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Abstract

Silicon nitride ceramic is an excellent material that has high strength, hardness,
toughness, and bio-inertness. These properties are interested to apply for dental core material
preparation. In this research, white silicon nitride ceramic was prepared from a mixture of
alpha silicon nitride 89 % wt with sintering aid at a weight ratio of silica : magnesia : yttria as
3:3:5, respectively. The mixture was ball milled for 24 h using ethanol as a medium and
added 1 %wt of polyvinyl butyral as a binder. After drying, the mixed powder was formed by
hydraulic pressing and binder burnout at 600 °C in air. Specimens were pre-sintered at 1450
°C for 2 h in nitrogen atmosphere for the suitable hardness before machining to be an
artificial dental core shape. The specimens were then sintered again at 1650 °C for 2 h in
nitrogen atmosphere. Firing shrinkage was 19.9% which closed to a popular commercial
zirconia block for dental materials. The sintered silicon nitride specimens represented the
synthetic dental core were paintbrush coated by a veneer paste composed of borosilicate
glass powder (<150 micrometer, Pyrex) with 5 %wt of zirconia powder (3 %wt Y,0; - partial
stabilized zirconia) and 30 %wt of polyvinyl alcohol (5 %wt solution). After coating the veneer
on the silicon nitride specimens, the firing was performed in electric tube furnace between
1000-1200 °C. The specimens fired at 1100 'C for 15 min consisting small amount of
cristobalite which is the effect of zirconia addition. The veneered specimens show good
bonding, smooth and glossy without defect and crazing. The veneer has thermal expansion
coefficient as 3.98x10-6 oC'1, rather white and semi opaque, the Vickers hardness as 4.0 GPa

which is closely to the human teeth.

Keywords : Silicon nitride ceramic, crown, veneer, dental materials
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(M)

ab and cd layer which are alternated  Position of Si atoms above the base

inthe stacking sequence of a- Si;N,  of the unit cell in a- Si;N,

sun 2.3 (n) anwozlaTIg I INANLUL ABCD (1.) las9a319 ABCD wuu 3 J@wad O - SisN,
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ab layer which is repeated in the

abab stacking sequence of B- Si;N,

/layera o ¥
Layerb o A

N

Position of §i atoms above the base

of the unit cell in - Si;N,

31 2.4 (n.) anwalasgINENLUY AB (2.) lns9asny AB uuy 3 8duad P - SisN,

t:l wa aa ] 3 =3
A9 2.1 FUTANIINLANVAITRIA D 1b 16 3a Lsldaz laTIRIIINED

Crystal form
Property
o - Si,N, B -siN, c-Si,N,
Space group P6s/m No. 176 P31c No. 159 Fd3m No. 227
hexagonal hexagonal isometric
Lattice parameter
a (nm) 0.7604 0.7765 0.7741
¢ (nm) 0.2907 0.5622
PDF Number 33 - 1160 74 - 0554 51 - 1334
Density (g/cm3) 3.200 3.174 3.750 - 3.930
Hardness (GPa) (100) plane : 21.0 (110) plane : 22.5 20-43
(001) plane : 13.3 (001) plane : 22.0 HV 0.001

HV 0.025

HV 0.300
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aid sintering {surfacel ceoling - glassy phase
{Le. Mgd) hot -pressing —|iquid
magnessum-

silicates

31 2.6 nalnmadoundaslassaiandnanueanddaenlulasdiduiadinon-

Tulasdumeiuniin
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212 gIUAlasN?lUvasTRaaW b baTe
Aaa 6 & 1 & dl 6 [ €J
Gﬁaﬂau"l,u"l,@lsmﬂumsﬂs:ﬂauammm‘nwguﬁmmmmLﬂﬁzmuwﬂ@ﬂ
ATTUIRAINILATNUANAIING 109 1NecaauTRaanLaz llaTiaudaudanuwaly
o & A = 2 o vaa & VN A Aa '
WA UANTANULTILTININ 9V AT Raau L aTa NN ANIILTINANANINLT
> a Q{ L= U
ANNUTIUTIF mmwumumammﬁﬂmauqa LATRUUIERNTNTVLNAINIIANNUTOW
é1 udu aaan9n 2.2[12] wenaniidaaewlulasalantfanuidnuldniedinin

P a A A A ] a A A A o
LLQZVLNLﬂ@WH@aLuaLﬂaluiqﬂﬂqﬂ LLﬂzNﬂqqﬁJLﬂﬂUV]']\?LﬂNfﬁGaﬂ@']El

P wa g an 6
MN179N 2.2 RUUAGNNN 9 maaaa@%mﬂﬂm@

aniianadginsananlnlase

ANUANIINIYAIN

- ANURWILUL (g/cm3) 3.20

- ANULTILTIAA (MPa) 400 - 950
- YoqaRDANE® (GPa) 300 - 330
- dangnidzes (W) 0.24

- AuLdeszauaana (Vickers, MPa) 1600 — 2200
- ANNUTNUADNIWANED (K, MPa-m ) 3.40 -8.20
- gannin1IlEugega (°C) 1000

- gumnimIaaEal (°C) 1900
ANTANIANNTON

- MIUANNTDU (W/m-K) 15 - 50

- fulsEAnIMIVBNdImMInnuean (x10° /°C) 2.90 — 3.60
- A1NYANNIAN (C, , JimolK) 0.70929
ananie el

- fanumumulni (Q-cm) 1%x10"

213 MIENUNNABEN g vadNAndaaawluwlasa
Fanaululasdiluwisqaninifiaudfuazansuzianizdusg naolsens anf
LT ANLTILTIEI anuudigs esdalJATenall nunudanisianian MIdnne
P a a @ v & & o Aa @ \ Y
wazmafssulasgunpiilasidouniuldd aduisghiinsldnuedniniiwnslas
DWIRNUNNAIWIAINTIN 93U 2.7 uaz 2.8[11] AaLTw
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1. NUNINUANNIBUFI (Thermal resistance)
- glow plugs
- swirl chambers
- turbocharger rotors
- exhaust valves
- valve spring retainers
- bucket tappet
2. MUNINUMUABNTINNIOULAZNANIEW (Wear and abrasive resistance)
- roller
- ball bearings
- oil drilling
- vacuum pumps
- sterilizable and unlubricated dental drills
3. MBMINBNMUADNIIUANHN (Toughness)
- cutting tool
4, @Tmmiﬂummiamﬂﬂ?iwuﬂaaqm%{}m@mﬁﬂuwé‘uuazmmLLﬁaLmﬁ
qmﬁﬂuﬁgd (Thermal shock resistance and strength at high temperature)

