUUTIY ANV UUUUII quﬁu AITUNTUAD
< J o A 2 4 @
ﬂﬁ?ﬂi‘]aﬂa\i ﬂ'J']iJLHNLLﬁ%ﬂ'JHJVIHVﬂHﬂ@ﬂ13ﬂﬂﬂﬂlwuﬁulﬁﬂllﬁﬂULﬁﬂUﬂUﬁﬂW?%ﬂ?ﬁﬂﬂaﬂﬂ
4 o [ aan 1 4 4 [ o 1 a [ I o
ou Al nIsmoVaueINeIlBIBDuY0IRIDE 1Y 11N HAINIHUTUNET 180 TU WUMS
o = 9 A Aa dy a (= 1 S Y 49’
DAF VUL AALANUDY NWUTJJHﬂ'IfﬂHLH@"’U’ENL“BTIlIﬂ vl,llllﬂ']ﬁLLW5%9@&%@@1%1@'51131“&14@61]@\1
a = d' d' Qy 1 a 9 1 dy d' a 1 dy
LFITUD Lla3vl,llMﬂTﬁLﬂﬁ@uﬂﬂl@Q“ﬁu’?mul%i’]NﬂLG]J'lhl‘lJ’L:fluﬂlflﬂﬂinmi@‘U WNANITNAADIHATU
1w ] A 1 3 a Y o ¥ 4 U @ v o
ajdndediuysiin luidluisuazaunsahnu lanuiiegosou futngamisalssgnd 19

<3| o 1 Y
dluiagianotenaununizanuyudla



Dissertation Title Sintering Mechanism of CaCOs and NHsH2PO4
Powders for Synthesis of Hydroxyapatite Ceramics and

Animal Testing

Author Mr. Rungsarit Koonawoot

Degree Doctor of Philosophy (Materials Science)

Advisory Committee Dr. Cherdsak Saelee Advisor
Dr. Sakdiphon Thiansem Co-advisor
Asst. Prof. Dr. Orn-anong Arquero Co-advisor

Assoc. Prof. Sittiporn Punyanitya, M.D. Co-advisor

Assoc. Prof. Niwat Sinsuwong Co-advisor

ABSTRACT

Hydroxyapatite (HA) was ceramic which used as a biomedical application. This
study aimed to produce single-phase-body HA bioceramic by using solid-state-reaction
method to find out the effects of Ca/P molar ratios, isothermal sintering and soaking
times on phase compositions, density, porosity and strength, on one hand, and to use
optimized condition samples as bone grafts with laboratory rats’ soft tissues to evaluate
the soft tissue response to the samples, on the other. Samples were prepared by mixing
and grinding the ingredients of calcium carbonate and ammonium dihydrogen
phosphate with molar ratios of Ca/P were 1.65, 1.66, 1.67, 1.68 and 1.69, compacted
into disc shape with uniaxial pressing, and sintered at 1100, 1150, 1200, 1250 and 1300
°C for 2, 3, 4 and 5 hours. Optimized, sintered samples were cut and lathed into
cylindrical shape for implanting in soft tissues of laboratory rats for 3, 7, 14, 21, 30, 45,
90 and 180 days. XRD, SEM, FTIR, XRF, density, hardness and ball-on-ring techniques
for determined the bending strength and light microscopy were used for pathological
interpretation.

The results found that sample bodies with Ca/P 1.69 sintered at 1300 °C for 2
hours had HA phase maximum quantity, its apparent density, bulk density and true
density increased, its porosity decreased, its hardness and its bending strength increased

when compared with other condition. Sample reaction to soft tissue of laboratory rats
Vi



after implantation for 180 days were mild inflammatory cells, presence of calcification,
absence of cellular infiltration, and displacement of sample components into
surrounding soft tissues was absent. These results concluded the samples were nontoxic
to and biocompatible with soft tissues. It may be applicable to use as human bone graft.
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