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ABSTRACT

This project studied the synthesis of composite of tricalcium phosphate — calcium
silicate and poly(methyl methactylate) (TCP-CS/PMMA). It was (divided into four parts. Firstly,
calcium silicate was -synthesized ' by coprecipitation from™ calcium  niirate" tetrahydrate and
tetraethylorthosilicate’ using sodium hydroxide as a precipitant. Secondly, the hydroxylapatite
(HAp) and CS in the, ratio'of'100:0. 70:30-50:50 30:70-and/0:100°by weight,were mixed and then
pressed into cylindrical shape wsing poly(vinyl alcohol) (PYA) as a binder. The samples were
heated at 1100°C for. 5 hours in order.to genérate the-porous into-ceramics: The next step was to
prepare the composites, by soaking-the porous ceramicsiinto a mixed solution of poly(methyl
methacrylate) and benzoyl péeroxide<(BPO) in methyl methacrylate monomer and then they were
bulk polymerized at 80°C for 24 hours. Finally, the composites were analyzed by some
techniques and the compressive strength were also examined. The results of X-ray diffractrometry
showed that after calcined at 1100°C, HAp was changed to TCP by dehydration. The results of
thermogravimetry showed the weight percentage of PMMA in the composites in the range of 5.6-
21.7. The composite with ratio of 50:50 from the proportion of HAp to CS had the highest
strength at yield and compressive modulus at 75.8 MPa and 1,550 MPa respectively, which were

much higher than those of starting ceramics about 12 and 26 times, respectively.
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1. L“Kﬁﬂﬂﬂﬁﬂﬂﬂ‘ﬁ’”lélﬁﬂﬂ Mechanical interiock ALO, Zirconia

(Morphological fixation)

2: M‘i‘lﬁﬂﬁléﬁg“fﬁq U Ingrowth of tissues into pores Hydroxyapatite (HAp)
(Biological fixation) HAp coated porous metals

3. 497 ”Iﬁﬂif‘ﬁaﬁﬂ"l’i ﬂgﬂ@ﬂﬁﬁj Replacement with tissue Tricalcium phosphate

niedoudain la Bioactive glasses

4. 513 nan799 1nedInw

Interfacial bonding with

tissues

Bioactive glasses
Bioactive glasses-ceramics

HAp
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d
2.7 lansenduerh’Ind (Hydroxyapatite)
AN i i ¢ g . &
pflszneunanYeITemBuyEiYsznoudie 3 49U fe 11 AeaaaL (Collagen)
=t o : o i 1
uaz lansonduerh Ind (Hydroxyapatite) Tﬂﬂ”laﬂi@ﬂﬂTmaﬂw"lwmfluusmaﬁzﬂumﬁ'ﬂszna‘u
' 3
nanlunszgnuazily Fefloguszna 5% voaihmingianie
3 4 =1 1 s
nzgauaziiobendalseneulude 2 daundn fo [9]
[l - 1 2 o A w T uy Y]
L dwiiunssig sadumseiunididadandszuin 69% LRIV EREET T
Usznoudivars lansenduet Indiunsn
4 4 . ) —— 3 s w = @ -
2. 1iRIBD (Tissues) Fuiluarsdiiisoussnsidoeisas 1y HasnoSosT35um e
1 a o =
1Y WodALsAn1 157 (Polysceatide) Woanaamlea (Polyphosphates}«oaa 1t (Collagen) (111

Y
Y

2.7.1 InssaSanantansensuedrInd (3]
@15 lgasonduaiIngiunisilszaeninaunaifoalodiula (Calcium phosphate)
Tgasmaupiiiili Ca, (20 )(OH), Toanduins Thavey Capiihi 10:6 #50 1,67:1 §197
= o \ é
leasenduethingd ¥191am131 “Tans ond EHydroxyy?  dansavns leasen lvdlosoy
L § o v A =2 T & o v A
(Hydroxide jon)> ttasfadn “lioth1 ng (Apatitey” iWinssusnanissmniiositsznendail
M10(204)6X2
7 2 = ! w é’ o
a51sgnolme) 1 Ina (Apatite’ compounds) Ha31fAlsEnaunandeiLennll ufuy
d. ‘1‘ Q L} ‘é H H 1
Toooundn luimuiludums 12 oz X Fe oo i 118 unsimad 1dud
M = Ca,.Sr, Ba, Cd, PbyMg, Na, K, H,/D <0
Z =P, V,As}S, SiY GesCr, B 40
X =0H, 0D, CO,;Q, BOsE,.Cl, Br, Vacancy. <111

AERTGH Ca,,(PO,)(OH),
ﬁy”lﬁﬁﬂimﬁ 18 (Molecular weight) M = 1004.8

SEUUNDN (Crystal system) Hexagonal
YPIANUIHAS (Unit cell) A=9.423 A° c=6.875 A°
Chemical Unit Number Z=1

AMUHUILUY (Density) D=3.16 g/em’
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Hydroxyapatite
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s1lii 222 julitanAnu04 ldasensipging [14]

) e 2o 5 o £
lonsonauei wdngilrnailmenys inuoa (Hexagonal)Miuanalugii 2-1 uaggl
= =} 1 o 1y | = = T d . A A
# 2-2 Taviiny lansonFasgus Iyl figmsentia (Rhombic) Vo1 Ioiaad (Unit cell) 4%
@ w o w o A A A [~ P 4 ' d [V 4
mstaiEsaRutunedul TunI19FiaNguATINTYDIANUGIVEINHILYAE ADANY
yoany leasondagndensoudiounadon looou ¢ Tosoundavsiiludnyazsumasy
B 1 3 a ar o o = i ) o L4 =
dru 2 sudemnduaedutives leasenda lasiivyg leasendailugudnarsunaiGoy
a A A a Vg o o [V 4 ' a v '
looou 9n 4 lovouiiniousnailuaoduy 2 ADANUITENNTIVINAINATUINIVDA
a
= [ (Y o o 1
uaaFeulesenvuuduaeduivedloasonda unaidon levowmarfigndenseudau
ponFIIUv0900 InHodHannTzdAT0a (Orthophosphate  tetrahedral)  1AUBBNWIIUVDA

lgnsonda (Hydroxyl oxygen) 3201190 InTZUUVBITUMBYY lansandalszanal 0.3 A°
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2.7.2 anviavedlaasenduathing [12]

"lamanmmﬂﬂwmﬂumﬁﬂﬁwﬂauﬂ"lmﬁﬂamammmu ﬁawmwamwnm 800 -
1200°C muﬂﬂﬂuaﬂmummmﬂﬂﬁwﬂaumamy TﬂUm"hJ'lamaﬂmmﬂﬂmummummsa
iFanad Selansarh I lunuidesdurhminn a8