- kiln furniture

U7 2.7 dragiaUTinhandaaeunlulasa
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31l 2.8 08 9EIRLTTNOLVAILATAIIUANYININTIADN L1k LA T

wananitganaulnlasdisdauiaanudiuwldnisiinweazantiansniu
FATLIUIFQNIITINN SWLAEIT0INTLAMUNUNIRADNTUANFNTLARZEY AW
LIsusILEInaLazANULEDEITNLATEY é’afu%aﬁmaﬁﬂﬂﬂi:ﬂqn@ﬂﬂﬁammaﬁm
AaunIsunIzgnizu nazanazlwnifisy (Hip Prosthesis) uLazlasaiaian (Knee joint) 1iu

A é’dgﬂﬁ 2.9 a2 2.10[13] ANE1AU

317 2.9 ﬂiz@ﬂaxiwnLﬁ UNTRATRADU L LATA
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gﬂﬁ 2.10 mz@ﬂaﬂwmﬁﬂmm:ﬁa@iaﬁa W27

mmuﬂﬁ]ﬁ;ﬁ'uﬁﬁ'ﬂ&iwmwymumﬂfnmi’a@%ﬂaﬂﬂm&ﬂmmﬁmﬁmmm
usat9le E'E?am@qlwm&é’ﬂu’muﬂmwsn:ﬁmsmaaﬁauwawaai’a@ﬁuﬁvl,;\imm:ﬁa:
o % ﬁ' 5 a aa < AaA U AKX A o
YRPUIL srmaeg'l,sni’mﬂsmﬂaﬂu"me“[mmM%umm LY AUDIFE

a g A Aaa '3
22 NIHAABWIRLTIIRANTAAaW Ik laIA
aa a an [ = [ 1 & &” 1
nitmuaisudineululasddnisdauisesnidunasdszinn Juagiuaina
1 =) { é { 1 a v 1
waNALaI TRl UM TRin SoluAduuseandu 8 55 lawn[12]
221 maAeawnszl]n3en (Reaction-Bonded Silicon Nitride : RBSN)
NN TRAAWIWLATA LauATHININNU AN ERAWNINIBNTSLIUAT
Nitridation figaennddszanm 1420 asaiaalfos Lﬁﬂ‘lﬁLﬁ@i’ﬁ@ﬁﬁﬂauvLuvlmﬁ 35mh
whivldiianivess wdlTadasfananuudIunsidn Lﬁaaﬁnﬂﬁgwgugmazmm
AL UG
222 MIMuII8avzITau (Hot Pressed Silicon Nitride : HPSN)
A Aaa adgal o an 6 g s 1
AT NTRAD 1 1O3A LasATHITNINNUNNITRAW b b TR NENN LA T8 13N T
meﬁﬂu,fei”’schuni:mumsé’aw%auﬁ'umﬂﬁmwmﬁ”auﬁqmﬁgﬁﬂs:mm 1700 8¢

%

a ' o 1 a A v Aa o aa ea A
LURLDEY LRSI uvl,m’m'n 30 LUNSWIRAR LWal%Lﬂ@’Jﬁ@]‘ﬁﬂﬂauvluvl,(ﬂ‘i@]ﬂ&lﬂ’ﬂu

a o A a 3

mada . x 2 - . & N
wnuiugs I5iddeddade lumunnlugdiunundudaunazinaisazanng 1 uaz
AN THE
9 U
223 MIEIKEN (Sintered Silicon Nitride : SSN)
= aa (Adgﬁl o aa 6 > > 1

MIasoNTanawlunlasaisnisuaninedanan lnlasanaunuaitialwnisian
HinuRHUNTzUIRMIRENNg A iUz 1750 asriaaiBaaluurssmeaiies
Tulasiauil 1 ussonma 13an35H30 Pressureless Sintering WaaLENEHNlUUTIENNN

fMalulasianunnnin 1 UITeNMa i38nI1 Gas Pressure Sintering Tafva433ide
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£ a Ao o ° & o A o o A
AT TUNUATUTaUUAZYINATINZIN g Vl,é’lmm’munumaumam LANNIINA
é’amaa%umwé’umﬁauﬁwga
224 MIWIRENTINNUNM AWKz UAT81 (Sintered  Reaction-Bonded
Silicon Nitride : SRBSN)
A aa Enddyal o an % % N =1
NILeIuNTaAaw W laTaITHiSNANIN lansBanawnaunua1 I wa1TININTN
LAWIBNTZLIWANT Nitridation ﬁqm%gﬁﬂs:mm 1420 adeLTalTaR LNalwAaTanaw
6 o = dl a d‘ v Aa aa 6 ]
T lasanasyinnItNINGNN 1750 adeiaaldas L1NalWLAATRAa b LATAAITNALI LI

