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ABSTRACT

This thesis studied the preparation of calcium silicate/high density polyethylene composites
(CaSiO/HDPE). CaSiO; powders were synthesized from calcium carbonate and silica with 1:1
molar ratio by solid-state reaction. The powders were then characterized by X-ray diffractrometry
(XRD) and X-ray fluorescence spectrometry (XRF) techniques. CaSiO, were compounded with
HDPE (0-30% by volume) by a twin-screw extruder and shaped by compression molding machine.
The mechanical properties of composites were determined and it was found that flexural modulus,
compressive modulus and hardness of CaSiOy/HDPE composites increased while flexural strength
and impact strength decreased when CaSiO, is increased. The best properties of composites were
observed when using CaSiO; 25% by volume. Then in order to improve composite properties,
CaSiO, was modified with silane coupling agent (1-3% by weight of CaSi0,). It was found that
after silane treatment mechanical properties of composites (CaSi0,-S/HDPE) are better. The best
mechanical propertics were observed when using 1% of silane coupling agent. Finally, the
bioactivity of CaSiO/HDPE and CaSiO,-S/HDPE composites were examined by soaking in
simulated body fluid (SBF). It was observed that hydroxyapatite (HAp) layer formed on the
surface of composites but CaSiO,-S/HDPE delayed in vitro hydroxyapatite formation than
CaSiOyHDPE. The results indicated the bicactivity of CaSiOy/HDPE and CaSiO,-S5/HDPE

composites.
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uangdszian [7]

2] s = 4 A s T
¥iinvediag ¥iinna lnnMItadn RLIHK
a ] & =S o 3 b = o ~
1. JagAouthaion gaann2o Insaadeng ogiiu1 w03 iy
BN
o dda S a - o - o
2. |5 indniigngy Banadaomswigdula | leasenfuething
£ 4w Aa a4 oy
veuiloigotn 1) lugugy | Tanshiljnyundovade
lansenduerhing
o da 3 3 4
3. wIlndATmIs0gA | gaununRduiiews Tnmidvurleavn
o &t oar » ®
Funsenamiznwla Bioactive glasses
ANV IZINN
o e - @
4. wsfinaniedlme | BadedroWuszind Bioactive glasses®
HINTN Bioactive glasses-ceramics

lensondueting




Percontage of interlacial

? 13 binseactivity

bone tissue
2

() Type 4 (rascrbable)

Type 3
= ibigacnve! 2
a

Typ J—
- Eporous Ingrowtih)
—Type ot
i~ Ctnearly meth

L e ol i

1000

! T
a 10 100
Implantation tme {d)

+ ] <1 P ] ..’,' o A e a dda
1 2.1 AwdedlmedmRUBuwNTFININNL 4 FUA (8] TawhTaqasilindnldld

i ® ® ®
itN (A) 4555 Bioglass  (B) KGC ceravital ~ (C) 5554.3 Bioglass (D} A/W Glass-

® ® ® .
ceramic (E) HA  (F) KGX ceravital 1% (G) Al,0,-Si;)N,

3 o a a4 LY
m9af 22 dnvamwizvesTagrniindanamysianiag [9]

Jerg Faweqia  |amaudanss | aomwdwse | anuudana | Aoy
(GPa) nADA WHEBY (g/em’)
(MPa) (GPa)
Inert ALO, 380 4000 300-400 2000-3000 >3.9
ZrO, (PS) 150-200 2000 200-500 1000-3000 6.0
Graphite (LTI) 2025 138 NA NA 1.5-1.9
Pyrolitic Carbon 17-28 900 270-500 NA 1.7-22
Vitreous Carbon 24-31 172 70-207 150-200 1.4-1.6
Bioactive HAP 73-117 600 120 350 3.1
Bioglass =75 1000 50 NA 2.5
AW GlassCeramic 18 1080 215 680 2.8
Bone 3-30 130-180 60-160 NA NA




2.2 Jaqiszneu [10]

w =1 ~ . Y] -:: Yo = = [ 1
JaaUsenaunionou Indn (Composites) ithedag i 185uanuiounaziinig 1Fnusdi
o o o (Y Py . \ i o a = 4 o o
win Faadsenousailuiagnanssy (Engineering materials) fifvigwiianii Yaguiniims

¥ ¥ ]
Faudagusznouihag Tnserdauaziuuss Wt iaqusznouliguiananaie
] F= -] r : o ar u’: ar e ct o
Yrgmaiu famud wssgauaiimimu foliTagqlszneuiadanuudusdunie
(Specific strength) g9 HAZTAMBAATIUNIZ (Specific modulus) T
ot =4 o 1 & 4 o ] ' [ ar . .
JaqUsenoviivandsznoudosdiu (niou1nnn) Aunnareotraiu ldda (Distinct
] o & 1 o =1 | n’: =
components)  BYAI0AU FaAazveALTnaUEATINUANAIIVIINIIAIATHIASNIANAT
pamlsenovasdlundnveiaquszaeu Tdun
[ Y g & 1 = v dgq 9 o ) o
I dauiaSuus (Reinforcement) f8 aaufiilulnssadnildanuuiuswniog
ar P ] = 8 [ ar al ' 1
Uszneu JagiitudnuaTuusesfinamuuduiswazuogangs A10019UIa
uusafd ey 18us w@ule (Fibers) 3iiaaq 1 1 lond (Glass fivers) 1§
untuen (Carbon fivers) iduluanatd Keviar fibers) nivaymamwsiiindiiu
du dautasunssezidudiuunsandn (Principle load-carrying members) V93
a 4 Sy 1a rA = A
aqusznoy iWuesidsznouh hiflanuseiies (Discontimuos phase)
a d ar e H 1 o o ] a 1
2. wAind (Metrix) ifuSagiimihitaduaduusadhdaodu THegluduimis
uaznsuesafinmua TavszdenseunaznilesdnuaSuussninmndoann
3 + »
iissnindaedon $u quugiys aawdu dudu Indanuudausung
o 3/ ] ' Py = 4 (4 & ot 1 A
veqdadosniidnuauuiy waindidussdilszneviiindiudeiiiod
(Continuous phase) vzviiminfifludanaradieimus 1A (Load  transfer
medium) TugaauaSunsa
msulriinvesTaguszneurnnsawmudnyuzvesmET NI I sULNY A
>
vosnowu Tnda 1ddell
1. YagUszneuuuudul (Fibrous composites) A Tagilsenouhiiduaiumse
¥ [
Fudule Fivers) srududulodu (Short fibers) nimidulusradoiiioq
. s =1 ] v o
(Continuous fibers) Wnidludulovuadn Sarmudas wazveqdags ild
as < 1 W ] 4
SamlszaoufinnuuiusseuuamsSesimeadulygniumadug
2. Sagusenounuunsunieniiiug (Laminate composites) fAnTagilsznoud
y > a 1 o d4 A& w A Y aw o o
Usznoudesuneurniussfagiivaaatudendaena idnsuziiludun adw

3

- 1 '
Lu3y (Sandwich) M3 et Insead1anduf e (Honeycomb)



3. faqusznouuuuBuoyma (Particulate composites) AvTagusznovuiilidu
s eiiidnuusPuiio (Beads) UHY (Flake) M30HI (powder) ATlvuIALAn

@ndvwsdnni 1 lunseu)

= 8

2.3 unoidBNdnnn
2.3.1 Yeyanialiveunaidoudaing (Casio,) [11]
¥y
unAAEENFAINA (CaSiO,) Fiin Wollastonite gnédunuludl a..1822 uaziimsasye
2 o = W : - ! . a
mmj’:ﬁ'uwu mni‘luunmﬂmuwnmnqwﬁa William Wollaston (L5 Wollastonite U013
L4
i lumanisdrlud a.a. 1993 dafuda1dinsdnutadnuas s I5manta uaz
v »
maRauiemsiws stiatmnld
a 4 a4 a a a «f

Wollastonite dnsoifiadn 1d 1uss70mA Feszifavianafounlasyasringud
= o« . 4 W A A J . ¥ = ¥
funalea (Calcite, CaCO;) Wuserysenoududani (Silica, Si0,) lavizABIlANUSDULAS

w E caa da & v
armdudniivadesdas Ugnsoriidatudu lufsouns

CaCO; + SiOy — CaSi0O; + CO,

calcite quartz wallastonite  carbon dioxide

v »
. ! K ] LY e
Wollastonite tﬂulliﬁmﬁﬂi:’,ﬂﬂuﬁ”w Ca0 48.28 % g Si0, 51.72 % Taudinun %49
Wollastonite faalusssumnozi leoouves Tanziuedluduananidon wu szqiliy
o = = =t o = = oo Y
Man uuantia Inunadoy uazladon TavesnldsenounanlivadnsuusaINAYUA

Wollastonite HEASAIAITHN 2.3

A13197 2.3 panUsznoumaniivenarsuTRinAstia Wollastonite [12]

awszneumand wedisudlaminmin
Ca0 47.00
Si0, 50.00
Fe,0, 1.00
ALO, 0.30
K0 0.10
MnO 0.10
MgO 0.30
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1 d =1 =t = o o []
AN 2.3 sendseneununliveslAaEBUSaINATUA Wollastonite (AB)

gaulsznoumandl wedsudlamimitn
TiO, 0.05
P,O; 0.04
Moisture 0.20
Loss on ignition 0.20
Undemined 0.71

232 Tassadawdnvesunm¥endding [11]

unniFrNgaInaany lunqu Pyroxenoid HazeyluNGUUBY Inosilicate Fefifnuue
Tnssatraunumo 91283 (Single chain silicate) Fafiaeingan 3 nyfifinsiaduada
HUDIAATEEATOA (Tetrahedral) W uFBuAniulaoilunaiduuimsneglugesssnaszinson
(Octahedral) a151l5zneudssantiiints Sadvawdnluvatouuy i lasndiin (Triclinic)
TuTunBiin (Monoclinic) tagignas 1nuon (Hexagonal)

Taoinuduninszdusdnuuyinsaaiinddiifveusadae a = 7.94 A, b=7.32 A,
¢ =7.07 A, alpha = 90.033°, beta = 95.367°, gamma = 103.433° uazilTanasaeniiuin (V)

39792 A

Repeating
Unit
Triclinic
agbgc
a#p#y#90’
*=Si =0 ==Ca
(a) (b)

g1 2.2 Tnseadrenin Wollastonite [11]
(a) ISR BINANUUL Triclinic

®) Tnssadramwvmolzfeddtine
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2.3.3 auAveAATILNTAING
2.3.3.1 auiinananwvssunadenaning [13]
1. gﬂi"lﬂ“llmwﬁﬂ (Crystal shape)

' = R ) ' Y < .
71l519n8nve3 Wollastonite 1313 190nu1Mu1IRMION (Acicular)

51 2.3 qulsnkiinvewaaiduadaingwila Wollastonite [11]

2. $AT1EIUATINASADAINYIIVDINAN (Aspect ratio)
»
HANUDY Wollastonite 118A51EMATINATNABAIINOI LA 1:2 T4 1:20
& y sHa e : 9) o =
%$ Wollastonite [NIANUAT Aspect ratio g3 ’r.’f'lu'lif!wl‘lﬂﬂuﬁ‘lilﬁ‘illu‘iﬂ"lﬁ

3, AUTUMHY (Density)

1da

) =] ﬁ( L1 L] t
ATTUVUIIILYB Wollastonite UTNTezog 1191 2.87-3.09 g/om” NiIM
' 4 = A A 1 oy = =4 =
Wugrailoanaind Tanzdudetlu iu evgiliy man wssmide Twunmdon uag
Tadoy wumuiinnadoulu Tnssadwdn
4. @ (Color)
= ﬂ" o 1 1 q =
Wollastonite  uTgmissfidnoudrsvauddiil lanzoudsluiorsy
. ¥ ]
waswiludasy fim dsuy S nieftuas TasFezdudveniamadetunil
] dy o =] r-} 9 =
aglufiuAsIHann3e lnseaianan
5. ASVWAINIANUTOU (Thermal expansion)
Wollastonite 3¢S dulszinsnsvorodimannudoudi65x  10°
mm/mm/”C waiidnyasianizvesdasidaundunitsdonaiuea e ld
Wollastonite  inudumuasnindeaniwgaitefimsnlasuulasguvgiisdie

d ar 3 a et o o
5257 wazdanagysuay ldangungiga
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6. YANADUIVAT (Melting point)

Wollastonite 1153503 @NIANADUIMANTZHR 1540 °C

o
7. ANULYINA (Hardness)

Wollastonite A midiananglueia 5.0-5.5

8. AYLNIIHNINLES (Refractive Index)

Wollastonite ﬁmﬁﬂnﬁmsﬁnmumﬁ 1.63

9, AU (Brightness)
Wollastonite 988719 19er190g 11923 85 §4 93

2.3.3.2 aulAimaaiiveumadsusann [12]

Wollastonite g3 Twanasdu Casio, Turaluimna 116 1 pH oflugas

b
8-10 uaziinwawisalunsazaniuyiny 0.0095 g/100 ml
o a ) 1 o
2371/53noUVOL Wollastonite  vznldoumngangiinazaiuilsznauas

uaradlugUi 2.4

-
L -
2400 o Ax
-
i )< 4
Lig, 4
9 A
0 7
e b et o -
“0n3q v LA, ,_-—’/-;___\‘d- ———m ]
R o e i
L Ce50p i
b o \ S~ e Loy S
9722 s+ % ]

5 S . I
e F ohgebaite - L. 1seee --Cay Stk Cop oy 1mtCnp3q, A
H30"

¥
i . e\ I A :
* " Hpmie Ui, “e ph9? PR
F “-casky “ U (eGS0 | psae N
1200 |- Fegytote « Peroorwtnitonie | CaS0q )  JCoy5y 0, ..‘.‘ -
n2g*

< ? - s - LoD J
[ Wigymire » wellegroniey [ 8 CoXe0y | B coziy :3': b
- 0" . 7, -
dov | o, 5. LIS * Yoo 5 o

- Ovwrir - Welesteade %20 €0y 5257 KA
i - N
I X L T- CopSlog ¢ Cot 1
T ”: 1 J:’ 1 b O - /T b4 3 ~ a2 g —J

¢ »”
59 CoQ-50, J0a0"2510) Lot 550, ICaD 50, coa

]

510 2.4 UWUNTWIPNIAYBR CaO LR SiO, [14]
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1. anwdealhmalfisouail
g N ¥ e o
Wollastonite U3 gnaazaeudhadsusdannsoazaiorldthe Ugasouansds

[1FY110%]

CaSiO; + nH0 —  Ca(OH), + SiOx(n-1)H,0

- a 1 o :3’ . = aaa 1 o w
N5IAA Ca(OH), avsi11MA7 pH (WNAU Wollastonite 221AUNTU108195 901390