AUTANIINIBNIW

' o bl ~ o 1w
NI laasenduoth Ind lussunves Mohs  1M18Y 5 wazay
1 "o @ 1 o = wa a =
HUMUUININD 3.16 NTUABYNIARUAILAT aulidiFanaveslansenduet Ing uaagld

AIRN15199 2-3

M1319% 2-3 auiiagendves laasenmien e

Sintering Compressive Flexural Torsional Dynamic Medulus Modulusof
Temperature Strength strength strength torsional of elasticity elasticity
°e) G, (MPa) || O;(MPa)_ /| “T, (MPa) /|, strength in in

Tny (MPa). | compressive bending
on Ex(MPa) E, (GPa)

1150 308246 || So1LS 5017 576 422133 443335
1200 415146 10411 6215 92ite 74.6144.1 80.01t6.4
1250 465758 10610 7514 7615 79.044.8 85.1%6.1
1300 509257 b3EL2 7615 68+5 gli4t46 87.816.0

= o
anumuso lumsasaiveslsasanausyilng [9]

= =
lansonduorh Indmuispazaeldliicasasaonse uazazawldidiniosly
3’ o l v . o a = :’ o
windy  ud liananseazaneldlumsazasdamlay  Tasiimimsazansluingu (pKs)

Useum 120
pKs = -lg(lcal’PoJ[CHTY = 120 (1)

:’ n') A 3 y a a d o ]

anuansalumsazmelnhnduszmuiudioduaissanlnslad  (Electrolyte) e
= o o A a a -

anuasolumsazasved leasondueih ndezilasundauiiofnsaoz i Ty Talsau

& a P wa ¥ 2w b cl Y w uly

ou Iy uagesdunIdon q auiRdumsasaenduRusiuanuaiselunssauld

= o § 4 aaa o A 1 g
M9 (Biocompatability) Auilewe uazlgnsouainumsisznoudu q edialsiai
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¥
s ) L) J '
PATIVOINTTATAWOITUBYNUANULANAIVD9FT 1 ANwilgngu vwanan anuiluwin

HazMaKiogUitieanInnIuIRTua (Strain defects) iiothlansonduoth nd lsnitguma e

il$‘ﬁﬂ‘ﬁ,ﬂ'ﬂi]ﬁ'm"l‘iE]l‘l-.lfﬂ‘i'ﬁ%ﬁ"lﬂﬁﬂﬂ&

2.7.3 woihlnalunszgauazity

% = ' It . . . & =
uethlndlunszqnuasiluennfond “<arsueth Ind%anwme (Biological apatite) §4ii

=} ' ar ¥ @ | 3 o 1
gasiinannalsuand iuauny leesussnlsenouvesuol ng uazauunnieg

(Defects) N9190U faLaaaluas 192

o o =4 e
51971 2-4 D3RS gNetM Rl ssUBARRUALTTRTRaTo L Ao b nTzan uas lansan-

FugUt Ina 112)
| Enamel Bone HAp

Constituents (wt%):
Calcium, Cal' 36.0 24.5 39.6
Phosphorus, P ) 7.7 = 18.5
(Ca/P) molar 1.62 1.65 1.67
Sodium, Na' 0.5 0.7 tr
Potassium, K, 0.08 0.03 tr
Magnesium, Mg’ 0.44 0.55 tr
Carbonate, (3032+ .2 5.8 -
Fluoride, F° 0.01 0.02 -
Chloride, CI' 0.30 0:10 -
Ash (total inorganic) 97.0 650 100
Total organic 1.0 25.0 =
Absorbed H,0 1.5 9.7 =
Trace elements; Sr2+, Pb2+, Ba2+,
F<:3+, an, Cuy, ele
Crystallographic properties
Lattice parameters
(+/- 0.003 A®)

a-axis 9.441 9.419 9.422

c-axis 6.882 6.880 6.880
Crystallinity index 70-75 33-37 100
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Enamel

Bone

HAp

Crystallinity size, A®
Products after sintering

(950°°C)

Mechanical properties

Elastic modulus (10° MPa)

Tensile strength

1300 = 300

Hydroxyapatite (HAp) +
Tricalcium Phosphate

(TCP)

0.014

70

250 x 25-50

Hydroxyapatite (HAp) +
Calcium Oxide (CaQ)

0.020

Hydroxyapatite (HAp)

0.01
100

v 4
gasalnidh i iduesesdussaolvenszanidisadl

[Ca,(H, 0) (BP0} 1410 Mz, Ha L, CO. Citmte, ]

' o ; 1 =1 1 o, ar o = a
av1e Ishaugms il finiuondminunh Indvesnsvan sz Tuanwiluaie

d P s 1 [ a o Al o
'ENﬂﬂizﬂ'ﬂ‘].l‘]’ﬂ\‘l!.ﬂ11“'UﬂﬁLL'E]‘]J'ITV]ﬁ‘llENﬂ?gﬂﬂﬁzuﬂﬂ'f’i’lﬁﬂﬂlﬁﬂ‘l«!ﬂﬂﬁ'luﬂ'lq {Ages) CRITHARE

Faii%3n (Specics) uazaaynee Toazatludy dasTaan Tuavodcar lwilaiiondalszian

= ‘3’ a a 2 = ey = = -
nyzanuazfuvsmyiumumssamulaaidiindines Le7 niauwotr Inadiniwesd

o =\ a 1 = 1 ] 9. [~
Yuadnun Tnodivingiannare.2 hilaswasuagiizdsauiiuussnnsoghidy (Needle-

. ot 4 ' A =
like) lovlunszandsiivifiedseunm 20% 3%7 gnuanualniyasdiulundouduasd

¢ i W O A =2 da <
walszan 150 x 60 %30gnuAAL M Ty tisstiananhilvuiaanveaei-

72 ' v y ) ol o
Tnavamunsareldmsadndseuidingninavn 18157

a = ¢l a
_2.7.4 ngAnssuvedlonsendueihInangamgiiga [13]

- e o ¢ Y v ad
laasonduei lnanldnnsdunsiziez I gduuunindenuusadidndg (X-ray

e 4 ar L] @ A ar 1 ~ o
diffraction patterns) NUAng AN tifpavInds lifinisiaFvadavesezaond1s o Nauysel

aasna linldumuleasendueh Indasnaiife -

Ca, [HPO), (OH), *aH,0 ;0 <x<1;n=0-2.5

107732

(@)
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Tusennenleasonduet Ina lasuaudeussimanldounlasdeil

< T C
Cay (HPO), (OH), onH,0 — 4 Ca, (RO)(PO), (0} + mHO  (3)

H

0°C- 300°C
Ca, [HPO), (OH), #nH,0 — 4 (1-:Ca, (PO (0H), +3xCaf(P0),+ nH,0 (4)