v
adA

G Rzl T U uNININaaIAawtNItaY LaTasINauaIITRhAe ﬂﬁu‘i%'msmuqumi
° o 2 Aa o o I3 [
L EMSUTWIN BRI TN uTuTawdw il laan
225 mﬂﬁmaé’um'}w%faun‘ﬂﬁﬂma (Hot Isostatically Pressed Silicon Nitride
. HIPSN)
a aa €Qddyal o Aaa 6 L s 1
ANILATUNTRADN b LATAI DIHININNUINITRADU L LaTANFNA LA T8 TN ITLNN
NﬁﬂLLﬁamum:mumsﬁmﬁUﬂawu§aunnﬁﬁwwaLﬁ@IﬁLﬁ@i’&@ﬁﬁﬂau"Luvlm@T W63l
U = =1 =1
PYDLRYAD Lmﬂsgamﬂmuwa
2.2.6 mﬂﬁmé’umwu%aunnﬁﬂmaLLazLﬁmﬁuﬁ:ﬂﬁﬁ%m (Hot Isostatically
Pressed Reaction-Bonded Silicon Nitride : HIPRBSN)
= aa (nddq/cal o an % a N =1
NNILeIuuTaAaw W laTaITHiSNANIN laneSanawnaunuaIalwn1sININTN
LRIHIWNIZUIWNT Nitridation LLﬁaﬁwmia‘"@ﬁaﬂmw%’aunnﬁﬁma Lﬁ'alﬁlﬁ@i’a@]
FaAW- 11 16136 HadAe i'aqﬁvlﬁﬁmwmmLmugmazmé’w‘h uedunug
227 mawednuazliisssuanuiaunniianis (Hot Isostatically Pressed
Sintered Silicon Nitride : HIPSSN)
a an 6 v nda‘lya. o Aan 6 > ™ 1
NMILGTUNTRAAU LU 1O TR A8 TTHITUINNUINITAA W L TR N auNUAI T8 11N
LN mnﬁfumﬁm’mmNﬁml,azé’@@hUﬂam%”aunﬂﬁﬂma Lﬁaiﬁl,ﬁmi’a@;%ﬁﬂauvlu
6 aal dq’u d' vl % KX A U
a6 aﬁma@;wvlﬂumsmmmﬂLLazn’anwuﬂuml"mmqa
228 nnlkussduanuieunniianiy inniinuaziiawuszd jisen (Hot
Isostatically Pressed Sintered Reaction-Bonded Silicon Nitride
HIPSRBSN)
= ana (Adgnal o an % a 1 =
nILeIuuTanawlwlasadsnisuanin lansSanawnaunua1 s lwn1sininiin
WAIHIWAITZUIWNNS Nitridation  LHRTEN LLﬂ:é’@@i’wmm%’aunﬂﬁﬂma Lﬁﬂiﬁlﬁ@’?ﬁ@]‘
FaA0U- 1141076 LI THNTalFA ﬂiiuﬁ’ﬁ'sﬁ'usﬁauNWﬂLLazﬁuﬂuga
ANNITNITTAUWNLUINNTNEALLY Sintered Silicon Nitride (SSN) L&A
P NRAL N LT I UN19NITAT LAz ININTWIFLNHIBIINLIIRINITDLATUNTIA D b1b kAR

Iﬁﬁﬂmuﬁmuﬂugdﬁw%% Sintered Silicon Nitride UL Pressureless Sintering lagld
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qm%gﬁmﬂmwﬁﬂﬁauﬁﬁw‘hﬁa HNNILANDAN MAUDIBANTIN LNNTLTUY LAzTaAD
g Aaa
JG A IRRDN Gl

v aa
23 umualidang
U Aaa .- d' o =< a v Jdd‘ v
widualsdawne (Borosilicate glass) Naulahandnsnluinuidpilizansnnsd
31 lwisnd (Pyrex) dlunidnlean loduasdaneunazlusautduasdlsznounan lasd
nadvueanlat (Alkaline) USanadnidasitu lmduuaanlad (Na,0) HalTuy
A U ‘3/ v aa 1 e =) ﬁr s v { OI
auUad199 1Rau uivalsdanaiimandssdntnsssaineanusenidife (3.20-
6 ° v
3.30)x10° @aaseimalfas (MuN1AIgIh ASTM E438-92 R0O1) vilwidianununn
' A a a Y \ A A A A o o A o
danalfsuudasgmnnilasifounanaglunasindannidafisuiuuiundnaly uaz
nudanInansawsedaiaiiangg laa4]  Felnmshanldanunais g auou nszan
2a3i010U nyzanatauWsaoud wardninasi15] Wudu

A13197 2.3 aNUad19 9 vasuiiualidaing

a9 9 2asunualsBalneg

ANAWILUL (g/ cm) 2.23-224
39aU8dan (Annealing point, °C) 560
90WABNe1 (Softening point, °C) 815 - 820
AMuLdLuLinines (H, , GPa) 5.40 £0.10
AMNNWBNUADNITUANAN (K MPa-m”Z) 0.76 £ 0.01
VoAU (E, GPa) 63
NaqaFLdan (G, GPa) 26
VoQaALTIUIINGT (K, GPa) 35
aaFIUIRTDI (L) 0.20
AauLIT AN MIVEN IR IMIANNToU (x10° /°C) 3.20 - 3.30
ANNNIEIAMNTEU (W/ m-K)[16] 1.05
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6 & s A a £ Aa 6 [ a A Aa .
ﬂaimamﬂu’m@;Lﬁlmuﬂmuwmmamﬂizﬂaumﬂ 3 viafa @wv12 (Kaolin)
lé I =) aa
Al8NTG (Quartz) wastWaaal3 (Feldspar) mLwaﬁaﬂﬁﬁaaﬁﬂs:ﬂamﬂuazgﬂummm
209l omasn (Nay0.AL,05.6Si0,)  waslwunaday (K,0.A1,0,5.6Si0,)  tHaun luiwh
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A < wn I ' o £ L &
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d' = o U U 1 1 d' [ s a & £% 6
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a ! A &
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s A A v a