] a - [] 4 i = oo 9/ o =
nsaTaummizod1ateninlalasanein nisedduiawisniialfiion ldae niadaysn

= - s oo o Y 9
nsaneareln nsaerdan nindain nsauanan uazasavesun udu UfATe1ves

Wollastonite funsavoavosnuanIfsaums
3CaSIO3 + 2H3PO4 —_— Cag(PO4)2 + 3H2$103

Wollastonite 7ifif pH gaseiise Tomilugaamnssud lavswaannuiuniaves
wod lhtlnozdne
o d{ A ¥ =2 = (o] e
2. Snumiszmeveaiieasielinauienusudsguugil 1000 °C (Loss On Ignition,
LO)
¥ ¥
Wollastonite fifi1/Tanmnsszimsveuiiamsiie Inanuiousutgungii 1000 °C

¥
(Lon aglua9 0.5-2.0 % lawrimiin

2.3.4 MSNSEUUABIFINT TN
Hegiumailanisiaisuuandoudainaiidonidiieg 3 33 14us FFuanaudena
(Mechanical mixing) 33 nnnenous 1 (Coprecipitation method) uagI% laraien (Sol — gel
synthesis) Taon1sisounis 3 S5Tndnmaniowmsifegluglmnlsgnou Tangeonludd
Huasilsznevdiil Tanzdhuuanlesounazesndiouiuuen losou
1. TDUAHTMTING (Mechanical mixing) [15]

¥
Fuanaunadunswivumsdsenevsen ladirsiiindde3TRugundie

¥
acl A

fign srmgniiga ung luiganndudeu mseionTaoTiim nohesddufiduveauden
vathdaofulumeuanauidng (Ball mill) Freymavesasii lnnIimsuanmudinasy
Royninvesmsseutelng Hvumeymainndi | Tunseu fidufertusinduaeunisua
naui lin S qnivesndasusin 14a Fuihudedeovosnsuanauiana niawinld
dufidumsiszneveen ladrauainnsuauds idunaui 181U (Caleination)

figamgiisanat 1100 -1400°C ozldmsysznevsenladveaysiind
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3
=t

v
msin3ou Casio, TavTiuanaudanamsdedudiléfie caco, uag sio, vanauiy
oy ° ) o
Furan 2-6 w0, uaziimsngungil 900-1100°C
2. IRARRENBUS Y (Coprecipitation method) [16]
=y 1 ﬁdc{ = o _o
matnansanasnouTanduiinldlumsmsvumisdsenouoen laanauds
A = 9 a P ] o cicid a 9
v N A Hur N aNNuN N drlaviiasazatunniiuanlosouvesa15NAnanis
] ar ") ] .} I's
anaznous i ldnaufuasanazneu (Precipitation agent) 131 uow Tufioulenson e
a ' a 4 & . o
it 18aznausnunsmisisznovosn ledifedu miniuhigisazawnrunisanazneu
3 A ¥ W
a1 ldnseamisusnaznousenuitaz oy THLAS
o . aaa ¥ v dqw a a oo
Tumsaion  CaSio, 1n3TUATARUALS Ao IMASZIDTR0D INFAINA
((C,H,0),8i, TEOS) uazunamon lumsamnss lainsn (Ca(No,),4H,0)
3. 3% [¥0ua (Sol — gel synthesis) [17]
et [} [ 1
Tora (Sol) 710 oymaveandanfidurugudnalesdszans 100 uTumas 4
W ' " Y ? [y 1 a
Aszwaeyluigninyounal mmﬂm“lﬂﬂqmmmﬂcﬁauuwuazlﬂnumﬁuaqmﬂmﬁ
e o o ol d 4 a .ﬂ' = ..5 & v s
(Gel) Fuvzildnuanduvadsinanmadoy Tessulvniauanalvgrudsaensouignin
fduveanan’ld
- ot el A - o
wadamsdunite 1auss lxa-na sz W@aisusenoueen ladnandalidnyus
ar or o s ad o J - ] = = 9}
Wuigainedugiu (Amorphous phase) ﬂgﬂimmnmﬂﬂwmminwﬂmNxmauumtﬂﬂ
vainnaly Tﬂus'mmaﬁuw'ﬁ'ﬁﬁ]ztﬁmmmssmﬁaﬁwmaqmﬂumuﬂaﬁmnuaau"lu
g a ) n’r’ oo ar
woanal (Sol) uazMsudadveslaananadusium (Ge) anshsduitisyiffonanlaveda
o . - aao = A ’ qd o
fnenlad (Metal alkoxides) ins1saursaialfiserlalas lada (Hydrolysis) 96195201390
» '
11 fmegevedTanzdanon leanton s wu maszamend latay (TMOS) LaziaAT2IONR0D
oY 7] 'd ¥ 1 - = -
InFans (TEOS) uazdanen loa (Alkoxide) 51401 1Y DEQUIUA NNUUA UAZUDITA BIUN
] ¥
Tounausy TEOS maiia lvawasusinmswivumsazaoasduoinmsdsznovdssinnda
o o & - A ] v ar o n’.c’ - oo
nen'lod ludiazateimuzeas Gedulngindluninueanssed nindusaljiin
loTas lade uazl§iTe132u67 (Condensation)
-1 . a8 .e: u’: ¥ da i
Tunmnnioy Casio, Taods lya-wallasdsduniisnlsae Ca(NO,),4H,0 uag

Tanzsanen lad wu TEOS vie TMOS Tavldontusaiiudiiazane
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235 madszgadlfnuunaidondtnn [18]
a5 lFuuewnaidoudainasiia Wollastonite  d2ulngionldfunaradn
»
390353 194 Tuaeu wedoamesd iWudy wenvnil falhunldidumsdauiuimdnlony
IumsviwAnsusanfuednisdu du Auuse) iteaadunumssiauazduiluning
FunswenmilFleiulimgeg Ao nagluegiuiimsiannnsidan casioluns
o a L [ ) ' - [y @ o a & o ¥ .
s TasinnididuTaginm wwdvasuasdafvaiatug Tun1silv Wollastonite

¥
aszwsluneawefldavy aunsonr 18 lasmsysundeddan lanau

[ N v .
A13197 2.4 AuiTAvened Insfiau (PP) ild Wollastonite viailah luiinfoudmazindouia

&elmaunTouiousunsd 1a1é1a Wollastonite

auun PP PP/Wollastonite | PP/Wollastonite

Y L] &4 =Y -9 = o
¥iin lHnaeUHL yianaaur’

AMULTUETIRS (psi) 4300 4450 6590
A130A B JAIA (%) 575 5.0 3.9
uoqde 14330 (psi) 180,000 535,400 638,800
ALY IUTINTZLUNA (R-1b/in) 0.49 0.9 0.7
qumgiidsauuminnudeu 130 178 200

(°F, 264 psi)
AMUHUTUHY (gfem’) 0.902 1.245 1.260

2 ar ’ o 8 v =) Y . 3 ] ar
Faonarsesanainaziuldi mainfouRy Wollastonite A0 Tyiauszanetivilga

Uond . de
AV PP/Casio, RAvY

2.4 woRlehaUTHANINRINUUUGA [19]
wediofiau Wuwefweisua lenRudyiamoed luwaadn Tauwiondenl§izen

woRwe s LAY (Addition polymerization) A9ETNAS

n(CH=CH,) -» L CH,-CHy),



M
Tnseadrevesneaionaudsenoudas mitsfidrfuveuefiduienses (Ethylene

monomer) TnudovsswedionawdudefiSunamssun IUPAC

weRienduaiusouildnarvrie lasudaseiaianuuand1adululasaadra

a oq 9 o :r
woAnssuuazMIUszyna i3y Al

WoReRaurIanunuug (LDPE) Tasaadiadi Ignanna ianumuudu

#1 0.915-0.935 n¥uRBEAUIATIEURANAS

' .
L ]

wodeAaustianumuiugs (HDPE) i lafsiiievites finnmiduatn
HALAIUNUNNMUGINTI LDPE  UAIMMWILY 0.941-0.967 nfudagnuInd
UGN

woRlonauSudurianI MU L1 (LLDPE) ﬁTcﬁﬁaﬂammzr‘%uq finnu
MUY 0.910-0.925 NSUABYALIRAITUANAT
woRpAAMBuduTTian MU LHUG A (ULDPE) TAmumutiiy 0.880-
0.912 pFusBgRUIATIBURINNS

woRtoiiauSudusiiauialuanags (IMWPE) 1ag geuin (UAMWPE) 1
1{1nﬁﬂ1utaqamﬁuiﬂuﬁymﬁ'ﬂ 200,000-500,000 n33/Tuad iy HMWPE uag

3,000,000 n3/Taad My UHMWPE

MmN 2.5 autAves PE Tunsadas [19)

ouvR LLDPE LDPE HDPE | UHMWPE |Polymethylene

AU (g/em’) 0.910-0925 | 0915-0.935 | 0.941-0.967 |  0.930 0.980
gamgiinasmnal (°C) 125 106-112 130-133 132 136
AMLYIUTIAT (MPa) 14.0-21.0 6.9-17.2 18.0-30.0 | 20.0-41.0 345
NI0A & AR (%) 200-1200 100-700 100-1000 300 500
yondeife ( MPa) 248-365 415-795 689-1654 - .
ﬂ’J'I'.IJLL#Nll‘i\'Iﬂ'SSILﬂﬂ - 0.67-21,00 27.00-160.00 No break -
(m)

A% an4 (Shore D) 41-53 45-60 60-70 - -

WORBRAUYITAAIINNUIUUGS (HDPE) 10130031 wodishiiuidaudu (Linear

a o't 14 4
polyethylene) iws1zwediweidlassauuduarufouanen Jldnsdndtoonin vie

] ¥ a +
219150071 WOAIONAUANUAUAT L‘Wi'lzﬂ'iS‘U’J'uﬂ'!Slﬂ?UIJWﬂﬁuJE)'J!‘]IuﬂNﬁ'ﬂﬂi%ﬂ'ﬂﬁﬁuﬁ'l

AIHBADNAUATIUNUWUUA
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2.4.1 nIzuIUNIIKAAURYTHIGATN
1. AS¥UIUMIFINGDT (Ziegler process)
= i v o e qd; oo o a a o
Twiwe lswiuinalaed3il ifunuuInesiamsulassziinmsiFtou
= ' o w1t w1 A = o o o
Tneesamasennwevaweifuduse #useanlFfelnmillouanssnaelsd duszqiition
Sofn fenusugentenuduussemeAnies 24 ussunm uazgamail 50-75 °C Tu
o o oA . 1 : o o4 & a -ﬁll.
Finatafiaey (Diluent) 1 sTuda wimu wis IngduuazusseimealuTasiou iieann
= ot 1 o : o z y - = o
wodenauiazarsludnaraies dniullsdadunefweiudrnzanaznausenuy
¥
wimnlisomedwe lsisdufugaasduisdinossuuaniszgnihateaslavnisiin
1 nl: i a J a o
LBANDEDA 1FU (9N INTHER MIB InTWIuEA MsNIMuaTiiady (sniuwediues)
amsngnafiasen’lyTaonsalelasaaeinlunennoeed udaimodmedi 16l maudld
ANAZNDY (Centrifuge) nazih 1 swediofidun 14Tinmmuuiuszuia 0941 glom’
Tnseadrivaswedme i iz iniiofiaifios 5-7 wyreszneuvesnsuey
1,000 szaew uaz lilnng Teaailumiiafa
a o
2. nszuIUMsHaald (Phillip process)
-: g =1 sdaaa & o ﬁ o 1 ar
nszurumsiildInsidoueen lodnlidan nieezgiinududusaludinan
By Txlnaienian tnazvealfisnegssninnszuaunsaiugeidiaisuwedie
Faufiiauruuniug aznizuaumsdinans anudulszann 30-40 usseIAA qUNGH
90-160°C wandait Iaitunediofiustianmmunniugafiga sz 0.96 glom’
o
3. NIEUMMIAUAUAISADBDA
:ly e £ = 4
aszvaumsiidunszuaunsindwadefunszuaunisiadlduin Tay
¥
&t ar '3 w1 aan ' a Ao
nsgaunstvzidiunuuasazaelasiduiaeon ladifiudus s fiser @ Tuduadylas
o ar v & o o o ar
pon'laduufangs 1 ozqiul gamailinld 200-300°C uazanuduldlaoialy 40-100
Y33mMe NeRwesh IATAMIM UL 0.96 em' nozdi TassadruBadufifioumuysal
] b= ar - o
wHReiunszuumtanld
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5quaﬂﬁ’ﬂﬁ 156 MPa, 1.57 MPa Ling 43 GPa mud1dy manameuniuies limsdimulag
uglua1sazats SBE 20 U 910015331z A0mATn XRD wag SEM 13WUNNYed HAp
Bedungenn 7 Sudennuduvesiinzfiuamwnaifiuglumsazaw SBF Tnswinues HAp
finaesfipihaiiuudulsnaufidudugudnainlszue 80-100 nm  91NMANA Electron
probe X-ray Microanalyzer (EMPA) Lia¢ SEM-EDS WUFUDY i Hinnmulizane 70 pm
wABUIUESITNT Bredigite (EEWUFUES Ca-P 1 20 pm ag,inwﬁwum Si @edasraan
494 Ca/P i1 1.65 GurADEAS AU Ca/P 189 HAp nAiln ICP 1¥5inszimsn/fouutlas
AU LUUeS Ca, Si, Mg ttaz P lumsazaiy nuianududuyed Ca, Mg uog Si I
Mudustiesanfanemdmousietis tazanududuyes p ifaansediesias usuiu
amsnageuanudiiuldveussling Bredigite Suwadsiieide (L922) WU Optical
density (OD) szfithganhariididudiniunu Sufiamssgyifu lavoausad 14 wmnila SEM
wudnszgnannsaidondefussifing Bredigie W lavszdarmmumiumsnigdnla
YoUTART 5,500 cells/em’ nAsIngnareluad 5 Su FannmTiuiuaaaldiiuinaln
n15AA HAp UMIS g Bredigite Uanpazamonyingdinimiszinn Ca0-8i0,(Casio,)

Siriphannon P. nazaaie [30] MimsAnmdawalnseadiesvens Casio, finsreRiues
HAp iiewinisuging casio, luansazats SBF Taglunu3seiiinisndon Casio, 42
Fasanazneuinveaadon lumsamase lainsa (Ca(NO,),. 4H,0) uasiansziofinond
Tndaing (Si(OC,H,), TEOS) Taulda1sasniy NaOH Wuaspnaznou nazRinIsing

l:;. = ‘é =y o 5 a 1
una land Hommngil 500°C 2 4. H11d CasSio, vilaodugv BINTUILINEIUYDS CaSiO; N