Y @ Y a A A A o o !
ﬁ?dﬂ’]ﬁ%’]ﬁﬂuﬁ’]‘l]’ﬁﬂcl“ﬁﬂﬁﬁ"lf_lrluﬂﬁiﬁ"ﬁ"lLlﬁﬂﬁ'E]ﬂc]fllﬂﬂ']llﬂﬁﬂﬁﬂlﬂ§1$ﬁqﬁﬂﬂ§]51§f?u

- P A =
TaeTuaves Ca:P ifivaiuu 11910 1.67 (Nonssteichiometric HAp) (1111 Tun3dii Ca:P Haudn
104 1.67 (Stoichiometric HAP)-H1I1msuna lai loaseaimai Indin 700°C nSon1sm
» 3
900°C - 1300°C vz Tuiwumla oy -Tnaaluiao [8]

= 1

= (4 = T ol o - {
lensondier Indvz ganionytonsendaviasrion iomnnaamgi gand 800°C

U G

uanda 19 Ca,(PO,), WAz CaP,0,

Ch, PO MO A T ey (RO (GHON, v 20 ()

| ==y 30078 .
CE;JKPDJE(UHL-:;U';H: iy, 161 181 (A 701 ¢ - IZ,'a.s[PiZl,,_‘!kz + CaP;0, ()
275 grarlsznousmanun el el atiiaow 4 [3]
a o 9 = = a
wonvnnledsandioirng el sz naudwanuraiseudomiaonnatesiahn
v = a3 [ o W 2 )
dhuntiumumIngw s Tdanmstinmdgzedoadion malszpounasourlomma
' .:sy ' o Aw ' £ = L4
maiiuanaanundnag W lasluavos Ca:p TuTaseerd kb riavo s lessusenlsenay

5 q Saeghsvenaiuiwgmuay Nytiauaaslumieiiess

15197 2-5 upaFouealaaiiaa1g o NISATIEIU Ca:P LANANIAY

qns i BNHID Ca:P
CaO(PO,), Tetracalcium phosphate (Hilgentockite) TeCP (TTCP) 2.0
Ca,(PO,),(OH), Hydroxyapatite HAp 1.67
Ca,, H, (PO,)(OH), Amorphous calcium phosphate ACP -
Ca,(PO,), Tricalcium phosphate (ct,3,y) TCR 1.50
CasHl(PO4)6-5H20 Octacalcium phosphate OCP 1.33
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13199 2-5 (AD)

qns o BnYILD Ca:P
CaHPO,2H,0 Dicalcium phosphate dehydrate (Brushite) DCPD 1.0
CaHPO, Dicalcium phosphate (Monetite) DCP 1.0
Ca,P,0, Calcium pyrophosphate dihydrate CPPD 1.0
Ca,(P.O,); Heptacalcium phosphate (Tromelite) HCP 0.7
CaILPO, Tetracalcium dihydrogen phosphate TDHP 0.67
Ca(H,PO,),*H,0 Monocalcium-phosphate-monohydrate MCPM 0.5
Ca(PO,), Caleitim metaphosphate (c,3,7) CMP 0.5

d
2.7.6 miassumslaasendueihing [9]
AMIFUNT 03 TR913 uT e AD
1. amnensiadl e uandolumsenagitou Tudloume diyla g
[ o 1 4 @ ]
2:9nilgnise Tt asguaumtl dowdiia s leasoadue i Ind ud
ar = A 1A o 3
Yemsaiismantoguagilidlammudwradon 33 10 Tomin s
w @ 4 9 u’: o =) 3/
3. 9Innsggatad et ln aseiie 91a e ghs s mMaInuyse lagnntieuld
A A a e v o 7/q 3 ¢ v e
nszan lauaznsEiiouann 1 tilasandidFinminuazfhidaiinldss Tanioguda W

1%1umsus Ineuds 1dus 19

2.7.7 msdataznlaasenaiediing (8]
SEnsduns1en teasonauai Indansavi ldnaeds ldud
® JEnsanazNoWIAN (Precipitation method)
e mslHlgasulalasladia (Hydrolysis method)
e msldliseanizueauds (Solid-state reaction)
e 35lalasmesia (Hydrothermal method)
® ?J;Eﬁaﬂﬁlﬂv’,“h’@{ (Alkoxide method)

1. MIANAENBUNIUAL (Precipitation method)

msdunizilaasenguolrng Tasisnsanaznoulasnallaztlullauizves
Rathje [14] 1@z Hayeh U Newesely [15] 33904 Rathje aziumsiaunsadedrleinaslu

C;d v o3 A d' = dgl s
arazaounadeon leasen ladninsilunin U§fsoninadunaadeauns
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10Ca(0H), + ¢HPO, —— Ca PO)(0H), + 12H,0 )

V=1 ar Y ar = ‘:: o

15904 Hayek U Newesely 1aun15U5uilgeismsanazneuluaunisi (7) Taonsvinled
aaa = I~ 4 = = ) a aaa =

Ugnsniinnuilumags e lvifia leasenduer Ind 185 Tnomsiduleason lod 1§A5en7

vy '
AATUFITUNITN (B)

10CaNO,), + 6(NH)HPO, + INH,0H =e——p 2Ca (PO,)(OH), + 20NHNO, (3)

3
ad A =

w1 Yy asiq 9 ¥
Antagiinnw ldedn pH uasarmmdaduvesaisiniinld awisald caco, cac,o,
[=) [ = @
CaCl, ¥30 Ca(CH,COO)# i Ca(NO,), t1az luyiuauadaniraanisald (NH,),PO, K,HPO,
KHPO, 1138 NaH,P@, 41U (NH,),HPO, Uaadiosnsama(Ca(COOM),) Tagniaunliiunld
= d A W & 2 = ' Y Y e oo
unuunaseunde lsanseunmdduluinsn Mowinloaeuesdmany lisouddoiudiy la-
= i ci a =t
asondueih Ind milou losowliumsanis lesoinae lsdnonnudhdulsasondueth Ind
18 gungiinlslimsanagnausgar lusgmmy T e H4.95-100.°C
= daln I =t o = a4 =t v w
lgasendueth lnadlavnnsanazpeudapynziiunedviesddauas sudnily
et o ' o
Tnssasaniizunannds liayysnl

2.ms lnlfnsurtalas late (Hydrolysis method )

loasengueaInamind o 18anilgnsen lalas ladavesnsaunadouvodva
ity lauaaiddud o didlala Foiasa (CaHPO 2H,0) BonazsAdoudadiW e
(Ca,H,(PO,) +SHL0) Iaunnidisunomn a(Catp,) Mg azangson Juliioy leasen lan
TiFoulanson lAsaalaliasoilsarentan uenuini leasenauerl Inddunsvuidon
A5 lelas lagavosunaidouarsvealuasazaoeyiilvuemianie Tndow-