wWaamhilaud@dayae Wegnrasuudiaagmn)iadunfiyszans 800-1100
a a =2 = & . L A A, o a £ o
aammeeﬁma:m@mmﬂwaﬂmaawaﬂgvlsm (Leucite) Tt TINAIFUUIRNINTVLI8A2
o A A -6 ' = Y & e 1 @ a £
naanuTauiigeda 31x10°  gdeasmiaaidos  ududnWadaildqulszansng
o [ -6 ' ' v @ a £ £
PLYAINIANMUTAUINGS 10x10° GaaIAILTALTIR  AINA IRANFNUITZANTNITULI8A7
o & a & 9 o & = =< o
mamwmaumaaﬂasemaw,wugwuvlﬂm5[17] muuﬁmmsmuqummﬂwaﬂmaagvl,eﬁ@ﬂ%
A a R o & @ & Aa '
JUSuoMRNNZaN Mackert  wazamz[3]  baAnm1aaTIMTEuaIveIlasmanninade
ﬂ‘%mmwﬁng%ﬁ Taoutadu 2 5308 nsvihlwidudlasatienaisilaginaanain
W@LENWANUN I LB ua2a90e1971 9 lutamnlasnistaian wudndsuuumsyinle
LUAIBIDE19T 9 ﬁﬂ%mmwﬁﬂg}vl,enﬁmﬂﬂ’jﬁ%uuumiﬁﬂﬁlﬁué’aaaashaﬁm%a
1a9ann T ualadatd19sIatsnwin lwui ludaniganalwniIaasusavad
Tas9g$19 fsiaNﬂlﬁﬂ‘%mmmmﬂwﬁﬂmaag‘lmﬁa@ﬁaﬂaavl,éT BANINNBIIUNTNAULAL
UTudypsuiadiuang lasawiznisduanuudius www maduninazgluiasidlu
& & W o o & A o a a £ L & P
dasaoaw tUuen mimlasmauﬂlﬁ‘lum\mmmmwmU“ﬁu@muagﬂuaaﬂﬂszﬂawn
uanensaannwll aadi4,5,18]
2.4.1 a:gﬁﬁaﬂaﬁ‘mau (Aluminous porcelain)
Aa o 6 Y 6 a 6 a =3 a
azguuaﬂaimau%wwmmmm%la(ﬂaﬂwmﬂasmmﬂmmsmwana:gwum
USunmwiauaz 40 - 50  lagiiiniin L'ﬂ'alﬁwﬁﬂmaaazﬁﬁmﬂszﬁnﬂﬂﬁaLm‘%ﬂsfuﬁa
Lﬁaamﬂa:gﬁmﬁawﬁamﬂwumu@iamﬂmﬂﬁ'ﬂLLa:maqé'aﬁﬂmjuga ﬁﬂﬁa:gﬁf{aﬂa%
= ' & A ' = o &
mauﬁmwLmujaLLazmmﬁwqumnmu FINANANULTILTINANINTWINN 100 LUNZ
WIFAS D% 130 LUNZWIRAR a:gﬁﬁfaﬂﬁmauﬁﬁ@ﬁﬂm McLean LacA e 1l
a.a.1965 LiundasmanriausnininanlfiduwunuwsainsouWuiaununshtinasaailn
a & & @ A A i = o A o o o P
mﬂﬂaimamﬂma@maaumﬂu agslsiaugeiiymidunmsuaninglede 1iasann

anaudansigsluineswalumsin U lndwnnuis
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242 'lana¥ (Dicor)
6 a a A A v aa 6 . I
larasillunassninsfianiandsznaudiadananaanlos (Si0,) Iwunaubey
aanlad (K,0) uwwnilifuuaaniad (Mgo) uazazpiiifiusanlad (ALO;)  uazdl
a =3 v a J £ a 1 a
waslatfianaanlaa (2ro,) ludSumidnias msm%mwugﬂmm%mimma@pﬂu
winldSelaudeinunszuInnITuInae (Ceramming) Lﬁamquqmﬁgmﬁlﬁ@ﬁamﬁﬂa
' o aAn A e . & a [
waznaandundn me:mmanaaiﬂwm (Tetrasilisic fluoromica) JwluiSunmSasas
a 6 v d! =3 dyo v d' . a 6 v o v v A
55 Ya4LUNINTUAT TINANRINnINAlun1Uszan (interlock) lutun3nguna vinlwumi
» . . &
AT ILTILR AN TS ILRININUY
2.4.3 BuTUIN (In-ceram)
a = v o a o 6 a Aa a d' ‘3/ d'
awml,swvl,@wwmmmﬂa:gmumJaimaulﬂﬂmsmwa:gwmluﬂ‘smmwgmmwa
nANNLTILTIrasnTauwiey Budusuliasdlsznaudman 2 diuda azgliwilazian
a 6 U a = a a % Z’ L s g; a A AKX A
AT I@Umaﬂa:gumﬂimmiaya: 80 - 85 laginntin  aInwanduLINIITANN
LLﬁomerm'ha:gﬁﬁfaﬂa%sm,au
244 lafiamaunia (IPS-Empress)
P & & PN A A o & A & A
"La‘wLamaustmﬂuﬂaiémawmwmwﬂiuﬂ‘gammﬂLW@@ammﬂﬂasmau Taoi
=3 6 & Qs 1 =Y = U 6 =4 = A 1 [ =4
wang"l,emLﬂummmammmLLmLLiﬂ%ﬂuﬂaimau LANTBLFUAD RINAGANITINVAING
ad = ' ' = o A A PN & oA v A o '
ﬁsm"mmmmuﬂu@au azm"l,iﬂmma@;maaumﬁumu@ﬂasmaﬂ@uumammﬂmu
ﬁ'@umLLazﬂ%'uﬂﬁ;oauﬂ'amaam@imﬁaﬁaﬁﬂﬁﬁi’a@;mﬁauﬁaﬂuﬂmwﬁﬂimﬁ'mmu
FONNINIIAN
[[57°N (% % g; 2 a o 6 d' v U
auummama@mu@ﬂsmummawmmmmzamuﬁumgm iwalwziunynld
NulugasdnldagrsUssdntain Jelnms@nmauifdng g Lﬂ%&lﬂLﬁUﬁJﬁUﬂ%&ll{:Hg
na1fa Park, S. uazamz[19] lavimsfinsiTeuiisusui@manasesiagriuaniy
PN ' o & ' = & o o A A o @ A
THAAN 9 ﬂuﬂuwygm L A1A0UDY LT uAW A9A1319N 2.4[19]  uRsRIFIAYEN
Usensniandaddnitenefa auﬂ'@mwmiﬁﬁ’uvlﬁﬁ'uﬁuuguﬁ VI NSRRI NTEW LT

b INT197 2.5[20]
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P = a wa £ o ) a1
199N 2.4 ﬂ'l‘il,ﬂiil‘umEI‘I_IEIN‘]J@WI’I\‘]ﬂa“llE)\‘]W%&l‘lrgflsmﬂﬂ'aﬂ@!‘ﬂ%@m‘ﬁ&l‘?j%ﬂm’ld 9