13 lngungd 1,000°C 18 B-Casio, unziigumgil 1,400°C 18 a-casio, vimiuii

»
ar ’ Ol

[] E
Fregnavie 3 musluaisazate SBF figuugd 36.5 °C ithaan 2 . 63 30 Tu Minviuni

e

F2t197 3 Fudnsumuszoznmfiae lasindnszinstedaves HAp #unaiin SEM,
XRD, FT-IR uazdinseimsufounasminnududuves Ca si uag P lumsazanu SBF
Zuenniin ICP 1INMATIA XRD W31 Amorphous CaSiO, dziifingin319di 20 i 30°
U B-CaSiO, uay a -Casio, Andt Watuduinuiiu casio, Aflnnmdundn nanisTinszd

mMundsnsugaaedislumsazain SBF 1inimaiin XRD Wi Amorphous CaSio, seifiaiin
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uBANAN HAp 7 31.7° 28 nundansus 1 W uaznufinveandnuaalad (Calcite, CaCO,)
3UBYAIL iosnngungilunssndnildigninedugmues caco, inmmaamiiesy
a9 B-CaSiO, tiag a-CaSio, Susngfineos Hap ndsnnudiiiunm 1 Ju uag a-Casio,
JZNURNVBY Cristobalite 8490 HAN1IATIVNATIZHAINNATIA SEM wuiiuAIve
Amorphous CaSi0, IIAIABAIYDINGUOYNIN HAp NIINAN Ftvwadndorimsuniu
(e 2 9, idlBuTUIUAY $1auBIBNIA HA seiinnduh IfRuilsnuasvguse
danduau g -CaSiO, Uag o -CaSiO, 12iinsnDAIYBIBYNIN HAp sufiAnsdafy
Amorphous CaSio, uanundamsusiiunat 1 Tu eyna HAp 121025 mA20g 1uduMuT
Lﬁ"n'szu:nmmu?ijmmmaumﬂn:‘lﬁqii‘})uw%’auﬁaﬁmsn'aﬁ'wmagmﬂ‘lﬂﬂémﬁm
vInHansasIv IR aNmduduved Ca, Si uaz P luaisaymiu SBF mondanisuy
re01as 3 siladaumaila 1CP wuh anududuves Ca uaz si wudossiadaluney
w3n sazadifues P anatetesngagudu Taofl Amorphous Casio, fimsazaivves
Ca 1INA3A18619g9N31 § -CaSiO, Lag o -CaSio, #aY2INITAZAI0YDI Ca fluraild pH
ummiazmmﬁuq«‘}’u SuRamsfenanyes HAp 185andanido01e8uy

Alemany LM. uaramz[31] Hmsfinuianuded]meininees Wollastonite il
sefUsznoumuniimilousuidsiousnms dunszidoisfdedu lnamTenoinms
Funs1zA@umaiia Solid state (W1) asdunsizdidomniin laa-0a (wW2) w¥anntiui
W1 uag w2 ﬁm‘s’uu"lﬂ”mﬁmmmuﬂa‘lcﬁﬁﬁqmﬂqﬁ 1,000 e 1,300°C iunan s $11ua
NEMTATI9AEmAiTA XRD Wudvia W1 waz w2 Avmswnunalmifigangdl 1,000°C 9
‘& Parawollastonite (Wollastonite-2M) ua:ﬁqmﬁgﬁ 1,300°C 9214 Pseudowallastonite il'lﬂﬁ,:u
Wi wi uaz w2 Tuslugisazais SBF figaingll 36.5°C a4 Flaniiftofnuauia
M9T20 M nmATia SEM wuh Wi asifandnves Hap etnauysaindsnindinl 3
Sula vaizi W2 veifandnues Hap sdnaauyseindenindinlidiss 1 dland daansa
tududnunniia Energy-dispersive X-ray spectrometry (EDX) Tavsgnudues Ca-p e
LS mAuEIY9 Wollastonie ¥ 2 ¥iin tazdinszdmswdouulasnmududuvedloosu
Ca, Si une P luansagaiy SBF Saumaiin 1P nuhnnmudiuduveslenu ca uag si vziia
Lﬁui‘fuathaﬂm%'mmzﬁﬂﬂq Aaft vaziduduvedloou P aziinaaatesnasiaiuaz Ao
aaft Tnwitgasrlumsdsunsnamududuves leseussdwu1dwed w2-1,0000¢ >
W2-1,300°C> W1-1,000°C> W1-1,300°C un:n“ﬁ’iﬂmmnuwm%u Ca-P A30MAiin SEM
Tﬂﬂmiﬂn‘ﬁuﬁﬂ‘lﬂﬁﬂ‘l}ﬂi (Cross section) wuhaumuesiu Ca-p axidufiudumund
uslumsazato sBF Taufi W2-1,000°C wﬁmmwummﬁqﬂ IANINARDLTHE AN

91 = ] ] 4 o ma
azulan w2 ezfinndedlimsnmuinndl wi HounasFunsieiaeisn
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] or a 9y 9 :;:I 9/ . x:; ] o’ by rs' ] o =
uananduri 1 1dasia lns we3e Microstructure) Nuandsfin laglnssasainnnuzl
' 1 = 1 o w o 1 o 4 =} 3 =
nanomsdanidoslesousiingian AoaIus 1R UFIISINARBNIANHANYDY HAp Lax
wumarunalnifigamgdl 1,000°C sfinmudeslinedinmannniifigumgil 1,300°C
4': { E; nl:? . é ] = 13 o
dosvinarsmuna lodfigunn ez 14 Wollastonite2M  #vhiiadesiviady
R r=) J 3 = =] ] 1
pseudowollastonite  3aau1satanddeslessuldsimdiniiseiinnuieslamedinm
WINAN
Wang M. tazaniz [32] SmsanmaniavesTanilsznousening HAp g HDPE fil
nsUsuleRuAadeniagaantsaulaolflasumendlefansiawnilasian G-
trimethoxysiylpropylmethacrylate) LagN13 ﬁaﬁawaﬁmﬁﬁuﬁwﬂmaﬂm a0 (Acrylic acid)
WemunuiAmsSame WuszuesTaqisenoy HApHDPE TaoUSumves HAp N14fie 20
3
= v o a o o
uaz 40 % lapU3uinses HDPE nuanisyfugeufuiiu 3 dssan Yssnmusnidudag
Jl5znoy HAp/HDPE Aiimsliuiisdanlmaudioseduies Yisinniiaeaiiufagilsznoy
HAp/HDPE #iin1igaavdaslsiounazaisaensdises lasin uazilsziangaieiag
1 14 ] 3
1ls2noy HAp/HDPE # lifimsySuilgeiuia minmadia SEM wuduledhmsdfulgeiuin
1 31 = = = | = Y- ¢ b
FrumagaanlmaulavlFlaswnendladaTnsfawm lnsaauasmssenanedioniauaig
5 = [ ar dé) (] o
nsaezlasan sl HAp @wisanszerwdalu HDPE Ifaduuaz limzduiudeu
(Agglomerate) 91AINALIA Differrential scanning calorimetry (DSC) wuNYsuues HAp Taid)
' P WA Y ° [ A & a
waregaimyiiasmal (T,) ualelinilflmausehli T, anawazezaandnioums
" a ] 9 = df 1 d’ ] ) & 12 A
A8neUL HDPE $udau fildhusuiimszme Isves HDPE imstavaivesn moladeiifing
a d? =1 - 1 .3' " 9 ] d'l o [TH] -; ] d' ~ ] a 9 P=Y
Winduiinnubangugei hildmeTsndeuwi ety wddielinsdendiunine: Inidn
o ¥a =] 1 3 <1 | =t I A o 9
sy iEnsnsznsvaveardnnnannsflsnauiieiiader msizmsdoneirl
[ a o = d” < - A 45 Aa 3/ o g
sasmsifailundoganas vennniUFinaiiuivees Hap Almsidlaauii e
¥
anuiluninvesTaglsznovszanns Tungui3ded [33] fawudndmsldimaiia FT-IR wy
] 1 o a o A -1 A A o df = Y
nmsifafinvesymsueiiafiinamerinau 1650-1740 cm” iWelimsdiudgeiiuiaelmau
1 ﬁl = é ] 1 q' QY ¥ o
uazmsdandunsnes lasan Fulrasihiimssofivandamstamzsznindagqlsznoy
HAp/HDPE Taoannsaduiudomatia EDX 93 WUNGUOZABUYEIR1A Ca, Si LAz P oguy
¥ ] »
AuRtveseynn Hap manageymuiaidsnanyhiiieviinislfvlieiuidienisgniy
lasan Taul¥ lasmend lsda Insiawm Insieauazmsdenanedienaudoniaes Insdn
) o 9 o = e 1 ' a w -
zaolfulpalimnnunlaus ddaunsmdwendalAnRITNIARIAIIATIALANTNIZIM
y ] 3
anas iesuduianlsznen HApHDPE Alildvinmsufudgedufiadasmsgainlsau
Tae1laswnend loda Tnsiawn lasinaunznisdenanedieniudonines lasin

4 = a ) ] & o 4 = a a
divannnines lasinzihltifangmfvonda (-coo) Fawrmsafaiuse lalasaudy
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[ Y a o o o 4 WSy S A ¥ dnz A a
HDPE uazasalmifawussloseiindu HAp 14 uazantididenan lAveAvuiioriiy

USuras HAp AL

Singh B. uagame [34] vmsiiny 1TagUsznouszndne Wollastonite/polyester Taoiin
msﬂ%’uﬂwﬁuﬁwm Wollastonite a0 15gauunsumms insnond Insiia lasumend
Tagraw (y-MPS) /Sana 1% Taohnin tiodnuIoniouiu Wollastonite 71414

o

& ) ] b 1Y
UFualgeiuia uasimanlasuudaalSuaues Wollastonite N1FAA 0-60% 1ABrIHIin
arey 2y 1 [ o ' =
snmsnuautiaFananuhainruudasds mfawegda marmudauselfeuasa
o s A & a . o a TN :’ o
wondaTdssefiAmuduam3inn Wollastonite 7114 Tnsfidigegaiiiuna 50% lanimiin
o 4 ] 4 a . P a4 - P
navoInivsziatanauiioldSua Wollastonie MUY YUSNAINITUA B YAVIAIZUM
& a . g W 1 S ,;-*.' ! o Af - .
aaaaiialSue Wollastonite 7114 AuRUIIATYL nasnUIINITUTUUFaRUAD Wollastonite
] 5 ] [ @ At S J o a
Frwensgmn lmauih limamudaussdunsmdaegdaiiiuiuiu 39 uoz 44% amde
* ¥
mnuudauss Idesounzaweadalfsselisunuanyszann 5 uaz 80% MNEIAL LAz
- : ¢ =} Py r= s . d'.vl llrlai o o
N1IGAYUUT (Water absorption) NANRAAINDINUUAY Wollastonite 11 13 an1nslsuyga
g a g 1]
AWuidesga lesnu
Zhang K. wazamz[35] MinsAnviaudafnauazanyiedlimndinmyesiag
15200V poly(L-lactide)bioactive glass (PLLABG) TavvhmsidsunlaalSunavesmsds
v - 4
Au BG A lduaghinsdiudpeiuidismgnau 3-e2i Tu Insfialasumend lman (aps)
» b4 ]
Usina 1% Tasiwnin wdenminiwusluaisazans sBF figamgil 36.5 °C a2
as a e S w P red o d” o
&l snnsAntantadinavesdagilszney PLLABG T hilimsdiulgsiiufivesms
Fuandrvarsgaiulsian nududomvfSunasdauin B seildsmogiatangu
. s oA .53’ [ o = 1 = . o
(Elastic modulus) TAUNAY UAAIAIVIIIIAWAZAINNUATEANITVIA (Break strain) UA

T d'l o ol d{’ a9 r u 3 ) 3 [T ] U U
anns uaileviimsdiulafuadrsmsgaon Temuudnei lvawegandangu Am

3
=

- ) ] é’ = LY
Lt‘iNI.li\1g]lﬁ'lllﬂzﬂ'lﬂ’J’l!Jlﬂ%,Uﬂﬂ'li‘U'lﬂﬁﬂ'lmﬂ‘Uu UNAUA SEM asHUDYNIAUDITTAIAY

y
Wy 2

BG annsanszeiwluignia PLLA "lﬂﬂwmuuﬁqmnﬁmwﬂ%’uﬂqqﬁuﬁ']ﬁ’aums@mu
lyau wazmaiin FT-IR vzwufinuesnyesiilu (NH,) Usingfidunie 1587 em” uazwy
Wuse (C-H) Hidumie 2932 em” msfnyiamieslmedininvesiaqussneu PLLABG
iag PLLA/BG-S wui1dwqilsenoy PLLA/BG 'ﬁ"lu'ﬂ%'nﬂ§qﬁuﬁ's$\"wmi@:mn%mu WY
sisuaniinues HAp ﬂﬂﬂqmﬁuﬁwﬁqmﬂu‘ﬂumiazma SBF ifuinat 1 duad deenanse
futh 188 umniin XRD vuizii¥ergisyno PLLA/BG ﬁﬁmﬁﬂ%’uﬂ;aﬁuﬁ’;ﬁ’faﬂmsﬁﬂm
lyauvzamnsnwuzlienanyes HAp ﬂﬂﬂquﬁuﬁmﬁ’qmmmﬂumsaxmu SBF w2

ar L4 Py A o os .; = 9 v =
Fuaw aunaiisaqusznoy PLLA/BG ihimsuUfulysfiuiadisaisgalu lamuiian

E)

a oa - oy 2

) b
jealamedanmdesnhinailoanoinuSnaiuAiifal§isngmaieudsmigaon
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aiau valisasnisuantdoy losouvesiaql senoufuaisazate SBF annsiinavild
ifiandan HAp TAd1ag

Hashimoto M. uagzae [36] MnsAnuiaudmdnavesiaguszney HDPETIO, i
14iudag lumsaonusunizgn Tﬂuﬁwmsﬂ%'uﬂ;mﬁruﬁa TiO, AWHIIYAIUUATHUUUNT
Yasnond Insfinlnsumend loau ¢y-Mps) fSuin 19% Tagnimin iftenlSsuidouy
TiO, ﬁ"lai"lﬁmmﬂ]%'uﬂqaﬁruﬁ':@’hu'lmmu Tagimafasundasanuiuildlusgnde
nszuaUMsEatugLoUsEH I 2.5 - 5.8 MPa uaziSunivea TiO, #1470 40% TavTuns
vINMALA FT-IR wvmnﬁﬂﬁnwwyjﬂﬁnaﬁaﬁﬂqmunﬂﬁu 1720 em” finuBIRUTe (C-O-
C) fiaue1Iniu 1162 cm” ANVBIRUTE (Si-0-Si) finaueandu 1106 1ag 1035 cm” woz
HURNURIUTE (Si-O-Ti) RlimMsAututna (Stretching) Fanueniu 940 cm” iiieinis
Yiuseufiagae laou uasninmsinumuifidnanuiuame faqUsenou HOPEIO,

o) s a_f =g ) 3 -y < 9 v w ar o ‘3’
pfimsUfulgeiuiadae Tsawviniusslisinuudasalnuweuas M ogaanunNIY