Noaa

Y jaca [~ : G
3.m15 1915180132044 (Solid-State reaction)

ndc;yd ad ; o 9/ o = A g a o aaa w A
WHuITMIRug I B ld Tasmsihmsai luan e iiluvewwawyiilgnionui

¥
a - a ' a o o a 1 o aaa
aMMANA (Solid-State reaction) [16] A7081935 M3 T UAIILH 1AsITU 16U MIlgasen

Ll a U

" =1 ar =1 o
senin InTunnadouremua Iululewsa (Ca(H,PO,),#H,0) NULARTFINAITUBIUA (CaCO,)
Y 1 { % A 1w ow
Whna 3 $27ua 71 1200°C Tuussermeani loviwag lulasnuludsuasnmmnu asaums
1200°C /3 hes

3 CalHPOISHO + 7CaCo, - Ca (PO (OHY, + 1 HO + 7CO, (9
HOHN,
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~ Sy aaa < (Y]
leasonduethIndii ldniml§Asoannzve i weiidnuaziiuniazdaunzios

Wulassadawania

4.3% lglasmesiia (Hydrothermal method)

ad A o o dd' = o a2 aa ar
il lasmsihmaninduindevewnaFourema v1i§aserfunivld

Il s =y 1 o aaan %]
UITNMANUANUAULALDUNYNT 15 Mosebach [17] 19 Ca(NO,), ilgAsniy ku,po, Tu
b3

e

ci L] [ Y] aac a‘ = [ ¥
NaOH # 500°C n1e1dnudy 360 ussenmet ilunai 10 T UFAsnAiRaduasdudeaunisi

500°C 360 atm
10CaNO, ), +§KH PO+ 14Na0H ________ Ca (PO,),(CH)+ KHO +14N a0 +12H,0 (10)

1T
aU35U09 Sairiya’ [16] laMamnaud Az Baungil 100-200°C LAaLAUAN 0.1-0.2

=

¥ v L '
wangihaaa Wiwdar 10 ¥71ue leasenaguethlnan Mainisdrsidnvasuninfe
y P o o -
(Single crystals) Neruysai-saganasaii g g
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2.8 UAAIFINTANA (Calciumsilicate)
2.8.1 anuim llifenunaadendding [21]
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A.71. 1830 lau1inssdandiarmoangs 3o Willjiatm Hyde Wollasion, uaz 1afinsas¥onind
9 =1 ° ao = 1 s =
Auny Umsthunaelgamayiin- Wollastonite 3 ldnremasiagnesyae 1uil a.q. 1950 Tae
o ), o T a o = T oa ,_.3’
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= aa a =3 3 a ar aa = A
AT ANAYIA  Wollastonite 1indu 1A lusssumAaindunshseruosimunluid

(3 . o o an s - P=1 @
unalsA (Caleite; CaCO,) iuesiilsznoufudan (Silica; Si0,) Tnsfinnudeunazanudy

£l c:; 9/ 9 aan c‘c: g Qs
Wnnhetesilelfnsoimnedwu lddaaums
CaCO, + 8i0; —— % CaOSIO,

Quartz Calcite Wollastonite

A =} =1

+ CcoO

2

Carbondioxide

& R 9/ o\ oq 3 1 ' =] =
%3 Wollastonite 1 |Avziia Nundussqee iz o sy gnd 19 nuds 9 1wy aundovin
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A1519% 2-6 AIULTENoIMAUMTIVRMAATUUTANAUTIA Wollastotite

panlszney o, Taotivnth
Ca0 47.00
810, 50.00
Fe,0, 100
ALO, 0130
K0 0.10
MnO 0.10
MgO 0:30
TiO; 0:05
P,0y 0.04
Moisture 0.20
Loss on Ignition 0.20
Undermined 0.71
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2.8.3 aUUAVIABENT AN

2.8.3.1 GUUANIN SN INVDIMADTENTANATHA Wollastonite [22,23 24]
1. AUARUUIUY (density)
" £=Y Cl‘f T L] -7} 1
AWHUNIUYDY Wollastonite UTNTVz0E 114529 2.87-3.09 nSUADYALAAA
= P ﬂ 1 A =% 21 =} 1 o A [~ A oA =
ruames NAuTusIutennt Tangdwely wu agiition man wuniiden wuamile
Tnwnadeunas Ts@oy unununadenlu Tassadawan

2.4 (color)
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Wollastonite UTANTILHTADUYIU? uand Tangdudeudorvne

L]
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a =1 =1 =1 A o = ——t e M= W = = A 1
aaoudludasy Fin Avuy-AuwTa vsoduas Teemaziludivendsmsnoluniieglu
g = = A 9 =2
WUAIVDINANYS D 1ATIATTIHAN

3. AAUUAINIIAINTOU (Thermal expansior)
1 .7} = c;r ar i1 ] Y
AulssANT T INNTULAL ORI IA WA TUI1IMBAI WA (Aspect ratio)
Y09 Wollastonite W11 | Wollasonite’. HANNAIHAMADAISD AT MWITio9103

H = o o ey = ]
waounadvesgunnl (Thermal shock) ialvenwnsotssdnald luamngumngiqeld wu
a [ ol ﬁ g/
fynu v AszaynusI e TeuEiuAY

[
4. 3131 U9(Hardness)
] o T ¥

Wollastonite Ja1n AN ABE 1A 5.0-5.5

¥
5.57018 (‘streak)

¥

11159010989 Wollastonitd Tuss T197R02 1 H7

6. WA d0AUYA Y (Melting poirt)

Wollastopite 11455 51 AUTANADUHMA 1 540EC

2.8.3.2 andnmainsl [3;10]
1. Anwaunse lumsazaned
y a aa 3’ 1 9 )
2. iioiunadendiing lazawi lieglugiluvanaovaz 1 pH Tue 8-10

=

3. pemlsznevvesunaisruganazilaou Tl ugumngil
2.8.4 Tnsaa1amanveaAIAENTaINn [6,8]
unaiFonFainasaoglungy  Pyroxenoid  unzeaylunguios  Inosolicaes  lav

¥ [ aa . an
asisenautlsannivsiimssatoawan lanarouuy 1wy lasadin (Triclinic) 1ylundtia
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(Monoclinic) taztgnas Inuea (Hexagonal) Tavdmananunaniuylnsaadin (Triclinic) 543

a=7.94 A° b=7.32 A° c=7.07 A° uaziihmiinTuiana 116.1625 Tnssadevesunadoudains
warnaldaagin 2-5

—
o I
) P J_——‘
Triclinic Hexagonal llonoclinic
agbt#c 2y =8y =HJFC adbyc
o o Q
ufPiyd 90 atw = 120° a<=906° us=y=90° p#90

31U 255 Taseaiiauasinalieydama [25]

