A

d‘ a a d a 4 a A dy =\
Yors0INeNHWUS m3lszavfasiiniinmvesInsudesuyad laasondosmi-
4 o o o o A
Inanvuwsuransudulonilafudidzudenldainnis

~ 9y A ad = a
wysuABmalndan Insatuiia
Y A v a Jd
RN UNAINUANIT AN YE
a v oA o J
Sayan MeNaaIuIUN (TTenans)

¢a a a J a A
914]132]7]1J§ﬂ'ﬂ1'3‘ﬂﬂ11»!‘w1!ﬁ 0. AT.GYN DALYV

UNAALD

Aa o dal Y o = a 4 = dy =
Tuaudseil IdvimsdnuinstssAviisniniinmveslasudsayad laasendos
o @ o o v A ~ a ad =y a
w1 Induuunsumannudulondlaiudlznasi ldnnms wioudromaiinsan Insatluiia
' ) PN S D) A an Y = IR B4 &
daumsaiusndnnguiuz ldmatiasmsadiwduuuuiaatoaala Taglunsnaassl

= I @ J Y 9 an ' Y =
N\ivl,aﬂ‘i’f)ﬂcli’él31/‘!1[11/1{5]’5“{\1!,?]513??@’36@’]EJ’J‘ﬁﬂTiGIﬂGI%ﬂf]ui’mI@ﬂi%ﬁ1iﬁ$ﬁ18!tﬂﬁl%ﬂh1u-

Y]

wialatasn vaz laveuTwdionlalasnurode nazyiinisdunsizmdulonilaiu
o Y] A ad = A [ g’/ o o
dlendadramainddn Insatluils vasnnuuiim leasondezw Induazidulouilaiu

) v A o N ¥ o o 9 < @ Y

dlznaandunsizd lauihmswauiu Tagldiemueailuanarslumsuanadusiegnuea
dy Y o o é’ 3}/ A o 1 A S < 4

Tumsnaasail 1a3aINTUNIMUATOAIT1@IUAD 90:10, 80:20, 70:30 1AL 60:40 Tuatlos iy

[

o g‘/ o ~ vy 2‘, A o J o 49@‘ Y Aax v o o Y a
waQmﬂuummﬂchmllﬂmﬁammaummmsmugﬂmmﬁl,mUﬂﬂ’e)mmzu1“1‘1J1nﬂmﬂﬂms

) o Y 1 = % v g A 3 v a v
wmmuazm"lﬂmnaﬂsxmumsmmeaﬂmﬂmﬂmmm‘chﬁﬂgﬂﬁmﬁiwwmuummum

o a o A a = a o dy o = v
LLE’I@MW%JLWT"]SHMB?TIQ’ENW{]N 1200 aeraked lagluauiIdeiiimsaneianyue lase

Y
2 { a &

Y
daugineuazaiinaiulasldimatia SEM uaz XRD awdiautazueninidadnuiig
auauianedumenmuazauaiasing ldun amanuruniy Msed ANUNguA?

= ¥ ' o o Yo = = Y o Y a
ANua s Tumsgadini uazamnnuude nazdd laiimsanydsnnudnnulanisdinn

I =< 1 1 dy s a = oS 9 g}z 1
ﬂflﬁ]"lﬂﬂTiﬂﬂH”IWTJTJ"IIﬂiﬂi”NLaﬂﬂlcﬁaal@ﬁi"IﬂJﬂW?‘L!llﬁﬂi’ﬂﬂG]ﬂ’JSWTthWl]lﬂ‘Lll! AT



] 1 o 1 o H J < 2 [ = @
Wu%muﬂWﬂﬁﬁﬂﬁﬂﬂﬂMW§uﬂ1ﬂ1ﬁﬂﬂ"lﬂﬂuHm$ﬂ1ﬂ’JHJLHN%‘L!ﬂﬂﬂiu1ﬂlﬂlﬂﬂlﬁuﬁlﬂ!ﬁjﬁuu

9
v W

v Y
dleridanweauas 1 dansanvas lassadumeluiiudansazuanaanu Iasludass1i-

] Y 9
anguiiifsinandulondlaiudlends 40 wedidud Tasrihwminiudnvas Inssadenelu
Y
a K v

wiunavulasgnguiianvasyeunemuilumuemaviiulylumeiamaderdu Tu

U q

e 2D
Qo

Y o Y = g}/ Yo < a o ] A =\ I
mmmmmmﬂﬂu"lﬂmwamwuu"lﬂmmmcvﬁmﬂwqu"lﬂmmimﬂmaaﬂmau Wuan 14

O

=

[ 1 a ?; L) 49@1 a a 9 a A a 49!
’J‘L!WU’J'ILﬂﬂ%H’E]%WflVIG]Lﬂﬂ"U‘LliJil’JmN’J‘Viuulagju‘ﬂ5!’3‘@1&§W§HI@]86$W11‘VI@%W@WHN

anvaz3linenanuazinamsmzngu



Thesis Title Bioceramic Fabrication of Porous Hydroxyapatite
Scaffolds Mixing with Natural Tapioca Starch Fiber

Prepared by Electrospinning Technique

Author Ms. Poonpatthra Saiwanich
Degree Master of Science (Materials Science)
Thesis Advisor Dr. Sukum Eitssayeam

ABSTRACT

In this research, the bioceramic fabrication of porous hydroxyapatite scaffold mixing
with natural tapioca starch fiber prepared by electrospinning technique. The porous ceramic was
prepared by sacrificial template method. In this work, hydroxya-patite powder has been
synthesized from the calcium nitrate hydrated and diammoni- um hydrogen phosphate solution by
co-precipitation method. Then, preparation of the tapioca starch fibers was performed using a
modified electrospinning technique. After that, of the hydroxyapatite powder and tapioca starch
fiber 90:10, 80:20, 70:30 and 60:40 mole percent respectively were mixed by ball milling
technique. Then, the obta- ined powder was pressed into a disc shaped. The samples were sintered
at 1200 °C. The microstructure, morphology and phase composition of the resulting powders
were characterized by scanning electron microscope (SEM), analysis (XRD) and the cera- mics
were characterized in term of density, shrinkage, porosity, water absorption, hardness and
bioactivity analysis. The results showed that the obtained powder was pure HAp phase. The
density, shrinkage, porosity, hardness and water absorption of the samples were found to depend
on the amount of tapioca starch fibers. In terms of morphology, it was found that are different in
amount of tapioca starch fibers 40 % by weight is the pore formed by the interconnected porosity
is  linearandisin  thesame  direction. In terms  of biocompatibility of  the
biological of the ceramic beads immersed in the SBF for 14 days the apatite was formed on the

surface and pores. The apatite formed with a spherical shape with some agglomeration.