]

ma“la’f’ﬂ';mﬁ'mﬁui‘fu'imzwiwﬂszmumsﬁugﬂ Tagagiismanuudasalfssenazands
yoAAAAD 65 MPa iAg 10 GPa ANAIAY finnudu 5 MPa Lﬁ'mnw1ﬂﬂ1iﬂ¥uﬂqu€uﬁaﬁ’w
arauozi INAaf e Tnaus sz HDPE uaz Tio, ezl liifageadiesening
Samniataiiidauifidenad 184n 31 Saquszney HDPE/TIO, ﬁ"lﬂ“lﬁ’ﬁmﬁﬂ’s”uﬂgqﬁuﬁd
fau'lanan

Selvin P. T. tazanz[37] MnmsAnmauiafnavesiaqlseney PS/Tio, lauviins
Wasuuan/Sinaesasdaiu Tio, lfute 0-20% Tﬂuﬁymﬁ'ﬂunzﬁmﬁﬂ%’uﬂ;qﬂ;uﬁa
Ti0, #10 3-exii Tutenend laaufilSuna 0.1, 0.5 uaz 1.0% Tawiwiin ninn1sdny i
Fananud Mswegde m1anuudwsia Aimste o 9ave ATuudwsnzunn A1
anuudasalfssuazmuegdalfssiagiszneu PS/TIO, ﬁﬁwmsﬂ%’uﬂqaﬁ’uﬁaﬁw
lanansziinrgenii¥egszney PS/TiO, Fl&insUinlyeiuiadaslanau wazwud
muTaanad 8id i unmSnaasdaduiduiy Taoslnsfdanaiafqield
S et Tio, 7t 10% Taoritmitn wazSuavesansgaan lmaudinlSue 0.5% Tagtimiin i
g auiidenavesiagusznou PS/Tio, Hidga

235l g quearnns uazanie [38] AnyinisimSen aurl@iFena wazanuioslanie
FanmuosTaqlizneusng HAp fuwedieiaumeswnuan (HAp/PET) uaz CaSio, fiu
woRlefiumaIswnan (CSPED) TamTunamsawisuingAvaesiing 1dun Hap uas
Casio, Auiianazneumaunil nazdanszdmsdsenoueTod Tnenaumeiswnsa (C-
PET) minmifjissanedmeniadunuvilaieves PET mmfum'%‘uu%’ﬁqﬂszﬂauiﬂuﬁﬁﬂqﬁu

i510nd C-PET  uasd Dibutytinoxide (DBTO)  iudnusalfaser dimsdaduion
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1

»
nienszuenvinimhdouTaqissnen livnlfisumedme lsmduuuuidedaves C-PET #
P ] o 9 as Ay ¥ e =1 [ [
gamadi 250°C wazihAouTaqusznevdid linageuauiifin)uiwinasa Wi
o s o :‘ - ] s o oo = '
anuudwsinadavesdouianlszneuisassriiafisiganiifenasdinduigns uazen
=1 o s ' o i\
armudasanasavesiaqusenou csPET  HAmnnndiiaglszney HApPET Tao#
Sas5189 CS/PET 1 50:50 #8131 MPa uagdns1d7u HAp/PET 1 50:50 3fi1 29 MPa
,u 1w Ao 1 3 ] 1 o o
wenvniitanyhiaalszaouifisnsidauves PET mnduszdanaldininmiwsnada
dy dll. o _ o Q’: ) Qrsy =4 ) ]
wniu e 1 Taquseneuisaesyiia lunaaeandanudnm lavih lugluasazae
=5 = | o o 1
SBF figamgh 36.5 °C 1ihunan 28 Tu nomdsmsusnumIanainyod HAp 91n@15az00
3 3 » 14 [ ¥
SBF vuiiuivesiagilseneuvianisida uenvinmiudunuiiiuildy Hap Mifindiuuwiag
= Y o« 1 3 Y ] = a
1lseney CS/PET aduisandunduuuiagdsenon HAp/PET insnnimsi/asumlas

| P 1 v ° [ P 1 ' o 1
#1 pH figaniugrausni ldidhganiziimngauudmstendnus Hap 5301
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UNA 3

NTNAAB

3.1 ¥

1.

© N o

10.
11.
12.
13.

14.

or o

oD NAUFUAMUNUUIIUGS (HDPE) m‘s@ﬁﬂi‘fugﬂ (H6007JU) uStin Aundifes
o $1R FuTiELIITMIUes HDPE udasiansnd 3.1

uANFoNATIBIA (CaCO,) 130 OMYACARB-2 wiia lifinsawnfoua uSim qiund
pauth tniinea (Uszms Ing) $1ia

F3m (Si0,) (N3 HI-SIL (R) 255-S U39 TOKUYAMA #ild aemFan

lenuea (C,H,0H) nsamsi vt Tasnugs 8admga asuassnmiia
Tafounae'lsd (NaCl) nsadins 1z UTHM CARLO ERBA

Todon s Tasiumsuenia (NaHCO,) 1n38 AT 1wH V31N CARLO ERBA
TrunenSounas lsa (KCh inTaTia129 USHN CARLO ERBA
TaTwunaiFonlalasisuroaalaslewsa (HPO, 3H,0) 1nsAlATIEH UTEM
CARLO ERBA

wuniiFuunaslsaianaz lainsn (MeCL . 6 H,0) 1nsadins1ed U518 CARLO ERBA
nsalalasaaesn 1 Tua (1M HCD) 1n393Rs12H 1T CARLO ERBA
unaiFtanae'sd (CaCL) Insaiins1zH 15N CARLO ERBA

uen'leasa Imdvnudana (Na,80,) 1n3adins1ed V3N CARLO ERBA
asa'lensondmansiludinu (CH,OH) ,CNH,) 1n33iAT1EH VTN CARLO ERBA
unsvuuumlasasnd Insfia lasiunond laou (Y-methacryloxypropyl  trimethoxy
silane, A174) U3H ooHAnea ma $1de audAtIn)szAsveansuuM lnTend

Twsialasunend laau uaaidani1s1an 3.4



M31N 3.1 audauelszn1sves HDPE 1nsa H6007 JU

JArMaDuInal

auifd M1 Enameu HDPE
(H6007JU)

Assviimsg na g/10 min ASTM D 1238 7.5

ATUB UL g/em’ ASTM D 1505 0.967
ATUATUMIULT IR kg/em’ ASTM D 638 310
AMUMUNTULTIAINIA kg/em’ ASTM D 638 220

ueRATNI 17990 kg/em’ ASTM D 790 13,500
AU IUNIULTINTTUND kg/em’ ASTM D 256 3.5
AuNYe, SHORE D - ASTM D 2240 68
o6 ASTM D 2117 133

o ar & s o
* Jayaninuim Aualldudiaou i1fa

a9 3.2 mutiAnnedsznIsves Caco, nsA OMYACARB-2 iia liifinsainaiouin

pantlszneuazmlia wWa
CaCo, (%) 98.50
MgCO, (%) 0.80
Fe,0, (%) 0.02
nsaf lalazaly (%) 1.00
mm?;u (%) 0.20
VUIROYNIAURTY (um) 2.80
usa Tugadumne (gem’) 2.70

o oo = o 1 = o ar
« Joyannuiin q3und sondi nfinea (Jszmrlng) $iia
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Mm99 3.3 auifAutedsen13ueg Sio, 1nsa HI-SIL (R) 255-S

panilsznounazaIni® MR
Si0, (%) 98.75
NaSO, (%) 0.96
ATAU (%) 6.20
pH 6.80
AMUNUNUIIUTAA (gom’) 0.251

+ doyannu3in TOKUYAMA #ifi3 oonudan

M3 3.4 audauialszmsvesmsgaiuuauuiemlasaend Iwswa lanumend

lanau (gamma-methacryloxypropyltrimethoxy silane, A174)

autiamaiand Ho
ANYMULTNINIWAN YBuUva?
G NUGRELLLT
yiminTuana 248.1
usaTrfugndumz 1.045
AsTYIIMAMUES, n, 25°C 1.429
garu i, °c (°F) 108 (226)
gaufienii 760 Tadmasisen, °C (°F) 255 (491)

* doynnInuTin soaven ma S1ia
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¢ A4 A
3.2 ginsalazinIeiie

1.

10.

11.

12.

13.
14.
15.
16.
17.
18.

Lﬂ?ﬂﬁkﬂi 1RSI e WBna (X-ray fluorescence spectrometer, XRF) UTHEN
BRUCKER AG 74 SRS 3400
(A3 BIUARANR 10619 M T XRF USEN ROCK LAB ju BENCHMILL MODEL 1A
13 8I8AR18813d ML XRF UFHM HERZOG 3u TP60/2D
et EI NS ITIBNG (X-ray diffractrometer, XRD) UT4% BRUCKER AG {4 D8
ADVANCE
ndpaganIImiBianasauyiiadeensn (Scanning electron microscope, SEM) WAz
Scanning electron microscope-Energy dispersive X-ray spectrometer, SEM-EDX) U587
LEO $4 LEO 1455 VP
wissavivofsudtaaunuiinaesiined (Differrential scanning calorimeter, DSC)
U51M PERKIN ELMER 3% PYRIS DIAMOND DSC
iedimazrimed lunsammsndaut laies (Thermogravimetric analyzer, TGA) U3¥M
PERKIN ELMER §4 PYRIS 1TGA
lﬂ?ﬂx‘ﬁuﬂﬂﬁﬂﬁ ining W Infimos (Fourier transform infrared spectrophotometer,
FTIR) UFH7 Perkin Elmer W FTIR Spectrum GX

- mswsouRied : yosudedanaui KBr

- A2MYIAAY : 4000 — 400 cm”
193p38AR I 19d MY IR USHM Shimadzu Coporation $M SSP-10
(A3BINATOUIOUNITE A (Universal testing machine) 155N LLOYD INSTRUMENT
{4 LR 5K uagiu LR 30K
1n5098ATALULINAUINUBUS (Twin screw extruder) USEY INTRO ENGINEERING {u
PL-200
m‘%"mé’m‘fu;ﬂ (Compression molding machine) U311 LAB TECH ENGINEERING {u
LP-20
13 DIuANANARAN (Plastic grinder) 135N BOSCO ENGINEERING M A600
1399 3ALTINTZUNN (Impact tester) LTHN YASUDA SEIKI ENGINEERING {U 7697
1R5 DINATOUAIWUTINA (Durometer Fiia Shore D) UTHN INTRO ENTERPRISE
A5 (Fumnace) U35% THERMOLYNE U FUNACE 6000
s paFiaziBuanaiivy 4 §uims uStm DENVER INSTRUMENT {4 TC-254

nipuarmuFinamanvnaduriugudnnt 5200 Tadans
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20.
21,
22.
23.
24,
25.
26.

33

36

anuarmuFnamdnvinaduruguinas 102 dadms $1uu 196 91, ST RN
AUONA19 17.0 adiuas $149U 39 gN uozifuriguinaie 23.3 Tadums 914U 13 g0
yiiinsn 2.476 Alaniu

AgFIarlneL gl

aFidiasianeiaan

finTudimosyuin 25 fafians

AZUNTITOUVUIRBYNIA 230 1Y

NITATENIWEANDUAS TUAULIAAAIBYA 200 400 600 800 LA 1000
frnewaradnuuia 2000 Nadans

= e P o
VINUNIATBIULN

Funeumsnaaes
33.1 mamannzimmnyalumifuaneiunadendfinnyiia Wollastonite
1. Fawnadounsvemn (Caco,) 200 n3u uazdani (Sio,) 120 adu (Fasidu 1:1
TavTua) aslundeuanauuuia 5200 dadans TdgnualSina 2.476 Alaniy
2. @wenea (CHOH) lundouadiuia 500 Haddas Tavszninvesndu
3EM914 CaCO, 1A Sio, Anioy
3. Wimsuasauiiunm 2, 4 uaz 6 3u. Tasldanuissenlumsuanan 120 5oy
CLITRY
4. dlensufmmuaam 2, 4 uag 6 vu. dnas lundovaldalumnuszme mimiui
msildleufiganad g0 °c e 24 s,
5. Wimsuamsild nasih ldwnuaa landiigaad 500 °C ifune 2 .
6. m'mﬁ'qumﬂﬁnytﬂumﬁ'lsﬁ"lﬁ'lﬂumﬂﬁﬂ XRD ti0g XRF
6.1 Iinsrerosnlszneumunil Tnumaiin XRE

A1ILEISHUABN

- hasdaegnuadIsasnruaziBoa vini Toda AT Ui 2.5
nTuRTUAUNIAUDTN 2.5 NTY el minsaudiu s nfu

- Yhasdegnuasnsauenldadludsuaveunied Rock lab ous
neuasietauaznsavesnifdihudemuaiy

- Fnaismuudinluiildimenadninnsadiunieda Taudausesn

3% 150 KN Shaantszuim 5wt
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o ar L] Aw A [ 9 = a a o Y A
Massaetiensaseudesudqldimizvnisndsensumaniaiuni e

XRF

- o as = 4 =
6.2 Anszigniniiilunanlaemniia XRD

N13ATOLADLI

- Faseeo1elszain 5§ ASUNIVARILASAUATUAZIDUA

as

o ] A 1o ' Yor o Y aa a [V
- samsVuduuunldaistialao MR AN s EALREINUNUVDUUBS

flaaeea

s o v o Aw oo 9 3 o ¢ w = 2 &
- 'N'Iﬁ']iﬂ'lf]ﬂ'lﬁﬂﬂﬂliﬂﬂiﬂﬂllaﬁvlﬂ')mi'lgﬁﬁ'I'Jgﬂ'lﬂﬂlﬂuﬂﬁﬂﬂ'ﬁﬂlﬂﬁﬂﬁ

XRD

-

sasfiumsnna laluda Twifigamaii 900 uaz 1100 °c Wuna 2 .

a

£ o S a 4 ny o
iNev1guuvgilh Casio, inalundn ldouysal

axniguiiondnuaivoiasiidunizd 14Aomailn XRF uaz XRD

= o o =) = o
Sinszvdoyai Idnimmailn XRF unz XRDlaufisududeyavesmnnasgn

v
=

Casio, siien1anz (Il Fuauazgunginldimunalsmd nonzaulums

Funs1zd CaSio,

“

ar v i o = = o
10. Jaanuruiutuvesmsidunsizd 1daumin Tuilimes (Pignometer)

4 3/ L3 v
gasnlglumsimumanuruni [39]

Wl "wo (DL _DA )+ DA

(ws - Wo) - (wz _w:)

Tat D,

£ € 299

3

-

ATTUMUWUUYD CaSiO, (g/em’)
ATUHUMUUYDIDINA (g/em’)
AT Y (g/cm’)
dwtinRn lulmedldr @)

L d
o a = = o
hminsawvosin Iuiiwesias CaSio, (g)

14
L3

ar o = o :’ o
iminTwveenin Iulines Casio, uavthndu (g)
3 .