V40 ANAALDY NaNAH ANNUNT
wupininas | Baudw (GPa) | damsuanin
(GPa) (MPa'm"’)
LAROURINY (Enamel) 35 85.5 0.8
naaaninaiadnanlum 3.1 64.4 1.3
(Micaceous glass ceramic)
waadath@ndaioian 5.7 67.8 1.1
wwaslaliie 13.9 210 4.9
LLfﬁ”ﬁﬁLLmn%wﬁmwﬁﬂa:gﬁm 11.7 250 3.1
(Glass-infused alumina)
NRRLTIAN 5.5 104 2.8
@13197 2.5 MsSsufiausatiaas o vasiwansdiulasaan
gL adnlsz’ng AINTIUN AMNUDINT AT
MIVIBAMN | ANNTON A9 (MPa) L3990 (MPa)
AN5aW (CTE) (W/m-K)
(20-30 °C)
x10" /°C
Wy 10-15
(Human teeth)
- 1RaURINY 0.921 10 400
(Enamel)
~ o 0.628 08 297
(Dentine)
Uoiwian 13.5 1.047 40 150
(Porcelain)
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25  maslaie
waslafle  (2r0,) uimquaniindszinnean’ad (oxide) FUTanmaunus
(stoichiometry) 1w 1:2 uazlilwdnasw (Polymorph) 3 wuufa @aia (Cubic) sy
Inuaa (Tetragonal) uazluluadfin (Monoclinic) T,@ﬂﬁqmﬂgﬁﬁawuﬁ@LWaIquﬂﬁﬁﬂﬁ
Lﬁﬁﬂ?ﬂ%ﬂitﬁdﬁdg%%{]ﬁ 1170 asraaidos andfvmdunasaaszlnds uazilald
mm%”amﬁu%uwﬁaqnmgﬁ 2370 aseaaidus anfowdunadate uazanefiifn
89 AANTVENBAUTIUTNNAT (Volume expansion) Uszunmh 3-5 tasidud vinl#iia
anuduluiagainaliiinvasuanle
MaANRITUTIANLAATaNaan @ (Ca0) unnfiFavaantod (MgO) #3e
sewnsouann’lo (v,0,) luUsSunafimanzanas ) lwaosladly vldldmoslafians
LWﬁL@I@liz-Iﬂuaaa%Ijluﬁﬂ’]’szﬁidmﬁUSLLﬂzW%ﬂ&Iﬁﬁ]uﬂﬁﬂ%LWﬁLﬂ%LNﬁINIuﬂaﬁﬂﬁuﬁLfia
Fu3I0INTERNMAEINe 921AaN13V8186LFIUS NI ATUAZLAAAINNLABLU LS
(Compressive stress) TuuSinisaus Usnosasuan sanwwasouiazldineliifases
wannszangluriasdasiidrannnitenuduiuuse sadwnaialumaisananiie
6 Gagud 2.11[21]

process zone

transforming

untransformed  transformed particle

particle particle

31l 2.11 MWINaaINa InMItuaNNLIRRgIIaTas AL
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waslafiaimahandszgndnislfnunais g duswdsinudinenlulasd
EUINUNIUIAINTIN oA TuaInluiradiBalnds (fuel cell) Jaaa (cutting tool) 1w
A LLa:ﬁﬁuwwa%anﬁwiuiﬂonwﬂmguﬁ laun ﬂi:@ﬂa:IWﬂLﬁﬂw Aadariean tduan
uaﬂmﬂﬁwnaﬂﬂLﬁyﬁmiﬁ,’lwﬂfmmﬂui'a@;ﬁ'ummwﬁa \aslaiariadainseae
. . . £
mz‘[nuaamaﬂmﬁwwwﬁﬂ (Yttria - Tetragonal Zirconia Polycrystal, Y-TZP) FINAaE
A a A v o \ . & & . AA
TRalasiTHNAINTANIINTAN AIDE9LTU LTaTAaY (Cercon) Lawlwas (Denzir) WazaD
wrasaan (DC-Zircon) tJudn 89013197 2.6[22] ag19bsnaudseuii luaane
o Aa & A A LA o o ° ) A
uaaaNntaNNTRITaslatio ey liigdasnialasizilea anavinlwaunsaiianine
d' qzd' Ac: = & L) s % a
Laauammvl,@ﬂqm%gum Jndudainalumsitnuvassaslaiioe]

A19191 2.6 A20819LBD35LALREN 1T IR TN BANTINTRAAN )

Thermal expansion Weight content (oxygen

Material Manufacturer coefficient (ppm/°C) was a balance)
2 | White Cercon base Degudent GmbH, 105 Zirconium 52% 0 53%; oxygen 26% to 34%;
g Yellow Cercon base Hanau-Wolfgang, Germany 105 yttrium 5% 10 7%; hafnium 3% to 5%;
E White Lava 3M ESPE, AG, Germany 10.0 trace elements alumina, silica, and
-"6‘ Yellow Lava 10.0 sodium 0.8% to 1.63%; coloring
§ Procera zirconia Nobel Biocare AB, Goteborg, 10.4 pigments for shaded frameworks:
E Swedsn iron 0.2% to 1.6%, magnesium 0.2% to 0.4%,
i traces of erbium 66, cerium, and
E praseodymium
ﬁ

Nobel Rondo zirconia Nobel Biocare AB, Goteborg, 93 Fine-grained homogeneous
8 dentine Sweden feldspathic porcelain for
g layering technique
3 Nobel Rondo zirconia Nobel Biocare AB, Goteborg, 93 Fine-grained homogeneous feldspathic
8 base liner Sweden porcelain
§ Cercon Ceram Express Degudent GmbH, 10.5 Glass ceramic for pressing technique

Cercon Ceram Express Hanau-Wolfgang, Germany 105 Feldspathic porcelain

liner

mﬂamﬁaLLa:mTa%lai’a@;ﬁummimﬁ@ﬂas"‘émaml,awﬁaﬂﬂLﬁﬂﬁﬂdnmﬁnﬁuﬁfu
AI o s = 1 cSI =) a A A £ a - o
fadandnaganislunisieiouasaunuiiisufa msl,aaﬂlmumaamqwu@mm
o a a s A a aid o dl' U a dld
mmmaqumuﬂuuamaqLﬂaaummmmmmzauﬂu ialslansauWninyung