L1l

a) MDA Nﬁmmu Trichnic; Hexagonal LL@& Monoclinie

b) Subelass: Inosolicate 141J4) single chain silicate

d 2
2.8.5 andinmyiazdseloyriapunaisandaing [26]
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1. unaiFiuFamnalisnunsennadumiadinstazaslunsalalasnaein lauanas
1 a aan s =3 d:l 1 ) 3/ ~ s 1 =
Tinalfnsodumssiiadulisswdwns Iy [ aurdornagpiiunszuiumsnaa
2. unaiFuugaIna L TS il duuldidussd
3. Tassafnanuazauianumennvssunameusamnazngnguvgilssu
o a 3|
11200 ilawse Mumuduloiulumsidunuiuanuionla
4. upalFsugamaiilTinamsnseme lddie Inanuieungurgll 1000°C (Loss on
. m ° o q ¥ a o v & oa v q Yo :
ignition, LOI) ¢ Mmi¥asilavmimsiivesmaluiaadunaninmsaarsiilinalussnig

ﬂ”l‘i!.HW‘]j‘ﬂﬁﬂff Hazaara1 lunIIE
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2.8.6 MIFUATIZHUATENT AN

upadonaAnainizduns e Ity lugtvosastsznonTanzoonlas  Fuily
mssenouiti Tanzifuuna leseunazeondmuduuen losey mailnf 14 lums duns e
Taoa 4 18ud

ar 4 =1 aa o aaa
1. MsdunsIziunalengang lasmsifasoaoiuzun i [27,28]
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¥ v

v Y e | [ o = aaa
(Ge) o3asaunionld AowanTavzdanon lud (Metal alkoxide) NS 1zEWITOINAYATEN
111 Il a i g w :’ [ 1 @ st a Y =
7l lawaee1939a39n U A29819v0e lanzdanon laantlon 4 wu waszmmend lsaw
(Tetramethoxysilane, TMOS) WATLIONADD 15FaLNA (Tetraethylorthosilicate, TEOS) 1lazoa-

do A 1 o . a . 2 @ a

ADN lwAdIdU 9 13 B2QUIUA (Aluminate) NN UUA (Titanates) LALVDITA (Borate) HI1NH oY

WENNY TEOS

2.8.7 msilszgnaldnumnadiondamna [26]
luatousnuaadougapaldiliiuenuadionaua 091y douru 1 dumn gy
a o s w a1 [l g r = = = @
Toiiu lumsimdadundied Taun pssdosanden dufulugaamns sudve 1dus,
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o 1 " A [ yw
aan15 179nd Ann1TuAna 1S ¥1 A19RT5HA NaE S OIR LA NLY LS IeR 91N g 191y
a Qs 4 = s, o of as o :'x
HAAAUNNI5 AR URY N300 10 DU A NTIAN (Substrates) | ~8an 3 V156211538929

(Superconductive substrates)

aan, C; = ‘qg’ |}
2.9 ﬂﬂﬂ?ﬂ1ﬂlﬂﬂﬂlﬂ'§$ﬁ31\ﬂﬂ1ﬁlﬂ1 [31]
o o A 0 = 9 -yl '3 = ot £ o
mawlusing Ao mafiugamgi Idunnaadufgslind iainuldussoiniam
| = = LY o o <] 2 ) ' Y. a o s
Muzay LW@LﬂﬁUHﬂutlﬁﬂﬁ']Ulﬂu'JﬂilTliJﬂ'ﬂlllHNlﬁQl‘HM@uWu "]J"JU{I‘HWﬂ(”Iﬂm"HﬂQ‘VTUE]TJi
LUAasaIgNy

15581 ed 1 a1 1)

1. U5 50MADORGIAY Y (Oxidation Firing)
H 1 L4 g9/ a a & :Q'l
Wumsnidnswn Thdotresuyssl uaslFo8aainu (Oxygen) 1AAUND Faidle
= Y g = = P=1 [ -7 ﬂqz:q ]1 9 o :.:lyI
wamawn Indud vxlioandion (Oxygen) imdoogasl §isonsm Tnidasdl
CH, + O, — % CO, + 2H, + O, + Enetgy (12)
2.U5581NA3ANYGY (Reduction Firing)
{ 1 o a (=1 Aé d’i
Wumswnndaswn Tndl liauysel Tumumnioendiou (Oxygen) luivane Fuila
¥V
= =1 o o A (K- aan Yo
wamsE Intud szlimsueunounon laa (CO) maoogaal§asenismn Inddail

2CH, + 0, —* CO + 4H,0 + Energy v (13)
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3. USSMANINT A (Neutral Firing)
oo 9 { o 1 a 1
ﬁ]uﬂmmmnmm"lwﬁﬁmy,'sm uaz T lufioendiau (Oxygen) mAoodiaonis

Y = i =S w aaa o Y
w1 InfiTieandiou (Oxygen) iwoRdatl§Asuintsin Tnfiadl

CH, + 20, > co, + 2H,0 +  Energy (14)

2.10 WoamiauMA3Lan (Polymethylmethacrylate, PMMA) [32]
= =Y a [~ a 4 o = = wa 1 1 1A =]
wonwnawmasaatuwedmesUsunnmes luwaradn Hauiia lusela luid uds
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(Addition or /Chain Polymerization) NRRANBLBIR SIINANNIAS Ian (Methylmethacrylate

4 a a T =
monomer, MMAY %4 1aviia luitarnna neymad sz

CHy CH,

n CH2=(:3 N Y «PCHZ— } +
n
COOCH, C|)OOCH3

(¥ d o < 1 aaa = v a
2.10.1msaynnsvineameiladmunalnilfiFauuuinarunalneyyadas:
(Freeradical addition polymerization)
wodwe lswFuluinuguna lneyyadasudi§isegnlidniinszuiumsvanet
S A
391 f19

o A P a ¢ s
1. UusuaEe lywoalues (Chain-initiation)

Wunszuaumsifianyideel (Active sites) 130 oyyadaszUBIAISITY
3 a o aa o aaa o w ' d a Coa [~/
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MIfanuee lswoanes
MIINABYYADAILYDIAITITH

R—0—0——R —» 2RO
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oyyavaszueIdTTuh s Aoy lusousmes

R——CH,—CH

/ i
R+ Hzc—C|2H
X \

R——CH—CH,

X

Y
a ' ' a o
2. YUY eI Wo a3 (Chain-propogation)

=

o3 o =3 o n’:’ gl ] = ¢ o aao o
lunsgudumsheiyadasailyfnsdudislaweamas il §snduueus-
o = =
o3 lwanan aevtud-aely

Head to tail addition

R——CH;—CH——CH,—CH
ik S |

R——CH;——CHs+ ‘CHy==CH

) AR

R——CHp——CH——CH——CH,

X X
Headto head addition

U

Y ] a o Q’: = a
Mo lgnoamesnIad a1l 1uAa (Abstracts) "1a'lfﬂ'sl.wezmﬂumﬂimaqamﬂ
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1013078

v EY
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1 k4
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v
d a o