@t = =y o
u'muﬂs'mewﬂummmazmﬂau (2

L 3

a w dn ¥y ] A o ar b4
11. ‘Uﬂﬁ']i‘Vl‘ﬁ'\‘llﬂﬁ'l%'r’l‘lﬂﬂ"JUT.ﬂ‘NUﬂlWﬂ‘l‘l"lﬂ'liﬂﬂ‘llu'lﬂ‘ll'f]\'lﬂlgﬂ'lﬂ‘llﬂﬂﬁ"liﬂilﬂ

ATUNTITBUYNIA 230 LU



CaCo, Sio, C,H,0H

y

UARNANTLIGT 2 , 4 182 6 TILUAINNITIMON

gamgi 80°Ciffuran 24 wu.

l

uagsNHIMIsEmeRazivua
. o O ﬂ
gl 500°C Wunm 2 .

!

o L4 o o -
m'qu%umﬂanymﬁ"wLnﬂuﬂ

XRF,XRD

rfigangll 900°C fgungl 1100°C

Fluraan 2 9. whanan 2 .

Y

=, d a ' Y
asnfiguiliondnuaifemaiia XRF, XRD

o oy A =t as
Tinneidoyah Idfisuiumuasgii

Y

ot 1 o = 4
SannunuiuAonn luliinos

4

va CaSi0, N ldduInssuameiavun

OYNINRIATUNIITOUVUIA 230 1Y

: ‘ N ,
314 3.1 uwnoumsmansimnzanlumsdunszn Casio,
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332 mstfudyaiuia casio, Kasmagaauumanimasaendlnifialasimen
Tsan
3321 mimandmesmsasmoemueanehfimnzandmIvmsgady
Jasians
145150y msemueadetindudniazawdmiumsgainluau (A174)
Tﬂaﬁwﬂmﬂ’éuuuﬂmé’mwhwmmsazmummuaaﬁiaﬁ:ﬁwﬁﬁﬂﬂﬁm 80/20, 90/10
uaz 95/5 lneilsung Foidondasduaamsas e LeAReT 1AM
wionmsgaon leauitfum 3% Taor1minees casio, Adas1dau
52431 CaSiO, Aeasay ooy LBaReTBAs A 1:4 Tavumoulumsnioudail
L. &famsfjmu'lmauﬁﬂ%‘mm 6 AT AT CaSio, fiSuas 200 A3
2 mEsaraIseIeaRetnSAs L 80/20 U3ael 800 Taddas avludin
INOSNAARNYLIA 2000 Sindans
3. @vamsgaIn lsiouuag Casio, aslumsazmwiontueanoi ndsnmin

. ¥ ¥
sansiuntuvsnauvanualddhdulaslFunaiimdniuna 2 su.h

guMRiIADa

3 .
=

4, wdwinthahvowaniilallmhdudalasoudiedeviigungi so°c iy
1201 24 .
3 7 oA ' 4 w A A 9
5. 92ld casiors  Amdsuaisgaaulaou 3% Taniwmin indoundu
v ]
MsaEaIvENIHDanRDINDAI1aIU 80/20
] :l' 9 a; ar [} ] :‘ l:i 9 dl
F197191048 1-4 TaulauusnsiduvesaIsazaiten1uean s N e 7
v EY 1
$n3169U 90/10 Uaz 95/5 e Ntiu 11 Casio, S 3% lashmin Amsvnldeinmsaza
V¥ ¥ [}
lueanem 3 sasiam lUiinsizralumaiia FT-IR (oifondas1diuyodsisazaiy

¥
pmusadehimngaudmitmagan o

3322 Pmemsganlseuiliindeu Casio,
] b .
wdey Casio, AvmsgaavTmauiivfinm 1% uaz 2% lasimin e
<2 =4 Y 4 P ny o P ' o
Wisuifvuduanigai laauilSnm 3% Tanimiln (wSounnde 3.3.2.1) Tavgeas
¥
garulsaunas Casio, Aefl
¥ ]
Ysume 1% Taevimin samsganlaan 2 053 uag Casio, 200 3y

¥ '
W51 2% Tawrimiin Faesgnavlanau 4 n¥ uag Casio, 200 N3
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| ]

hasga lsauuas casio, Mdwazmelumsazaweniueansiim

gnsrdauan11dlude 3.3.2.1 nazwivuamis@oaiudude 3.3.2.1 9214 Casio,s 1%,

¥ 3 ]

CaSi0,-S 2% lagimiin ndanInunil CaSiOrS 1%, CaSiOf-S 2% Law CaSiOfS 3% (M

wiownde 3.3.2.1) 1Amevdanmaiia FT-IR uagsi T waudy HDPE #iSasidufihen
Mimsdivilge

=2 4 a4 a .
3.3.2.3 mInaaeumstamzuesmsgalulasnuiindey Casio,
¥ »
11 CaSiO,-S 1%, 2% uag 3% lamimiin lWazawluasazmuenvennsi

ar 1 y u’: Y ¥ 3 ' o <3 -
ATIAIU 95/5 uaz‘ﬂumuﬂmwﬁumwmiﬁn%’muTﬂuhumuumamﬂunm 23uN

« =

oy o LA v A o Y o a ¥ ¥ ¥y ¥ oa
UNNUHOY Hﬂ\‘m']ﬂuuu'lllﬂﬂﬁﬂﬁﬂjﬂlﬂﬁENﬂiﬂQﬁﬂﬂ'J']llﬂu Hﬂ'Jﬂ’lclwllﬁQTﬂUﬂUﬂ?UﬂﬂUﬂ

a

-

¥
gainndl 80°C unan 24 s, ndanmimbhudnerdiomailn FT-IR

L)

3.3.3 munivuTagUszney CaSiO/HDPE tag CaSiO,-S/HDPE
WAL CaSiO, LAY CaSiO-S fi HDPE #idasidaunnq dslumseh 3.5 Tuds

= ' ¥ 8 o
Waawni EJﬂ?‘I‘L‘II'lﬂU

A13191 3.5 gASHANYY CaSiO, 1 HDPE

qmﬁ dasdmlumswanlaginms
1 100%HDPE
2 15% CaSiO, + 85% HDPE
3 20% CaSiO, + 80% HDPE
4 25% CaSiO, + 75% HDPE
5 30% CaSiO, + 70% HDPE
6 25% CaSi0,-S 1% + 75% HDPE
7 25% CaSiO;-S 2% + 75% HDPE
8 25% CaSiO,-S 3% + 75% HDPE

v & o = ) v
33.3.1 n1sHENdunTeIdAsALUUINT IHHBNUE
» x ]
1. feguuginiesdasauuuindsamuenug 1 185, 190, 190 uag 195°C
d' 5 I b1 ! a:i = o A ar £
2. die@namaiimudsinismdunaniimisnluaisnn 3.3 asluiniedaia
= P Y s/ o 4 o
wuundeavupugiazislasldnnmiisey 30 seuasuth

o R g o o w o o A =
3. 'HfN‘B'lﬂ'ljﬂqN'ﬂ'lﬁﬂW'l'uﬂ'lU%UUFI'JﬁQIL’GZI,'Ju'Ibll]ﬂﬂlﬁullJﬂﬂ'JUlﬂiﬂﬂ'ﬂﬂ“'ﬁ']ﬁﬂﬂ
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4. thesamauivaudnnmaoulmilunioedadauuuindomuougigumyiinag

d -
AITHTAITOUN AR

w A d w ¥ o w o s ¥ & a 4
5. 'ﬁf’Nﬂ‘fﬂ‘UﬂqNﬁln’]N1uﬂ’]U!UNWQﬂQlla':lu'lllﬂﬂﬂlﬂuluﬂﬂjmﬂﬁE)Q‘l.lﬂwa'lﬁﬂﬂﬂﬂ

i
7

3.3.3.2 p3vugduam

a A w < ég P
YwesnaundaiudiaGsudosudugauniinei 3.6

= g e 2 ar
meh 3.6 anzhldlumsvugdinglizneoy

'I.Iu]ﬂl!?jlﬂ.l'll {Mold) Qmﬂgﬁxmznnﬁhﬂumﬁ;ugﬂ
wuldiddens [ oxo g | e Preheat Heat Cooling
fiye) | Goml) HnQ Temp | Time | Temp | Time Temp | Time
) | min) | °C) | (min) | (°C) | (min)
1 avudenss | 120 | 120 3 180 2 180 3 5 5
10
WELLALERE!
Llﬁzﬂ'.l‘ll]u‘f]\i
1313
2. m‘mu%au‘s‘l l.llillll'Ull'lﬁﬁj"lu 180 2 180 3 5 5
NITUNN ASTM D256
1016 { 6030 | 2
3.ueqdanada | 127 | 120 | 127 | 180 | 5 | 180 8 5 10

3.3.4 mamUTuadimineuves Casio, ludaqilizney CaSiO/HDPE  uaz
CaSiO,-S/HDPE
om13ua Casio, hurueuludwqlszney CaSio/HDPE uaz CaSiO-S/HDPE
ar ' .3 4 = o 1 dpy o a9/ =
ndamnrunszuIuns Nl eSsuiouduain ldninmssusamimauidvmatia

TGA Taoldhimiinuesasdaet1a 2030 Tadnsy F29guungiiilFlunsinasd 50-900 °C

Tausasinsinaudoun 10 °C/min 6a3510713 Iavediiy Tu Tasi9u 20 mUmin
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3.3.5 nrsAnueuiaganavesTagUszney CaSiO/HDPE uay CaSiO;-S/HDPE
3.3.5.1 anundsalfsse uazuegdalnse [40]
MsNAReUMIAInINS 51 1R990 (Flexural strength) uazdimegdnlde
(Flexural modulus) Taulfinspanaaouiountszasd uosldszuumsliiusa 3 9@ (Three-point
loading system) 114 Tl&snasgu ASTM D790 TaodagnetrailugAmAoufudumn 1s <

a o o Qy ey Y [~ a c:’
120 x 3 Tadwas 319U 10 3u an1zh dnadouiluaeil

-~ Tviasad (Load cell) 5 KN

- anu32lunInea (Cross-head speed) 5  mm/min

- 3333ﬁ1453ﬂ’jwﬂmﬂﬂ (Span length) 40 mm
‘T§—_:f |

—

&

B
s

Support span

30 3.2 msmageuautan Idwelavssuuliuse s g

14
=

gasnlFlumsdnnamanuudusdwsunziegdaldseidail

anuudauselfse; 6, = 1S5FL
SN
vopda Ao ; EVAQILTIAR® AR
4bh’ Ad

] £ 3
die F e usenegegaiiiidguaiue (V)
L fip 3081958 INg14NA (Span length, mm)

4 or ]

b D AUNINNVRIANIDYTY (mm)

b

o (]

h 19 AUHUIINDIAIDYL (mm)

13

AF Ao madwewnssluginsaldountaauthuduazs (V)

Ad  fe szuznalmselugaemsalasundandudunss (mm)
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3.3.5.2 anuudansanszunn [41]
oy or
AMTNATDUA MU INTINTZUNN (Impact strength) 11 TAamaIgIu ASTM
4 ¥
D256 lavlumsnageuszlduinsguuuylowen (zod type) 195uniudiodie 10 Fuluua

» ¥ ]
azgas 3UR 3.3 urasuaunldluminamey

by

Y
MFACTLD €10 i“‘u—o
1}

T e o —

A

<

ci a [ : = BJ' [~
511133 fMedfuauildlumsnaseuanunbausinszunn [41]

Tas A udgRenuel 10.16 T 0.05 Yadwns
B UAAIAING 31.5 — 32.00 Nadwng
C  LEAIAINGT 60.30 — 63.50 Hadwas

D uaayuzlal v 22.5° £0.5°

r =1 9 ] dy
AN anseunngsan ldanaunisae T
AMuLTsINTEUNA IS) = W/A
4 A ' = ' S e ' 2
gl IS Ae Manuudassnszunn (misutlun laganonsiauums ; kim")
) o ] o -
W fe mwdanunsziumn (muadunlage ; kD)

- .é' - Y o a 1 2
A 9 NUNMIIRAVTIRIDEN (A1TIUNAT ; m)

3.3.5.3 weqdannda [42]

MINATEUNBAAANADA (Compressive modulus) Aunsomanetountseaan

¥ 9 »
Fuhlnmunasge ASTM D695 Tasldaununaaendieiisas 10 Sus dagusnuiiugl

]
=1

A o o A { or di.‘
AmAougnnetunadssuio 127 x 12.7x 100 fiadwas aniziildnageudsil

- Tnanwad (Load cell) 30 KN

o
- A5 UNINA (Compressive speed) 1 mm/min
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10.0 mm

H A ny =Y o
s34 HdvesyununagevauinnuuwsIng
g 9k ] L) [V - 7] dy
gashlglumsdunuuegdanaon asl

uLAAANADA = AF/A
ALIL,

J - Y o ﬂy 2
HUNHUINAYSITPHITH (mm)

=
ac)}
= &
o}

=]

AVIUVHUS UAUADIAIDUTN (mm)

Dk M )
=}

] ] d ={
sadsvousana lugans asunlaauiludunss ()

>

>
=
o
@ @

o (] i 3
seuznagalugemsfoundaailiudunsa (mm)

3.3.5.4 anuudana [43]
NMINATBLANUNYING (Hardness) Wluhlamnasgn ASTM D785 lavlunis
nagovlFuinsgiu Shore D dnyauzfiuArves¥agiihwimaceudeadiniuuion danumu

ul ||; 1 55 = °o 1 I 9/ a ns: 1 é ot r
YA1N1 6 mm 15178108 5 s 1INITOUA S 1AUHIN1TNATOL 10 ATIADHNLIAIDES

= =
3.3.5.5 AT [44]

o o a .
MINATOUANNUTINTIAY (Tensile strength) UazEIUBAAN (Tensile modulus)