1 =1 v Qs & =)

AMURILY AN LUTILES LLa:m’mLLmaLLsalﬂaLﬁﬂaﬂuﬁuwﬂﬁ FIUNATA IUNTLATLY
AToUNUANTRRNRABLLUMIBNY aNALTU MITATBINEI8ALUNG (milling machine)

& : . ) & v
WazNIIUIUNABUUY (slip casting) Lluan
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26  INARANIILATHNATDUN BN INAIULATDINAID A LA G
261 FAILNLYIUSanLmaslaLie
A %% % d' Y o s o & >3 .:3’ & 1 d' d' A <
mena@;ﬂumﬂﬁm‘l“nmmumLﬂutmuﬁumamugﬂtﬂmmaamaﬂummm
& s A o . A oA = s £
naN MNUWAMTEIRNDa9duAan (Pre-sinter) tialidanuudsusinalunmsndsdin

sUsmTuduununnnen éﬁgﬂﬁ 2.12[23]

317 2.12 urisudanizasladioniialad
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2.6.2 ﬂ’]‘mawugﬂmauﬁumﬂu

ihufenaslafiodiatantdalud@inarinsnfadugiu asgud 2.13[23]

; &
311 2.13 msnﬁwugmmuﬂmﬁ EY

2.6.3 NMIHIATAUNWNAEN
° A AV o \ < & ) A a a
PN WH LA LU LA NIHIWA TN KT PNUUNIFQARDUAINURIUURIVBIUNY
{ U o =Y g: té U e {
WutaSonlauazitniTinnttafoudnasani azldataunNuifayaanun mgﬂﬁ
2.14[23]

sUN 2.14 MIARBURINY

u
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27  massaasauiniisanlsn1siniivaauuul24]
271 WLLUIGITN
BuaiuuuaNaIg% (model  stone) anviuduudiniiiaRaWiduiu dagdf
2.15[24]

o .
31l 2.15 LNBUURATU B RUNATauW LA

272 &AROUTIONDAULL
A a Y A A . . . dl' ] 1
MastadauLnzia i dudusy (Vita In-ceram interspace varnish) LN831868
o ra 6 :/ a & wva
mMInansanlumIrusiiuisveudy laamydseanm 2-3  a39 [ARanunudszunm
45 lulasiwas asguf 2.16(24]

VITA In-Ceram

Dstanziach

Wiacagace Vari
lll!-'fll.j eEpacess
B ot
a3ca sagaciod

31l 2.16 RILAFAULINTRA LB WD
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2.7.3 M@SuNLNANNTAaSA LA (Polymerizing silicone)
naauNAuRT 1N lasltSR laud835n1Ina8a (Impression technique) W38

mannsauuuAad seliuduuwinm 30 wifl daguit 2.17[24]

317 217 uiRnWziiadalan

2.7.4  a3wldilunfa (Wetting agent)
damininlhidonfissvnudiaidalauniaionld asgui 2.18[24]

317 2.18 asmanlwidunin
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2.7.5 msesosndRnlanaaasoiialidndudusn (Vita In-ceram  Special

Plaster)

asndmkanlansaafoia i andusulasmsnauiuiings ludasdimuas
Ummaassialidaudusudoinnawyiniy 20 niude 4.6 1a35aT 9NEwiNmIvaa
Usmaossialiddudusuaslunifuidalon f9lT 2 $9lus udrdasnanaanasle

wiRaiUmaaeidugdunuiwiion dagi 2.19[24]

311 2.19 mshudAuidasaeiasauiwioy
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276 MIGTUNFIBNENUDILNWN LAY
L@TUNRIWKNEY Vita In-ceram Alumina/Zirconia WSunm 1 1iufasnnu Vita In-
. e A v a o A €
ceram Alumina additve 1 wo@ LN ML BLNUWWLALY HINITWANRILWLINUN

UmaaaiziialidBudusaiaionled di3un 2.20124]

311 2.20 MaaIBILNUN ALY

2.7.7 MIANLFAIATOUNULADY

o

o o A . a v o = Y a Aa
AnstananIeanuadlwionwadvi ldinnidnaz lannuiunouniansmy
3039 uazpan IndiAssnuiuass aagun 2.21[24]

311 2.21 mMIanudiasauNwNnN
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3111 2.21 (da) MIanusInTaLUWULNLY

278 msm’%wi’a@pﬂﬁauﬁa
L@%Uudmwawaﬁa@;Lﬂﬁauﬁwﬁm Vita In-ceram Alumina Glass Powder NN
N8% INBWNUBRILNBARALAS L TaUTzu s 1-2 039 1R laaurwT 1-2 TaRLNaT Lad

i ldienfafeu é’agﬂﬁ 2.22[24]

31l 2.22 m‘sm?}auﬁaﬁuﬁwi’aqmﬁauﬁwﬁ@ Vita In-ceram Alumina Glass

279 avuNwina
laasauWwnaundaugl89y wazanuldsanaslnatfasnuWnas @T\‘]Eﬂﬁ
2.23[24]

;sﬂﬁ 2.23 asaUNUNYY
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2.8  HAIIWIVYDNNLNYIVDY

2.8.1  HWRNWILLNLINUINWN NN WANTITY

Schmalz, G. uazame[1] laanwinisiiadfisonnuszninslansnaniilv
futlznavvadnsaunwinaunuthatdalutasdin wuiileaanvaslanzainlans ey
a o aaa s d%’ di 1 ) v v A 1 A
Wansvhydisenuiadelusesn dlranldurensdonmsunlansnauigu twian

Uaw wIalrlananiay (Hudu ezl 2.24 [1]

31Jﬁ 2.24 mmwﬁamwamaagﬂm

Schubert, H. wazAmue [25] beansnsiensasaadrasiaiislugniwimeday
Arw wudnAemalaswidasanninsiaaszlnia ldwwalaluadin tadsannaandian
wazlalasaufiaglutiiianmsuniidnldlu vacancy sites waz Interstitial site lulassass

a o s 1 3’ a%’| % =3 a a nql/

Yadiraslatitaaugiay ﬂﬂiLLWimaaIwLaqauwuaawa’L%"TmaawawaﬂmnﬁmLumvl,ﬂ

a v &/ [ =1 a v 1 = s v
wazanaiaaNudwLazsasuandwle Jeduwmlindnsesladisanafidynlunsldoa
¢l