[={ P T = oA ~ ! o Vo
p1uneuowes dihatensoais e luananedwesou nszuaumsi lui 1dsmau
¥V [ 1
anyadass luvasiunldsuulawaildaumasanueiaie e (Average chain length) U494
=N I'd 9 - P=Y g = de 1A o
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Msvenees lgaulng
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o . . aan c? s yﬂ: o a o
n. 39N (Combination) UFATTUTALLUTINAUTIRANg Ui Az
t v

= o a LY T o 'ny aan =1 o )
WUNDAWBSNNAWUZUUY Head to head @18 Tamodmesnaugalfjissuuuiifiiivg

2

4 &
Tuanamuay

VANCH,~—CH  + HC—CHy W ————  \An CHy— CH—— CH——CHyvvv

X X X X
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1 a = = ook a e = = Pl
ludaoyyadaszvosdnnodmesiilanedives ngyde 1o Tasuezaouszifalavaiy Tais
ar 1 ' a Ao = 12 ar ot aaa dy 1
wuseq aoldweames niulalasnnszaoniziaaie Isaia G unlfasowmuniia
k' 3 i 9
Disproportionation Munstiduaalfiasenuuyil dapuininenguwgiige hnin Tuanaves

= o o é & c? A ar
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J\N\.CHz-——éH # HOZ CHARAA )~ VN CHy=—CHy«'+ . HC—=——=CHwwn

X X X X

vauelweidwminwedwe lsiudwuayyadns:

r 1 A p

a LY 1 1a o o a
Woae lsirtuAeYYadm InnRanunetowb s AR E, 1Son71 Tailausus-
d
193 (Vinyl menomer)
Aa3isudansUNewe 15 uAJue IR DE e
A a a o ar a = 4 a =
mswninneliitapol gadaszdmsuna lnmsiiaNeawesfveyyadasziinaiy
¥
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Pattern : 86-1203 Radiation = 1.540598 Quality : Calculated

i Cag(P Oy )g{OH) gy 2ah. M Bk ! 2hj ] ml k|
; 10.829. 25f 10 ol sws 1 4l o4
} 861 4, 1 0l 1 83428, 3. 4, 3
+ Hydroxylapatite - synthetic / Calcium Phosphate Hydroxide ;88130 131 1 1] o 84.349! 2| 2. 4!
217571 ol 2. of o sesl 20 o n'
22869 1] 1 1] 1 85093 <1| 4| 0
25367 61 2 0] 1 85479, 21 5 2,
25937 47 0 0| 2 85759 1] 2: 6
; I 28.180f 107 1 0 2 87.419; 2 5 1!
j Lattice : Hexagonal ] Mol. welght = 85912 28815 15| 2 1] © 87419 2! 4! 4|
: 3tr7i| 1000 20 1 A s77041 3] 1l 1!
15.6.: PEI¥m (176) ] Volume [CD] = 528.23 32237| 860 1 1| 2 ss160] 2 21 3]
- TR 32888 71. 3. 0] O 88473] 5. 3 5]
| a= 942600 | ! px= 3015 341020 287 2, 0f 2 88724] 2| 2| o0
i | ! 35458) 2: 3 0 1 89565 <1, 1, 6|
: I 38159, <1; 2 2| 0 ool
i : i 39230, 8 2. 1 2 i |
, €= 686500 | : 3g.782' 28, 1 31 0O :
40433 g 2/ 4 ! ‘
lz= 1 “Wcor= 082 40925! T, iTg0: 3 i !
i i 41886 6 1 Iy, 1 i I
i : 43050 4] 1) Wi N2 !
; i 48352 _A1: 4 0% O :
| H 454017 40201 0 3 '
VA Ag3ze1: a_ 0! I i
. ICSD COLLECTION/CODE : 082283 46718 9277 2) 2. 2 i ;
| REMARKS FROMICSD : ATOM...H... 141,168 Atoms not located in 89505, 313l [ i 2 !
i unit cell agszs. 4 2 31 0 ! :
: TEST FROM ICSD : Charge sum slightly deviates from zero. 489555 2T =2 1 3 H
i TEMPERATUREFACTOR*ITF 50.472§ fo] 358 T |
; 51243, 9| 4l 1 0 i
52086 (12| 4i 0% 2
a2486hd 71 3l lo: 3 i |
S0 Gl bowd. 1} |
533370 45 - 0 [ | |
545090 1 1101 # |
s5881| 45! 32| 2 i
4 B S — e—- T i
58,0220 2{ - &h o0 i
i 583121 - 1i a2 i
: S87240" WEVaaln cahol i
; 59910, 4. (2;( 4]l |0 |
! 60.307! 31 3/ 3|1 i
60.762{ =1i 4l 0; 3
61,564 3 2 4 3 i
6180717 3P 42 14 i ;
62996 s (5! 0| 2 j
633881 (alaTs! AT N0 : !
64.098 k] 3 0 4 i
s 7 3N Y o0 ! i
! 549920 9] BT 4 i
664601 N4 1 4 3 ]
67455y <1l 2. 2! 4 |
685587l 13 4 :
i 68.988) /14 61 0f @ i 5
i *Calculated from ICSD using POWD-12++,(1987) primany reference : 69.3491 <1 1 0 5 | i
H 69.683 3 1 5 2 i i
i *J. Solid State Chem,, volume 126, page 195, (1996) - 70.058(" <1 4 3 0 H
! Jeanjean, J., McGrellis, S , Rouchaud, 4.C., Fedoroff, M., Rondeau, A., 7050640 <1: 6] 00 1 1 i
. Perocheau, S., Dubis, A, 70843 <1i 5 0! 3 i
! 71.585h, 2. {8\ i S | |
718100 . 21 4 o o) & i
[ 72.214 1 5 2 0
72588 <11 20 @ 5
72990 <1 3 3 3 |
" A 3 g 51 1 ! !
74054073 2 4 3 |
| 75004 1. 2i 3. 4 i
i i ~75.004 1 6 o0: 2 i
- Radiation : CuKal i Filter : Not specified 75770 3 2: 17 5
i 78093 2| 31 4 2
| Lambda ; 1.54060 { d-sp : Calculated spacings 76.454' 1 6 110
{ i 77108} 4 1 4
i 77.214| 4 1 3
i ! 779340 1 11 1 '
i 7 s 78.186{ 6 5/ 2
o 80.980| <1 2i 5 [ ]
i 81.264; <1 o 4
: 81652) 1 4! 0 | :
! 820121 1 1l 5 |
i 82328; <1 6: 2 |
82683 1 I i i
i