¥ 4 4 3 W 2 -y ’
Iﬂﬂi‘ﬁlﬂ‘iﬂ%ﬂﬂﬁﬂﬂmuﬂﬂi3ﬁ<1?| llﬁ$1‘]ﬁ$1J‘]_!ﬂ"lSiﬂLliQﬂQﬂqmﬁ{l‘Nﬂﬂq ATHIRTFIU

3
-1

o o ' o w ¢ o = o 2 Hq @ a
ASTM D683 Tavdasetiuduziduag fgiil 3.5 S1uau 7 3u annzhlimaaeuas

- Tuaawad (Load cell) 5 KN
= = . .
- anmilumsag (Compressive speed) 5 mm/min

- §2U2YDINTTUTUIU (Gauge length) 40  mm
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I"_ Gauge
Section

T I N
L Gripping Tabs —

]

- qy ey o =
:5,'1}7] 3.5 FUSTUNREDUTULARANULUILLTIA

3.3.6 audantanuieuvesdngiszney CasSiO/HDPE uag CaSiO,-S/HDPE
o Y ] i = 4 4 9 °y @ as L]
ensaredianet oy lduniinszrasmaies DSC laslmimilnmsdaletilseuim

] 4 o oy s . N <
5-10 mg vhunldanudoufigungiizudu s0°c #ro8nsinsidanuien 20 °C/min wubs

= - o ] Ea o 9 o [s) R = =y
gaivnil gagade 200 °C uazih iigu lnominagamgiindausni 20 “C/min WUDIRUNYH
SuduAIuLINTTIU ASTM D3418 Fnwgamgiviasumal (T,) Quuailanwan (T) AN

o o o o o b= . .
fouvoantinaoumal (Heat of melt, AH) uazilosidudnanutlunan (% Crystallinity) 489

2
FUNY
ASAIMIUNT Heat of melt (AH) saznlefidudanruiundnanniomidnn
»
AUNTAIN
14 ]
AH, = Aunidnsv (mh)
¥
MNUNMIAI081 (mg)
AI_Immrmliscn:l N AH!’ X 100
L4
100 - % larimtinyes CaSio,
wofidugnnmuiiundn = AH.__. X 100
AR
e AH, fiD Heat of fusion Y99 HDPE 71 lAn1nnTeq
T ¥
AH___..  #® Heatof fusion U84 HDPE Iijefi1/5u10i404 HDPE 100% lamimiin
AH? #© Heat of fusion 494 PE Niinmuunan 100% fia1 293 1/g [45]

3.3.7 dugniingwesiagilszneu Casio/HDPE uag CaSiO,-S/HDPE
a o ) { v w Y 4 4 4
Anmnisnsznedues Casio, Tavtiviaadniirunissadugiilufivdsufiudm
¥ . ] »
urluluTas9uMad (Liquid nitrogen) HnFUaMNgungiin1 (Cryogenic fracture) NA191AHU

° o 4 & = a e q
u']u‘llﬂﬁﬂﬂf”]".lumﬂq uaxu’lﬁuwﬂvilﬁlmﬁBULLﬁﬂm’JLﬂTIzHﬁ"JULﬂ?’EN SEM
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3.3.8 aisnageunliudedlinmedininvesiuqgiszney CaSiO/HDPE

uag CaSio,-S/HDPE luszuudmsasane [46, 47]

=1 ¢ ' <
3.3.8.1 mawmauaEIasalnl mawmmaﬂm HWNEHYBY (SBF)

aseinle e oua1sazaiw SBF fauaadlua1s e 3.7

a15199 3.7 anniin ¥ lumaesourisazai SBF [46,47]

GRETGLY Usum
1. NaCl 15992 g
2. NaHCO, 0.700 g
3.KCl 0.448 g
4. K,HPO,3H,0 0.348 g
5. MgCl,.6 H,O 0.612 g
6. IMHCI1 80 ml
7. CaCl, 0.556 &
8. Na,S0, 0.144 g
9. (CH,OH),CNH, 12.116 g

¥ b 4
TUADUNITIATUNEIS aza1elnal

L.

L]

] v ]
JuilnneiwaraAnuuia 3000 Hadidas NussHINAY 1400 Hadans AIUAY

= y ' o a 4 .
panaNszun 36-37 °C un AN AN (Magnetic stirrer)

Ll i

1 =

ﬂmmazmumsmuﬁaxﬁaaﬂmfmﬁ'uﬁm?uu"l*’i FuAn1sfaR 1 Saasdani s
ualdarsaaf 6 iivansaufor wisudant pH veemsazatoluseninamswe
(A1 pH a2sia sz 1-2)

Guasdat o aelilfiaziten syunsefemsazatviian pH Ussuio 7.3-7.4 -
SuRLmIeT 6 TmAeieU s pH 1i1u 7.3 (1 pH TiaasiAu 7.5 mszezinld
Ransanaznow) Ml adufusunssRatsAafi 9 ua f1 pH AT3ENT1 7.3
Uu pH il 7.4 420 1M HCI

19 pH electrode Zaoindu Taolideivaas i ludnnefdhedu
vasazaeiies oy ldldviatadSumsvunna 2 as dreiimnesuaziliuy
Ysinasmisazawlnviadatsmas Wil 2 Gas Surindu

o3 o o -
iwumsazate SBF A ld 13 lugiin (gaumgillszunm 5 °C)



13197 3.8 anutudueseiiunidloesulumsazaiy SBF uaz Blood plasma [3]

47

kAl Ion concentration (mM)
Na' K Mg" | Cca” cl | HCO" | HPO,”
SBF 142.0 5.0 1.5 2.5 148.8 4.2 1.0
Blood plasma 142.0 5.0 1.5 2.5 103.0 27.0

3.3.8.2 mInagepanudedlimasimnvesiaqilizney  CaSiO/HDPE uaz

CaSi0,-S/HDPE 1u'izvnam'3::mﬁ (Static system)

1. dafamdwesTamlszneu CaSio/HDPE Uay CaSiO,-S/HDPE Hiflvu1a 2 x 10 x10

mm’ Taoldnszarunsisvniannuazidoa 200 400 600 800 1Az 1000
] ¥
2. Falhwinianilsznou CaSiO/HDPE Lt CaSiO,-S/HDPE

3. Jaf1 pH vedmsaza1n SBF Ngungil 36.5 °C (qungilinemy)

4. utiequszneuaaluaisazaly SBF a7, 14, 21, 28, 35, 42 uaz 49 Tulay

augugmngiif 36.5 °C uazihimsian pH veemsazarelunsaz
5. ieasudmuanuniaqUszneusennIna1Iaza1u SBF uaziani pH
GRPLELRY]

¥ ) 1
6. Awiagiszneudimingu Ydesliutsiigungiives

U

@ o’ o o o 49 o o =y s ar 'Y =y
7. Snimindagisznreuild uanihiaguszneullaseigniendavaiaiumaiin

XRD 1oz SEM
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] b3
Fuiminiegliznoy

CaSiO/HDPE uag CaSiO,-S/HDPE SBF Higaungl 36.5°C

Jafi pH ypImIsazay

-

|

h 4

ug¥equseneulueisazatu SBF (36.5°C)

dunm 7, 14, 21, 28, 35, 42 uag 49 Ju

711 3.5 usnaumsnadeuanudsslmiedinmussiaqiszneui

P
NIEAIN

l

Faf1 pH iU

A

> ’
daTamlsznaudasingu

Udesliudafigamgiifes

= o o
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Dactvative Waight .
100 — — — N L. 03254
!
804 - I O -
Onset Y = 98,5020 % . 2
Onsel X = 452.732 °C :
80 4—- .- . -
L -
l 70 4 - - - EE : |
: L8
Delta Y = 83.6641 %} ! =
£ ‘ ! [* %
£ ! i i,
g ! ! 10
ES \ i
B —————— . T ' - e el e T ———— - o ——— - e ————
| 1— i L 1 ' .12
§ !
30 1 i . |
. | _ : 14
b
Y S T e
l |
10 —— - ¥
] ; | ; -18
0 ¥ T T - + -18.18
0 100 200 300 «©0 500 00 700 800 900
Temparature ("C}
TANZ005 12:58:43 PM
I 1) Haat fom 50.00°C o $00.00"C at 10.00"Cimin 2) Cool from 900.00°C & 50.00°C #t 20.00"Cimin _]

3Uf 1.5 TGA mes TuunsuvesJaqulsznou €S 20

110 -WQ*M“N*"*."“.*‘ h (,vp § (el Tt o, A Tl i o ok b Sl it et 0.3303
‘\s"' ] ]
100 l 1
| L .5
a0 4
l | I
80 - | -0 |
I Delta Y =57.0499 % g
70 - £
= l Las &
£ 60 - | b
R 5
% (7]
£ o5
j
40 ”s 'g—)
30 o
20 4 L .30
10 -
F o35
0 . , . r r : . r 3877
50 100 200 300 400 500 600 700 800 800
Teinpersture (*C)

717 w6 TGA me3 luunsuvesTaqusznou €S 25
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Darivative Welght .

100

375.838 °C
81.9371 %

Delta Y = 50,9948 % t

404 . e -

T T T T

400 500 600 700 800
Temparaturs ("C)

TM/Z005 1:50:55 PM

| 1) Heat fram 50.00°C to BCC.0C"C wl 10.00*C/min

2)  Cool Irom 800.00°C 1o 50.00°C at 20,00°CATin

|

510 2.7 TGA me3 luunsuvesaqusznou CS 30
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Patiorn ; 48-1467

[Catclum Qxica

t attice : Face-centered cubic Mol welght= 5608

5.6. - Fmam (225}

e w 4.81059

Volume [CD] = 111.33

Dxw 1246

iicor= 4.45

I
|
|
—————— - - -

!

IGENERAL COMMENTS : Sea slso 37-1497.

FOak Ridge Natl. Lab. Rep, ORNL (U.S), (1992) primary refexence :
Reardon, B., Hubbard, C., TM-11548.

[FPoveder Diffraction, volumae 1, page 265, (1986) unit cell data -
McMurdia, H.

[Radiation : CuKal
It ambda : 1.54060
SS/FOM : F132411{0.0024,13)

Radiation = 1.540588

2th

32 200
7 360
53.560
64.160
67.380
79.660
88.529
91.470
103.340
112,621
129.859

Quality : Colculated

142.641.

147.792

-

F LI W N T A T

Ed

WA= NOON N -

NSNS ON=00

=t o owadg o = o
ﬁ‘l]ﬂ .1 Eﬂlmﬂﬂ'ﬁ'ﬂ5zlﬂ\‘li@ﬁlﬂﬂ“ﬂﬂﬂ‘illﬂﬂlﬂiﬂﬂﬂﬂﬂqmﬂ
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Patrern : 71-2392 Radiotion = 1.540598 Quathy : Calculated 3
- v - — e e — e e ]
Ca({CQ;) 7 T R T T P SR S LA T l’
el <t 6 1 1 79785 <t 4 1 1¥¢
19788 + 0 2z 0 81 1 2 2 4
laragonike / Cakcium Carbonale 204411 2 1 1 0 80.235 <1 4. 2 0p
28483 70 0. 2 3 B0727 3 3 5 1
25708 100] 1 1 1 gipBa: <1 ¢ 6 3
M7 9 1 2 1 81885’ <1* 1 4 4F
e B D S - T - T B R 82323 3, a4 2 1y
32734 48 0 v 2 ‘82323 3, O ¥ 2
Lattice : Osthorhomble Mol. woight = 10009 337820 1B 0 3 1 g2427 2. 2 B 2}
%013, 3 1. 3 0 83450’ <« ¢ 5 S
5.6.; Pmen  (62) Volume [CD] = 255.3% | |i25 W0 1 0 2 83733 <t 3 3, 3
. . Mgt 2 2 ol 0 84370 <1, 2 3 4}
b 4.96140 Dx = 2603 B4 W 0. 2] 2 85149 2! 4 0 2 %1
| arsas; w1 12 5149, 2 1 7 2%
o= 8,96710 384697 1} 1 3 1 85997 1] 4 1 2
194, 4 0 4 0 gasrz 1t 4 3 1
b n 874040 apes3t 128 02, 11 821 1; 00 8 0 %
atsr2r 200 1l 20 2 %6821 1; 0 5 4f
b= 0.55320 Z= 4 Hcor= 165 “41572) 20, 2¢ 2 0 seosT 2 3§ 12
as2p4] 39 0, 4 1 ar2sar  1; 20 7T 1
Eb e 0.64016 43ear! 1l o0l 3 2 a7e71’ 1. 0| 2 8f
4450 B8] 2 2 1 grgar’ 2. 1, 1 5
o 4785l 4 1 4l 1 a8537 1. 4 2 2}
47553] 30! 1 3 2 gas8ss; 21 0 8 1
CSD COLLECTION CODE : 015194 454831 18] 21 o] 2 806217 11 1 51 4
FEMPERATURE FACTOR : ATF 4o514f a8l ot 1| 3 896211 1i 3 4. 3
BAMPLE SOURCE OR LOCALITY : Specimen from Grapevine Mountaing, 49583: 2 Poilo2 1
Beaty, NV, USA. sosx 7 2] 3] %
WDDITIONAL PATTERN ; Soe POF 41-1475. s1608) 3l o] 4i 2 : ;
s1o14l 131 ol 27 3 !
522001 28 17 1 3 i ﬁ
s2e8] 21 21 2] 2 ! |
53486 31 0t 5| 1 . 1
54351 <! 1, &l 0 : | ‘ :
55476 1 1, 4] 2 ! 1
wsisl 1) 20 4 o ! :
ss34si 1] 11 21 3 }
s654f 24 3 1 0 : :
|osasst ¢ 1 81 P
¢ sTES6] Bf 2 4 1 |
s7arei  § 2, 3] 2
| seggol S1 3 1 1 i !
¢ os03410 <] 1 3‘ 3 ! i
| 60.857; <1 0r 5 2 ; |
61B97; 3| 31 2! 1 P ;
62050 4; 0 8] O o |
‘520800 41 2 17 2 |
sxvsl 3 01 4 3 i
53978 3| 1 51 2 ,
4324 3 3 31 0 4
54.324] 3| ol 6. 1t l
64725 4| 2] 4] 2
sag12 2| 2| 2| 3 N
wmz 2| of ol 4 IF
Caiculated from ICSD using POWD-124-+, {1997) pamary reference : es03| 1; 3 0 2 | -
650858] 3i 0| 1 4 t i 4
Am. Mineral., volurns 56, page 758, (1571) ¢ 65965 3t 3| 1 2 ; ;
Ha Villiars, J.P.R. 66285 1y 2| 51 1 L l
66.503] <11 3t 31 ! i
68850 <1i 1 4. 3 i i 1
6rasg| <@ 1t & 1 i
67.940 <1| 1, 0 4 !
gaeoai 2l o 2j 4 N i
saesai 5 +l 1f 4 s
71056, 3 o, 6| 2 .
71.546] <1 12 4 ; !
227 <1l 0] 5| 3 )
T894 2| 2/ 5/ 2 i [
Ract/ation : CuKai ‘ Flter: Nol specified ‘72,894 2 3 4 1 i |
! 73188l 6] 3; 31 2 i
Lambda : 1.54060 { d-sp ; Calculated spacings 71587] 1 1 8 2 : | i
, -agary 1| 2, & O
75.007| 6 5. 3
: 75706] *l 2' 47 3 '
— 75952 Bl 1 3 4
76123 3: 2 6 1
7847|302 0 4
, 76888; 8! 3 11 23
78895 25 1 7 1 1 ! H
190885 4 0| 4| 4 RS
. mase| 4 3] 2 3 [T I TR |

at a wad o = o
gﬂ‘n f.2 EﬂuUUﬂ'l'iﬂ‘.izﬁN5Qﬂlﬂﬂ"h’ﬂlﬂﬂllﬂ'f!Fh'Ui.Iﬂ'l‘i'iJElluﬂ
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Paitern : B6-1564

510,

Chewtz iow § Sicon Oude

Lattice ; Hexoganad
S.G.: PI221 {154)

aw 472220

e 536730
I= 3

WCSD COLLECTION CODE : 100345

154 SG short Torm: P3221
ITEMPERATURE FACTOR t ATF

i)

Mol. waight =

60.08

Volvme [CDf » 101.72

Dx= 2843

cors 292

e

—

REMARKS FROM ICSD ;REM  PRE 56.8+5 KBAR.