282  wanwWIspApInuumMBinwlusmouyse

Mazzocchi, M. uwazame [26] laansanudulylalunsitanuvesdanenly
vlmﬁmaﬁmﬁasmmngﬂ TaaRa1son lwiTadUa9nTeUIBNITNE S 1ATIETI92aU
3ana audan1ana uszanudinulaneiinaw wodmsldaatislunisindn
(Sintering aid) fia wunilifouean’ad (Mgo) expfitiinaanlaod (ALO,) uazdainisa
28Nl wa (Y,05) tDuainkanlunszuiwnmInandanaululase s i lanfaauning
RN ANIINANALRNIZRIATUNIT LTI IR IBAFDITULTS NITLHaIa a2 128 11sn13LHN

=1 o aaa o AaAa a | . . 4:3/ 1 =3

witnazid §Asennudanuiedmnauasnad (Liquid phase) Anlusznitemsiniin
°15'3ﬂlﬁ”l,ﬁwﬁmﬁ'wﬁﬁﬁaLmﬁﬁmﬂwmuﬁug\‘] Ll,azﬁmwuﬁmmqa ag9lsnaulSum

YDIAIT sﬂumil,mwﬁnﬁaaﬁﬁadmﬁmmzau i’]&lﬁﬂﬂizﬂ’l%ﬂ’]iﬂ@LLGZﬂ’WiNﬁ&]ﬁ]Z@TE]\‘]
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° o a & A a o A ' ° o o
M lrarwnandanutduiita@ e wrIan1InNIza g et 9RILEND WTzTNwIna 1%
NI TENRIaRIBNEN I N1INIzaNe W rdtaNalwsIuNay anavinlwiAan1sinizaann
28483110 (Hard agglomerate) &4Walw ldnfaAmyiniianuiFoaniadnodanisuanin
LRO9N8'1a wanANNREINUINERAan- I lasasranIartIlunisinnin ligsnasdanis
AN lwm sl wlwineneanaay
wananit Mazzocchi, M. uazame [27] lednsisinuanuaansalunaden
R1 (Wettability) WazaMuL&igIAINn19aLai (Chemical stability) v8i8ananlulase o
& o o o Ao o & &K o ' A A [ A A = =
dutladuirepnaasdrianslunsldnwlusmnineanumaatenlniniamsdoaiaw
@99 1w Tadanaain 1udn lasautfvesmsilonfiiunaziinadan1inaadan nnsia
fanutitatBia wazn3iid§isonseninsvesudsuazaaanad woindaaaululasdd
= a v 1 a 6 2 ] a a
aurNrInlunsidenfialaaninnindszinnaan e laun GERRTS i aslatiie
o o = a v A v
LA HINAMNIRAITATNNIILAL LABNGY
Guedes e Silva, C.C. uazaue [28] ﬁmiﬁﬂmmuaﬂmaamz@mau6]
é’fiaﬂau-ﬁﬂmﬁ%ﬂﬁﬂui’a@mLmum:g}ﬂ I@ﬂlﬁj’mz@mﬁymﬁ@%ﬁﬂauvl,uvlmﬁﬂgﬂ
ﬁﬁﬂlu%hm@ﬂﬂmﬂ%nﬂ’] 8 FUaA wuiwm:@mﬁamminLﬁﬂmau6] URERIGEE!
%ﬁ@%ﬁﬂau-vl,uvl)m@“lﬁﬁLLaxmimmiﬁwuluﬁaam:gﬂmmmu’waﬂvlﬁiﬁngﬂslmiﬁ
J &j a d'd v & 1 AA 6 & o a d'd ¥ %
Immuuuuqmmwm LLa@ﬂv.mmwaﬂau"l,uvlmmﬂma@;l,sﬁsmﬂmmwmmﬂuvlmma
F1n1W uananik Chevalier, J. uazame [6] Hiwuiddneululasdiduizquaninni
MIAulav89Ta8LANTININLREE AN UL I8AINWLE (In-situ toughness) F90AY
A o ' o AN va A a o o A A A A & o oa
LanmmﬂmaasnLLa:ﬂumamsm@a"L@@mﬂLuamwﬂmaqmimﬂ‘*ﬁu@au AnNNIe9a

m3gadusuludwa Uik lan eI Wk e AlmaslalagsnsiTasnaunelszniy
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31 sseduaziagdviildlunisnaaas

i'mqaumﬂumswmaaﬁﬁwLLuﬂaam‘flu 3 mjuﬁa fmq@uﬁm%’ummami’a@;

naunuw (Dental Core) T8QLARAUAIWY (Veneering Materials) uazlanzaan|oddniy

v A o = Aa
msﬂmmama@;maaum

3.1.1

10QAUINIUNINAAUNUAL (Dental core)

- waanGanawlulasa (0-Si;N,, E-10, Ube Industries, Japan) §u11a
auma 0.8 lulasiuas

- FAN (SiO,, KE-P30, Nippon Shokubai, Japan)

- daun3e (Y503, Ru-P, Shin-Etsu Chemical, Japan)

- wunihiae (MgO, 500A, Ube Industries, Japan)

- wad hitadafisen (PVB, Wako Pure Chemical Industries, Japan)

- \.aBauaanagas (Ethy alcohol, purity>99.9%, Merch, Germany)

TdudMIUMINGAIRgLARURIN (Veneering Materials)

- uhualsBaine mumag,mmﬁ;mh 150 ‘luasau (7740 Borosilicate
glass, Pyrex)

- waslalavin et osunsaiudindanIadenas 3 (TZ — 3YSB,
TOSOH, Japan)

- duLa 95 (VMK 95, Germany)

- wad hilauaanagas (PVA, Wako Pure Chemical Industries, Japan)

msmﬁﬁﬁﬂﬁ’lamaan%ﬁéww%’uﬂ%’uﬁmaai’a@;mﬁauﬁa

- losaunaalsd taaszlawasn (FeCl,.4H,0, 44936 Fluka, Germany)