= dy w o =t o 3
g1 -1 pluvumsideaussdendgves leasonguoih Indnindelya JCPDs



Pattern : 9-169 Radiation = 1540598 Quality : Indexed

Cay (PO, ), 2h| 1 Bl kJ J i |
10847, 12! o0l 1j 2 H
o 1361l 16 1 ul 4 ]
Whithockite, syn / Calcium Phosphate 142280 B8/ 0 0 & i
17.005; 200 1| 1. @ |
18469 2! 1 1. 3
20212: 8| 2{ 0 2
21334 4| 0 1, 8
. I 21874, 16| 0| 2 4
Lattice : Rhombohedral i Mol. weight = 310.18 2206 4] 1! 11 6 i
25803 25 1, 0 10 1
S$6.: R3¢ (167) | Vonme [cDJ = 3520.91 26189 4 27 1. 1 !
- ; . ! 2657 10/ 1] 2 2
a= 10.42900 i - Dx= 3072 27421 8 1 1] 3 |
| ! 27769 56 2. 1i 4 |
! ! Dm'=3.120 2868y, 2; 11 2 5
29655 96, 3. 0 O : i
€= 37.38000 ; 31.027 71000 0. 2 10 i !
| ‘ 32443 207, T, 2| B P
‘z= A H 33027, 10 3 W 6 [
; | 334851 8 1iWfN2 |
i A 38372465 2 2, 0 !
i 34995| 6 0i 1|14
i | iR 8 .21 2 Y@ i
I55Qr [ T2 A2 1) 10 !
COLOR : Colorless, whits, gray, yellow 35907 |6, L1 3] 1
OPTICAL DATA : A=1.626, B=1.629; Sign=- 37329 10] U Theeab 11
SAMPLE SOURCE OR LOCALITY : Sample obtained by heating a 3r8st| sl 3| 1| 5
commercial sample. 39.801 10 1 0i 18
STRUCTURE : Nearly isostructiiral with cerite: 40059 4) [ 1| (1lwais ! |
ADDITIONAL PATTERN : Validated by caiculaled pattern 42-577. 40208) . 2p 0| 4| 2
41:089; 4] 7 A" 0.1 4
418685: 121 3| 0o 12
42973 41079 2 14
43.551 | 8{0f- 0! 18
43738l W] 7030 2\
[ Y f— —  — 1 ]
44531: c10 701704 _ B
44763] Bl a2 4
44.503: 4} 3] 101N
45306t B2, 24| 92
4603540 2)/ (13 H: Y 0
46836 4[| 4]l 1 a3
46.969] 20| | 4] DOj 10
47.969: 718} N |2 30"
48404, 14|N 4] | 6
49.786,- 12|/ B]" 1| 20
50.316| 6.°3; 2| 10
50735/ 651 0| s2
512541 (8] —a4i 1| ‘9
51474} % 8: 0 5i%4
52618~ 47~ 3; af Vo
52846| 25¢ 2 og) 20
53514: 8 an. 0l 18 !
s4407| 8 (5N 0| B
"ICDD Grant-in-Aid, (1957) primary reference : 55.115 4 4 | A2
de Wolff, P., Technisch Physische Dienst, Délfi, The Netherlands. 66.1411 (M\6¥% 52 34 14
*Dana’s System of Mineralogy, 7th Ed., volume 0, page 684, (1951) optical 56592 6] 20 2 18 |
dala : 57441 6 4 2 8
57558 74 5. 1] a4
*Am, Mineral., volume 60, page 120, (1975) * 59515{ 12 5 1 7
Calvo, C., Gopal, R. 603721 4| 1| 5| 8
60809 4! 2/ 1| 22
615711 4, 6; 0 0
63444/ 8| 1| 5| 11 ‘
64678) 4l 0| 4] 20 |
65238! 4 0 5 16
66017| 4| 3! 4| 8
[ 3 = 66282 6/ 5| 2| 6 ]
Radiation : CuKa1 | Fiiter : Monochromator crystal 67.472 4 1 5 14 H

|
Lambda : 154056 | esp : Guinier

|
l

SS/FOM : F30= 54(0.0147,38)

P dy @ o o o = B
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PMMA (70:30)
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L4 13 iz ii 10

ci = a 4 = o o ar
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Current Date 2/23/06

86

Sample Information

SampleName PMMA Sample Type Broad Unknown
Vial 5 Date Acquired 2/22/06 4:52:40 PM
Injection 1 AcqMethod Set  Y2008_MethR_THF_30C_3
Injection Volume 100.00 ul Processing Method Y2006_ProcR_THF_30C_3
Channel SATIN Date Processed  2/23/06 7:52:30 AM
Run Time 22.0 Minutes
Auto-Scaled Ch togram
150.00 J = ) -1-100.00
150.00- \\\\ ‘//// ma-} \% B
140.00- \ / Dg, B : 80.00
1= -\\g\‘ N é {‘{%—L?!é \ w000 #
2 120,00 - ﬁ_:; T3 I l\ i E
110, — j 3 /7/ \\§\ W :j% \\ 0% 5
1 e - ; N 7 I.‘{ 1 1-20.00
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Cumrent Date 2/23/06
Sample Information
SampleName 100:0 Sample Type Broad Unknown
Vial 10 Date Acquired 2/22/06 7:01:14 PM
Injection 1 AcqMethod Set  Y2006_MethR_THF_30C_3
Injection Volume  100.00 ul Processing Method Y2006_ProcR_THF_30C_3
Channel SATIN Date Processed ~ 2/23/08 7:53:32 AM
Run Time 22.0 Minutes.
Auto-Scaled Chromatogram
160.00 ; - . |-100.00
? AN
150,00 i 3&\ rd !
Vi \ ‘ / / 95{_,; § ; 8000
- \\ \\\\ 7 4,/5 3 4 &l :
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E 12000_1 — —8 - *E — .40 s -'& .-': : '_%
.00 - = = -3 - o I ]
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Current Date 2/23/06

Sample Information

SampleName 70:30 Sample Type Broad Unknown
Vial 9 Date Acquired 2/22/06 6:35:30 PM
injection 1 Acq Method Set  Y2006_MethR_THF_30C,_3
Injection Volume  100.00 ul Processing Method Y2006_ProcR_THF_30C_3
Channel SATIN Date Processed  2/23/06 7:53:21 AM
Run Time 22.0 Minutes
N\ .
150.00] T S8l ,g\ NN g
140.00 ! g e E _:7/; \\5— 5 — T 4 iao.ou
130 3 g % \\ = : #
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Cumrent Date 2/23/06

Sample Information
SampleName 50:50 Sample Type Broad Unknown
Vial 8 Date Acquired 2/22/06 6:09:48 PM
Injection 1 Acq Method Set  Y2006_MethR_THF_30C_3
Injection Volume  100.00 ul Processing Method Y2006_ProcR_THF_30C_3
Channel SATIN Date Processed  2/23/06 7:53:08 AM
Run Time 22.0 Minutes
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Current Date 2/23/06