SPACE GROUP AS REPORTED BY ICSD: ICSD SG: P3221S iTols

"Am. Minerol., volume 85, page 920, {1980) :
Levien, L, Prowitt, C.T.. Weldner, D.J.

“Caicidatad from ICSD using POWD-12++, {1897) primary reforence ©

Racdfation : CuKail
tambda : 1.54080

1 Filter ; Not specified
! d-sp: Calculted spacings

Zthe

21.714:
27.592:
38082
40.716°
41,696
44261
47670
51.873
58.570
59,782
62.579"
66,2871
68.815!
70.558
70 658
71.421
75.838"
78031
81.460°
83.204
83.831
84,102
B85.552;
£a.007
88178

Radlation = 1.540600

>

MW s NN e ON VR NN A OR = a0

T R T

>

DAWUMNMNMNDODORO=SO-4A LA OANO 2Dl

-

TR T T

Quality ; Cicutatod

plobidbonpwvwiioblioni—-olinoao

= & w o oodg Sy o
Uit a3 gluuumsnszRefitiBnduesdinousenlyd
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Cas5i0,

Wollastonite-2M: / Catcium Silicate

Lattice - Monochinic Mol weight= 116516

S.6G.: P2Ua (19)

Volume [CO} = 794.24

a= 1542600 Dx= 2914
b= 732000 Beta = 9540 Dm = 2922
c= 7.06600

e = 290738 Zm 12

o= 0.95530

SAMPLE SOURCE OR LOCALITY : Speciman From Sky Blug Hill,
Crestmore, CA, LISA

GENERAL COMMENTS : Same as parawollastinie,

OPTICAL DATA ; A=1 618, B=1 628, O=1,631, Sign= 2V=57 deg.{ca’c))
COLOR : White

*ICDD Grank-in-Ald, (1974) primary reference ©

Smith ¢t al, Penn State Univ. Unhersty Park, PA, USA,

“Z_ Ksistaliogr,. voluma 127, page 294, (1968} unlt ced data
Tegjer, F.

“Rock Forming Minsrals, volurne 2, page 170, {(1563) oplical data :
Deer, W, Howle, R.. Zussman, J,

Radiation : CuKal : Filter : Not specified

Lambds : 1.54056 rd-sp- Calculated spacings

SSFOM : FX0=120{00027,85) |

2th

11.514
16254
18.777

21.162
23.150,
23,823
25,303
26.189
26.848
27.473,
27.814
28.2361
28871
29.535,
29992
31.566:;
3972,
32953
IB023
35136
35.452
6.267
38218

-

pry

NMRRWANNOVDERWOCO2RAENWARLENNANWURNW 240 OYWhihml

e

-

-

51

>

hmemnohdbwhnslansodbbunadn

buolhddouvobovwnmabbunuiaa

ax

QRNNODQONNMNEOAON AN O=SRNO0O SO 2020

CREONANELRNONNEAENANMOOND

-

NUNMM&ONMU-‘&NNNNMU&AU—IMO-IQNQNNNHMU-KUONN-IQN-DOONNN—‘—'NQN—'QQ—‘—‘—'O
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Cagon{ Puna Br1n 24 (Byar Orza) 2th Honok ! 2th Lohow
jo7es 21 1 0 0 g1 1 4 4 0
12800 < 0 0 1 81980 <1 1 &' 2
Apatite, syn / Calcium Phoaphate Borale 16,781 4. 0 1 1 81950 <1 Q 6: 3
18783 3 1 1 O g2362 <1 7 € 0
28870 6 2 0 0 €279 1 4 4 1
227760 Ti 1t - 2879 1 3 3 4
| . . .y 261 3 9 2z 83036 2 4 3 3
257840 36. 0 0 2 B398 3 2 4, 4
Lattice ; Hexagonal fol. weight = 1000.48 28026 7 0 1 2 84033 1 0 0 8
8821 17 2 1 0 BasT0- <1 4 0 &
5.6.: P33 (147) Volume [CD} = 534.70 | 31653, w0 2 1 - 5075 1 5 2 -3
e - 075 63 1 1 -2' 8em 2 5 1 4
# = 9.45600 Dx= 3.107 32782, 68 3 0 O aTo83, 4 1 1 &
V3837 19, 0 2 2 a7620 2 2 3 &
3320: 5 0 3 1 gaoss 4 5 3 2
380M) <« z 2 O 88133 <1 6 1 -3
c= 690500 39082, 5 2 1 -2 B96s8 <t 4 1 B
je0, 2 1 3 0
Z» 1 ticor= 093 oz 1 2 2z -t
wos86i 1 10 3
b os1gst & 1 3 4
42168 1 3 0 2
R R #4705 5 1 1 3
44206 1 4 0, 0
ICSD COLLECTION CODE 088338 45154, 4 2 0 3
TEMPERATURE FACTOR : ATF 213 1 4 0 1
GENERAL COMMENTS B —containing. 6521 2 2 2 2
TEST FROM KC50 ; Charga sum skghtly dendales trom zem, A7 ert 127 1 3 2
4. 4 2 3 0
40208: 30 2 3} 3
soze1] i5f 3] 20 -
510690 11 1| 4 0
sigsol 11l &l 0y 2
*51.880; 1% 0 3+ 3
53004f 13 0 0} 4 I
54253, 2 1, 0| 4
sees2’ 4' 3 2l 2
sarel <t 1, 1 4 |
seott’ 4 3 1. 3
578147 1, o 5 1 i !
szg28l 1} 0. 2 4 i b
saor4f 31 4 1, -2 |
sg619t 1 3 3 0D |
5970t 4 2 4 © !
so477i 2 3 3
61338] 4, 2 4} -1 )
elasz| s 1] 21 4 , !
e2739| 8] of 5 2 i
61165, 2| 5 1t o
g3736! &l o) 3t 4 I
sag1l, 9 3 2 3 !
4752, T Bl 1 -
66.112: 2! 70 4 2
w6it2! 21 4 13
14 “Calcutaied trom ICSD using POWD-12++, (1997) grimary refesence : e7osel <b; 2 2| 4 |
sa‘wal 11 3 i 4 o !
3 ~Nippon Seramikdarsy Kyohal Gakujutsu Ronbunsh, volume 96, page 305, 68718i <1 8] 0 © o
4 (1988} : 6&.8963 < 0 1 5 1
o, A, Akao, M., Miura, N., Otsuka, R, Tsutsumi, 5. 65.208; 2 8 1 2 1 l
698031 <1, 4f 3t 0 L l
70241 <ti B 0i 1 i
70513, <] 5 0} 3 I ’
3 7108, 1] 1 11 5 !
k 7315 3l 4 3t 1 |
4 71949f 3, 5 2. D
¥ 21230 1o 2f 5 |
i 72851 <1y 3 3. 3 | i
i 73443 2| 5. 2 A |
| Radiation : Cukat Fitter : Not specifisd 73,710} 2 4 4
k 74801, 2{ 3 2 4 i
4 Lambda ; 1.54060 d-sp : Calcutsted 3pacings Mr8;, 1, & o6F 2
. 78200 4 20 1 & !
sl o2 3 4, 2 I
5 761660 1 & 1 D i
76634 & 4 1 4
# 76855 4+ 5 1 -3 !
* 77379 <t 0 3 5 !
N 776331 <f} 1 6 1§ !
s 77e60 5 2 5 2
: srare, <1l 2+ 27 S
‘i 80030 <1, SI G 4
i

- a w ad o
sifi a5 sluuumsnszfifidiondveaunndounemavesa wo1hIng)
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Bample : Pure Thwin Pusk = 138004 °C
14
l 12
l Arwn u 1EAATE 1Y
Detta M = 188425 2
£ Heutng e -
10 4 Onast » 120421 °C
2
i Coolng Grast & 117,198 °C
i y
g L
Arva = 180802 1y
. Dets W+ -188.862 4y
24
s
. Fosk = 11382 °C
®© ™ % %0 100 1o 120 10 1 150 180 170 I
Tampersiure (*C)
[» Haat rom 50.00°C Io 20L00°C ot 20.00°Chmin 7 ‘Coat #rom 200.00°C i 30.00°C #t 20.00"Crins THAOON 11:17:30 A |
& o
4 Q'T - =
gﬂ‘n 3.1 DSC imeT lutinsuvsd HDPE 'U'iq“'ﬁ
bl Sompls : W30
Pash » 135,004 °C
.
% -
| 12 1
| Arsa s $33222 3y
CemH=133227 25
£ :
10 Crmet = 126.770°C
:
; '-
! .N
Arve = 138,853 1y
Dalia H = -£34 853 2y
o]
2+
0 Peah = 114.800°C
00 7 ©0 ' 100 110 129 1% 140 150 100 170 180
Temparstre {'C)
[» Heat o B0.00MC 5 200.00°C #t 20.06°Camin ) Cool from 360.00°C 1o 80.00°C = 20.00"Cmin Tr#a008 1rzwo0 AM |

A o* a
3UM 9.2 DSC mes luunsuvestaqussnau CS 15
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Sample : 10786
Padk » 14085 °C
14
I 12 4
I Al = 14T LG
Delts H = H14.701 43
‘S Hasing .
giﬂ' Ondal ¥ 128037 °C
J et <
i L
Ares ® 110144 2y
Delg He-11014 Iy
4
2 Faal « 114800 °C
’
0 - T r v T - ™ T T T T T
L] TO ] L] 100 1m0 120 10 1o 180 180 1710 180
Temparsumw ("C)
Iﬂ Haat from 50.00°C o 200.00°C =i 20.00"Cirmin 4] Cool fram 200.00°C 1o 30.00°C st 20.00°Cmin mmnzz-.zm[
r
l'd U'T o ‘]J o
3N 4.3 DSC NI ULNTNYDNTGUIENDY CS 20
Sample ; 2082
14 4
I 12 4
l Arsi s 102815 1y
Duka H= 102813 Up
R
gib- Onast & 124741 °C
! '] ok PRLLY L]
i L
e =-101.122 3o
Ouits H #-101.122 Iy
a
Posh = 115.208 °C
2
Fl
L] T T T T T A T T T T T J
0 »n N 03 10 120 130 180 150 180 170 180
Tempermure [C)
ll Hamt from 50.00°C 0 200.00°C o 20,00 Cmin o Codl tram 200.00°C & 8Q.00°C st 20.00°Chmin Tha20 ‘I|:M:ﬂ~¢|]

711 9.4 DSC mef Tuunsuvesdanlszneu cs 25
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= Sampte 1 2676
1]
] Pask » 138,333 °C
11
I Arag = B3.030 Jip
Deta H = 88 030 Jig
£ g !
v Onsat = 124,53 °C
£,
1 Coclg Onaete LM
E Ly
Ana n 34073 g
Detta H = 34 873 iy
4
Pask = 114288 °C
2
[} . r T v T 1 v v
® 10 &8 £ 100 i1 12 13 140 150 180 1 180
Tewpershum (*C}
|u ‘Hast from 20.00°C to 200.00"C ak 20.00°CAnin ) Cool from 200.60°C 16 80.00°C st 20.00°C/min mmnmuﬂ
[
1-Icl. JT o ﬂ -
Ium 4.5 DSC M7 lulaTuuoIaguisnol CS 30
il Sample - 1% Siane
Pash = 132,008 'C
1
| 124 i
Arae = 103,080 Jg
l / Cola H = 103.000 1y
Healing -
2 Onast= 128312 °C
gm-
; L Cooling Orast = 1N7M1'C
? LE
e Arsa = 104704 3y
Dsta H & 104704 3
2
f
Foah = 114830 °C
[] v v r v T T T v T . v
L] 70 [ w 100 "o 120 150 140 150 163 170 0
Tumpunsture *C)
[1) Mol fram 50.00°C o 200.00°C o 20.00*Camin n ool fram 200.00°C 1 50.00°C st 20.00°C/min THAZ000 11;1 704 AM

314 4.6 DSC me3 luunsuvesdagilszney €S 25-1S
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B Semple ; 1% Sllans
Pash = 134.000°C
14 4
)
‘ Arsa = 103431 Lo
Duits H = 103.431 By
g Heatng —_
0T Onwal » 120.092°C
i,
I Conling __Omemst17e277C
g LR
Arns = -104.385 2y
4 Dot M =-104.264 3o
24
. Poshn 114,833 °C
0 T T ¥ T v v T T T T ]
© 0 w0 % 100 1o 120 130 140 180 100 170 180
Tempersiue ('C)
[v Yiaat rom 50,00°C ko 200.00°C ai 20.00"Chmin 7 Cool rom 700.05°C 1 80.00°C ot 20.00°Chnis Triavzoos ;177 A
= o o
31/ 4.7 DSC mes lunsyyesTaqusznoy CS 25-28
NS
A Sample : 3% Slane
Pash = 134337 °C
14 {
| 12 4
| Arsa = 108088 3y
1 Delta M = 108628 1%
£ o
10 Onast = 128.170°C
i
2.
i Seolrg Oneel= 117771°G
_ Dosei= 1
g Lh
Arma = 109807 39
Duts H = -100.807 Jg
o
2 4
Pusit= 114268 'C
x
o T r . . . . r v v .
© 7 0 %0 w0 10 120 0 140 150 10 170 160
Tempacature (C)
[» Feet from B0.D0°C I 200.00°C &t 20 00°Cn ) ‘Coot rom 200.00°C %0 50.00°C a8 20.00-Cimin 714008 11:1720 AM]

71# 1.8 DSC mo3 TuunsuvesTagulsznoy €S 25-35
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49 M

42 94

A
M

jLL 2
L 21 5u
j\__/L 14 3y
A.JL 7
L 0
I i i = =T T T T ]
20 25 30 35 40 45 50 55 60

Cuk 020

r v ’ .
31 9.1 pluupmBvayuiididndues HDPE uiqns vdwusaisasaiy SBF

Wusenzia 7-49 Ju
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49 U

42 U

359U

28 Ju

213U

20 25 30 35 40 45 50 55 60

Cuk a20

1 4
s 0.2 jlwuas@enuuiiddnduesiaquszneu CS 15 ndwsasasalu SBF

Wuszezina 7-49 4
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35

28 U

20 25 30 35 40 45 50 55 60

Cuk 20

51 9.3 juvumadonuuididnguesTaguszneu CS 20 ndaugansazay SBF

wuszezina 7-49 Ju
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20 25 30 35 40 45 50 55 60

Cuk 026

] Hd
3t 0.4 Jluvumsdouuuisdidadueciaglsznou CS 25 ndwsmisazaw SBF

o s
iwhuszozinal 7-49
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“51“‘ e 49 M
MW’WWM*&AWMM
MMMMWM‘W
Wﬂ\.“ﬂ " IA bt 28 M
,:,,A oy i J o : 21
,},A"”” P |A1I 143U

M ﬂ 05U
[ | [ [ I ] I T

20 25 30 35 40 45 50 55 60

Culk 020

[l ¥
31 2.5 JUnumsdrIuSddnduesTaqUsznoy CS 30 ndwtmsnzaiu SBF

Wuszozinal 7-49 Su



131

A | 49 4

28 U

20 25 30

35

40 45 50 55 60

Cuk 26

[ ¥ T
7 2.6 wuasdvauusdidndvesiaguseneu CS 25-18 nawvmsasatt SBE
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r, 49 1
!l \ ﬂ 42 5
,i k 359

28 U

20 25 30 35 40 45 50 55 60

Cuk 026

1] ¥
1 0.7 JUnvua@ruuuiididnduesTaqusznou CS 25-28 ndwrmsazaty SBF

Wuszeztia 7-49 Ju
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A H 49 14
}\ \ ﬁ 42 U
IN l h 353U

21

H 0 U
[ l I I [ [ [

20 25 30 35 40 45 50 25 60

Cuk 020

s 0.8 glununsBeauuiedidnduesiaquszneu Cs 25-38 niwgasazaiu SBF

duszozinm 7-49 Sy
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auvaEanavesTerqylseney CaSiO,/HDPE

1taz CaSiO,-S/HDPE



1. auliianaweiagilszney CaSiO,/HDPE

a3nn a1 anuudausalfievesiaglsznen CaSio/HDPE

fiIeene Flexural strength (MPa)
CS0 CS 15 CS 20 CS 25 CS 30
1 45.12 36.07 34.44 33.92 30.5
2 46.27 37.53 34.16 32.67 32.98
3 46.24 37.09 34.38 30.16 31.79
4 43.11 36.60 34.48 32.45 30.50
5 43.39 36.09 33.48 30.73 31.59
6 44.58 37.01 34.40 32.30 32.23
7 45.56 3535 34.06 30.87 30.78
Aundy 44.89 36.53 34.20 31.87 31.48
11 STDEV 1.27 0.74 0.35 1.32 0.94
mmei 2.2 voRdalfvevesiuqilseney CaSio /HDPE
fIee Flexural Modulus (MPa)
CS 0 CS 15 CS 20 CS 25 CS 30
1 730.87 817.74 874.25 889.88 905.59
2 756.75 853.43 908.03 910.98 950.62
3 758.74 881.44 872.85 919.30 900.48
4 764.70 826.79 883.11 988.47 836.24
5 740.50 862.20 879.95 952.67 907.35
6 760.90 810.32 886.56 925.05 937.34
7 741.08 837.74 815.76 900.48 941.80
Aunde 750.50 841.38 874.35 926.69 911.34
11 STDEV 12.85 25.60 28.36 33.75 38.63
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Mm71e 0.3 veadanadavesiaqlizney CaSiOyHDPE

136

1081 Compressive modulus (MPa)
CS0 CS 15 CS 20 CS 25 CS 30
1 93.17 99.65 109.04 120.89 103.19
2 94.90 95.15 108.49 119.72 114.45
3 90.55 103.14 108.08 121.52 111.96
4 94.96 101.62 112.08 122.98 108.82
5 93.90 99.07 108.93 119.42 102.42
6 95.14 109.13 108.86 116.76 103.88
7 96.51 110.96 114.76 119.22 104.14
Aindy 94.16 102.67 110.03 120.07 106.98
fi1 STDEV 1.90 5.63 2.45 1.97 4.77
FI"I?N‘?; .4 ﬂ’J'Illll.'?Nllix‘lﬂ53l,mf'l‘llﬂ~1:]'ﬂﬁﬂi$ﬂﬂﬂ CaSiOalHDPE
fBH1e Impact strength (kJ/mz)
CS 0 CS 15 CS 20 CS 25 CS 30
1 5.45 4.42 436 4.11 3.52
2 5.51 4.24 3.68 4.05 345
3 5.68 4.28 3.65 3.38 3.22
4 5.97 4.48 3.95 3.56 3.46
5 5.82 3.84 3.92 3.43 3.59
6 6.32 4.75 3.96 3.42 3.61
7 5.23 4.22 3.70 3.52 3.23
8 5.19 3.80 3.93 3.38 3.42
9 5.40 3.56 4.01 3.46 3.38
10 5.67 4.27 4.24 3.53 3.55
AiRae 5.62 4.18 3.94 3.58 3.44
1 STDEV 0.34 0.35 0.23 0.26 0.13




m31afi 2.5 anuudsnavesiaqysenoy Casio/HDPE

A20814 Hardness

CS o CS 15 CS 20 CS 25 CS 30

1 42 45 50 53 58

2 44 50 48 52 56

3 46 47 49 54 56

4 40 49 51 56 60

5 45 43 47 51 61

6 43 46 49 49 60

7 44 48 52 50 58

8 43 46 50 54 55

9 40 50 48 55 57

10 42 44 52 52 60
Aindn 42.90 46.80 49.60 52.60 58.10
11 STDEV 1.96 2.44 1.71 2.22 2.07

2. autimwInavesdngilivney Casio,-S/HDPE gas CS 25-S
M99 0.6 anuudausaIfssevesiagisznoy Cs 25-S
f29819 Flexural strength (MPa)
CS25 CS 25-18 CS 25-28 CS 25-38

1 33.92 43.16 38.38 33.95

2 32.67 44.76 36.72 37.36

3 30.16 44.55 36.01 36.05

4 32.45 45.63 40.60 35.22

5 30.73 46.32 40.04 34.09

6 32,30 44.95 37.95 34.88

7 30.87 44.47 38.53 36.88

And 31.87 44.38 38.31 35.49

1 STDEV 1.32 0.98 1.64 1.32
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A19199 2.7 veganlAssvesiagiizney CS 25-8

f0819 Flexural modulus (MPa)
CS25 CS 25-18 CS$ 25-28 CS 25-38
1 889.88 1310.71 1156.2 928.35
2 910.98 1308.82 1153.92 950.17
3 919.30 1452.9 1325.67 1068.99
4 988.47 1587.75 1351.79 982.79
5 952.67 1393.75 1239.7 926.09
6 925.05 1307.06 1263.85 994.76
7 900.48 1531.66 1241.95 943,04
Aunte 926.69 1413.23 1247.58 970.59
11 STDEV 33.75 114.83 75.76 50.58
Ml 2.8 vegianadavesTagusznou Cs 25-8
EPLUAT] Compressive modulus (MPa)
CS 25 CS 25-18 CS 25-28 CS 25-38
I 120.89 137.75 129.83 121.37
2 119.72 131.72 126.13 119.43
3 121.52 138.51 134.26 123.74
4 122.98 134.90 128.68 125.01
5 119.42 130.19 125.37 125.36
6 116.76 137.87 127.71 118.46
7 119.22 130.41 132.22 123.27
Minae 120.07 134.47 129.17 122,37
1 STDEV 1.97 3.67 3.20 2.69
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; o o
m‘naﬁ .9 ﬂ'J'IIJI.HNLI‘JQﬂﬁgllﬂﬂ'llﬂﬂ'lﬁﬂ‘lj'izﬂﬂ'ﬂ CS 25-8

faetd Impact strength (k.l’/ml)
CS 25 CS 25-18 CS 25-28 CS 25-3S
1 4.11 4.79 4.42 4.32
2 4.05 5.15 4.64 4.14
3 3.38 4.81 4.45 4.56
4 3.56 5.10 4.30 4.10
5 3.43 4.93 4.60 4.04
6 3.42 4.72 4.43 4.39
7 3.52 4.87 452 4.21
8 3.38 5.06 4.28 4.68
9 3.46 4.74 4.57 4.82
10 3.53 4.89 4.69 4.19
Aundy 3.58 4.90 4.49 4.34
11 STDEV 0.26 0.15 0.13 0.26
197 2.10 anuuilaussfsvesiaguszney €S 25-8
e Tensile strength (MPa)
CS 25 CS 25-18 CS 25-28 CS 25-3S
1 13.35 17.82 18.57 14.90
2 14.71 17.32 18.62 16.04
3 14.32 18.82 17.06 16.53
4 14.93 19.95 17.20 15.81
5 15.67 19.03 16.35 16.94
Aunde 14.59 18.58 17.56 16.04
1 STDEV 0.85 1.03 0.99 0.77
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M1319% .11 wegdnausRvesianlssney CS 25-S

0814 Young's modulus (MPa)
CS 25 CS 25-18 CS 25-28 CS 25-38
1 365.45 509.37 401.65 420.24
2 395.67 561.40 474.42 448.92
3 389.80 520.10 442.76 402.80
4 380.92 562.63 411.10 426.39
5 343.50 547.18 436.90 399.58
Auniy 375.06 540.14 433.36 419.58
fi1 STDEV 21.00 24.26 28.67 19.93
ﬂTTN‘?; .12 ﬂ')?ﬂli%ﬁﬂﬂ'\lﬂ%’?ﬁﬂﬂixﬂﬂﬂ CS 25-S
ﬁ?BtiN Hardness
CS 25 CS 25:1S CS 25-28 CS 25-38
1 53 54 56 54
2 52 58 54 50
3 54 58 51 53
4 56 58 53 51
5 51 55 55 56
6 49 57 54 55
7 50 55 52 52
8 54 56 53 51
9 55 54 57 53
10 52 53 56 56
Anae 52.6 55.80 54.10 53.10
1 STDEV 2.22 1.87 1.91 2.13
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M397 .13 ANULTIAIUes HDPE ugnT fivudy HDPE fidivensgaau laau

y »
NS 2% lamimin

faeea Tensile strength {(MPa)
HDPE HDPE + 2% Silane
1 21.02 19.32
2 21.84 19.15
3 20.61 18.68
4 21.07 20.29
5 22.67 18.98
6 22.49 19.44
7 20.47 18.43
8 21.53 19.49
Anae 21.46 19.22
11 STDEV 0.82 0.56

m3197 214 Sawegddves HDPE u3gn3 tousy HDPE fudinasgaiy laau

45 g &
Faa 2% lamimin

A0 Young's modulus {MPa)
HDPE HDPE + 2% Silane
1 329.44 304.22
2 397.12 123.40
3 341.97 186.83
4 342.45 208.87
5 246.81 274.70
6 296.80 181.62
7 338.95 257.70
8 308.50 186.63
AunaD 325.25 215.50
f11 STDEV 43.40 59.14
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a1a1ed 2,15 nlefidudmsfada u gavIwues HDPE USqNT 1Hvuiy HDPE MiAN

] L4
An ImauiitSuin 29 Tasimin

MIBE1a % Elongation at berak
HDPE HDPE + 2% Silane

1 155.63 141.84
2 163.25 126.40
3 149.80 133.65
4 151.46 145.13
5 168.31 120.78
6 142.90 138.30
7 167.18 129.52
8 154.35 137.64

Aunae 156.61 134.15

f11 STDEV 8.94 8.19
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MANUIN Y

A1 pH ¥p3m15aza e SBF nauyiaqilszney CaSiO, /HDPE

1Az CaSiO,-S/HDPE



M1519% ¥.1 A1 pH U99EN582AW SBF HawyIngUszney CaSiO/HDPE

grnandu 1 pH vea¥aqiszney CaSiO/HDPE fisnsdaumeg (viv)
fiuy
CS o CS 15 CS 20 CS25 CS 30
0 7.40 7.40 7.40 7.40 7.40
7 7.41 7.64 7.68 7.68 7.71
14 7.43 7.70 7.73 7.76 7.78
21 7.40 7.75 7.76 7.79 7.79
28 7.45 7.72 7.73 7.74 7.73
35 7.42 7.69 7.71 7.72 7.74
42 7.41 7.64 7.68 7.67 7.70
49 7.43 7.63 7.66 7.68 7.68
3197 1.2 A1 pH Year130z10 SBF NAWaTaq1l5neu CaSio, - S/HDPE
SnnuSuiiny 71 pH
CS25 CS 25-18 CS 25-28 CS 25-38

0 7.40 7.40 7.40 7.40

7 7.68 7.58 7.56 7.53

14 7.76 7.64 7.62 7.61

21 7.79 7.68 7.65 7.63

28 7.74 7.70 7.66 7.65

35 7.72 7.67 7.60 7.58

42 7.67 7.62 7.58 7.57

49 7.68 7.63 7.56 7.57
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HNANHIN B

P1INSTIBAIVIBINANN] NINALA SEM-EDS
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(a) (b) (c) (d)

31 %1 MInsEnuiessIga1eg veeagilssney Cs 30 Avimsuslumisazots SBF

T 0-49 51 () 0 Fu (b) 7 Fu (6) 14 S uae (d) 21 Su



147

(e) (f) (2) (h)

31 #.1 (AD) MINTTNAIVBITINAINY vaeTariszneu CS 30 Mimsusluaisazat SBF

Whunan 0-49 $u (e) 28 Tu () 35 3u (g) 42 Fu waz (h) 49 S
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