Sample Information
SampleName 30:70 Sample Type Broad Unknown
Vial 7 Date Acquired 2/22/06 5:44:05 PM
Injection 1 AcqMethod Set  Y2006_MethR_THF_30C_3
Injection Volume  100.00 ul Processing Method Y2006 ProcR_THF_30C_3
Channel SATIN Date Processed  2/23/06 7:52:55 AM
Run Time 22.0 Minutes

N

7 5\

Cumuiative %
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Cument Date 2/23/08

Sample Information

SampleName 0:100 Sample Type Broad Unknown
Vial 6 Date Acquired 2/22/06 5:18:23 PM
Injection 1 Acq Method Set Y2008 MethR_THF_30C_3
Injection Volume  100.00 ul Processing Method Y2008 ProcR_THF_30C 3
Channel SATIN Date Processed — 2/23/06 7:52:44 AM
Run Time 22.0 Minutes
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..
ERT = BWW WD= 9mm Signal A= SEY Data :7 Mar 2006

EHT = 600KV WD= 9mm Sgrel A=SE  Date :7 Mar 2005
Mog= 2B0KX Seen Speed=6 Tine :11:18:41

Mag= 100KX ScaaSpeed=g Time :11:16:47.
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T R s Y R B Y S T D S T | e e
(a) (b)
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ar
9-1 ﬁnymzTﬂ'Nﬁ‘?*mfuamﬂmnmﬁuﬁama“lumm'mﬂﬁnﬂ'em TCB-CS

=h.

31
fsnstdAumsee HARCS bhi 100:0 A 150181000411 (a)

1AL M8 U8/ 2500 INT(b)

EHT= 600KV  WD= 11mm  SindA=SEI O :t6Fob2008

Mog= 100KX ScanSpeed=6 Tima 42125
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51l 92 dnwaiz Inseadegamavsnaiuiinisluvesiaquszney TCP-CS

ﬁé’mmaumsmmu HAp:CS 1A 70:30 A a3veny 1000 1M1 (a)

HazfInIves 2500 111 (b)
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y 2 7 G 2
EHT= 600KV W .
Mag= 100KX Stif‘ ovod = 6§ g::‘:%i;n?:“;m EHT = 800 kY WOD* 11mmn Signal A= SE1 5 Fob
il i Mag= 250KX ScesSpeed <6 Time 1352:5¢
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¢ : % ki
WD= 9mm Date :7 Mar 2006 1 EHT= 6.00KV  WD= §mm
Meg= 100KX ScanSpeed=6 Time :10:34:28 Mag= 250KX ScanSpeed=6
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(a) (b)
i 9-5 dngaiz InsgpdregampuInaiuiitae luvssiagissden Tep-cs
NONTIA I TAINY HAPC SN 0:100 Tiadave1 1000001 ()

HAZAIR U878 2500.117.(b)

EHT= 600KV  WD= Bmm  SignlA= Date :7 Mar 2008
Mag= 250KX ScanSpead=6 Time :11:23:35

EHT= €00k  WD= @8mm  SignalA=SE? ' Dats :7 Mar 2006
Msg= 1.00KX ScanSpesd=6 Time 119:22:45
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Signal A = SE1

(a)
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: 3 e :
EHT= 600KV~ WD= 10mm  SignA=SE1  Date :15 Feb 2006
Mag= 250KX Scan Speed=6 Time :15:21:03
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; D= 10mm
iy, Mag= 250KX . ScanSpasd=8
= : ;

ORI TS
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Mag= 100KX ScanSpeed=6

00 kv Signsl A=SE1  Date :7 Mar 2008
Mag= 250K X ScanSpeed=6 Time :11:02:02
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AW WORAANABA | Strength at MU

HAp:C3 WU (MPa) yield
(g/cm’) (MPa)
100:0 | Fufi 1 1.7422 57.2056 8.9283
Fuft 2 1.7281 92.8248 9.1185

Fuft 3 1.7147 73.3921 8.6673 | v lduau

Sufi 4 1.7616 73:4999 82120 | T lalduau
7030 | Fuft 1 ¥1079 43.7522 4.1709
Fuis 1.0868 48/7340 5.3328
Fuf 3 1.0791 4516440 6.8954
Suit 4 112216 50,4619 7.6861
Fui 5 1:1356 503416 7.4294

50:50.| F1idh.1 1.0060 105.6708 51234 il mou
Fui 2 1.1047 73.7247 5.8143
Fuit 3 |7 < |1:0987 56.6159 6.4001
FR 4| 1048 5015817 53023

s 11019 24.6875 50551 | duriilddwou
30:70 | Husdi 1 1.0060 46.7582 4.6999
Fuite 10847 30.8451 2.8351
Fuit 3 140279 534692 5.6893
Fuft 4 0.9819 47.2461 5.1679

Suft s 0.9599 86.0878 44719 | lithldduau
0:100 | Fudt 1 1.629 52.6075 5.7004
Fuit 2 1.669 96.9674 8.2433
Fut 3 1.6844 57.3300 5.3736

~ 3 o @ ny a
ATTNN V-1 ATFNVUVITINADAUDITUNUIYIUNT TCP-CS
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ANY UOARANADA | Strength at HUBIHe)
Hap:CS WU Y (MPa) yield
(g/cm’) (MPa)
100:0 | ¥ 1 1.9122 313.787 47382 | T lddmnu
Ut 2 1.8308 208.229 18.8184
Fuf 3 1.8703 626.552 41541 | laivhlUdmou
Sufi 4 1.8964 317.775 22.4726
Fuft s 1.8671 245.563 37.7553
70:30 | Fuf 1 1.5090 1596.654 529700 | luirhlUduou
Fuit 2 1.3455 569,826 48.3070 W s T doau
FUT 3 1.5816 802.786 55.1540
Fuit 4 1.8545 1381.020 98,5900
S5 15420 1197.055 33.0830
50:50/ | 47 1.4803 1617.249 86.8700
Fuit 2 1,2590 1486.994 664210
Fuits 1.1405 1544743 74.0130
Fuitar] 13883 1717821 07,8280 [aisi lalduan
517 5 1.5896 959.822 885620 | limiylaldou
30:70 | Guit e 1.5726 725142 14,5450
Fiii 2 1.4377 713,718 53.9160
Fuf 3 1.3821 1692.172 71.9550
Fuft 4 1.2290 947,543 73.8450
Fut s 1.9197 8431.110 1142510 | Tushlduau
0:100 | Fuit 1 1.7153 638.074 51.0660
Fuii 2 1.6955 395.028 23.6370
Fut 3 1.7896 1465.225 53.7010 | luivih lldunu
Fuft 4 1.7147 799.932 35.7680
Fuit s 1.6523 3322.861 84.4460 | s ludmnu
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