- loveuernalsd tanwzlaian (FeCl,.6H,0, 743-500G, Hazardous,

Australia)

-nndlonlasanlod (Tio,, 89490 Fluka, Germany)
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qﬂmnfﬁ‘l%‘lumsﬂﬂaaa
- dnnas
L LO3BITINARY 2 UAT 4 FIUNIS
- TOUANENT
- @ZINIIIOW (Sieve) VU@ 100 mesh
- msﬂ‘wﬁLaﬁﬁuuazgﬂumﬁ@%ﬁﬂau"l,u"lmﬁ (mmméfmhuquﬁﬂma 5 UaRLUAT,
SUN-12, Nikkato Corporation, Japan)
- whunsiialuseululasduszezgiiv
- Lwiamﬁﬂﬂﬁwvﬁaﬁwm@Lé’umuguﬁﬂma 15 UaBLUAT 817 80 UABLNAT
- o luaza3ian
- y‘\f' T
NILAILNADENS
331 MIATINNIEILHENIANGL

= ' aa [ 6 = & o =3
L@l?EISJﬁ’J%NEﬂJN\‘lLLaﬂw’]‘D’ﬂﬂauvLuvL@]i@ 89 LUaTLTUG LLRz@]’J"U'JUI%ﬂ'ﬁLN’]N%ﬂ

(Sintering aid) 3 Fflafa Tan1 wunili@e wazdanss luaaausasazlastininyinny

3:3:5

o % % ‘:{' g; o ' g; a ad
AR @]GEI]'Y] 3.1 ﬁ]’muummuwaum%m"lﬂuwaulm’miwaLawau

{ =3 aa U = =) qu/
(Polyethylene Bottle) Nutsianuatiadananlulasd laslfieTauaanazaduigndiauas

99.9 1Syt 240 gﬂmﬂﬁlfﬁuﬁmmlﬂuﬁaﬂmd vimsuartloniiduingn 24 Tl

INBULAVFIUNIUNDR NHatNTaaNazaunuladaLaanagassd lWlwwiaue vinmsua

Weonsdaiduiian 30 wif 11’]ﬁ’]%Nﬁ&mé'ﬁ_l@vLﬂLLElﬂQﬂﬂ(ﬂaaﬂLLﬁ/’JaﬁJﬁqm%{]ﬁﬂ‘imﬂm 60

AIFNTRLTYR INNBUINFIBHNFNLRAIBNITOWNIWAZILATI 100 mesh Vl,ﬁm"i'@qaumu

@aIM3 é’agﬂﬁ 3.5
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é’nﬂmzfma ﬁ%’l\‘lﬂ’lx‘l’\}ﬁﬂ’l 2]

(a) Tanaunlulase

4.0k T-Bmm x50 0k W, . R 4.0kV 7.8mm x50.0k

(b) TERM

! ) ' J L v L) i
4.0kV 8,8mm x10,0k 4.0k 8.8mm x50.0k

(c) Ban3e

PR bR 1

4.0kV 8.6mim x20.0k

4 0k0Fd Thom X100k 40

a

a o v o an 6 ) =3
E‘.I.I‘VI 31 ﬂﬂ‘iﬂ'mziﬂidﬁi’ldﬁgﬂﬂ']ﬂ?l AINIIND LD auvl,uvl,mm LRSHID ﬂluﬂ’]iLN']Nuﬂ

q
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(d) wuniiide

4.0kV 8.2mm x50.0k

(e) srunanGanaululasdni

4 0kV.8.8mm x20/0k " | 2. 4 0kV,8 Bmim x20.0K

a

317 3.1 (o) dnwazlasiainanmavassiandudinenlulasduazdrtialuniam

!
=1
wikn
F X

3.3.2 mMavuUTUN

o o Aa A A v o & & I [ Il &

iwsiagauieioldundatugiduiiianay (pellet) vwaLdEuHUgUENA1 20
fadluas lasldinIasdn lansadn (Uniaxial pressing, NT-100H) @28auaulszann
40 LWNZWIEAR NUWENTUNUNgIRD LUz 600 aseioaidos iuian 1 Talas
\WaladaTantlazau (binder) a93U7 3.5

3.3.3  MIKIREN

o & A a o =< PN a &

ihFunuiaoaldiwnmawiaingungil 1650 aseuaaiFos uinan 2
Tlud dpdanmaingun)ll 15 ssanaaidoadewdl moldusmmelulasiau 2
favdawnfl) laslfianmnainguussenmaiu Hi-Multi 5000, FV PHP-R-5, FRET-25 619

3U7 3.2 uazihununldluienziani@dng g dagdi 3.5
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Lﬂnrbun Crucibile’

| //—Bomn Nitride Crucitie |

. . I
;S‘]Jﬁ 3.3 anmmzmsmo%umu‘lumwmeuq&mﬁmmﬂ
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2000 |

1800 |

1600 |

1400 |

1200 |

1000 |

Temperature / °C

800 |

600 |

400 |

200 /

Sintering 2 h
P
<]
=
e
=}
n
w
£
=%
Z
N;, 0.1 MPa
Time /h

a

P> a . <A =
EII‘YI 3.4 ﬂi’lWLLa(ﬂ\‘]qmﬁﬂ“N LIN mm@maamﬂmwuﬂwqmﬁnu 1650 2IALDRLTYR

u

334 muessauiiuelidfing (Taquafaui) indeuundaaaululasd

= v aa = 3 a ] 1
L@liﬂNNGLLﬂ?UBIi‘ﬁﬂLﬂ@II@ Elﬂ'ﬁfl.l(ﬂfUﬂLﬂaﬂ‘ﬂﬂzLﬂﬂ@LLﬂzNﬁ%ﬂﬁﬁiﬂ%@]sz?{‘l 100

LT I@m@ﬁm‘fa@;Lﬂﬁauﬁumdaam*ﬂu 2 LuuAa

1.

HILAIUB LIBALNANENALRITALANIWOR Nilataanagas (ANNLTNTH
Souaz 5 laosiinin) Swiudesas 30 lagsininuasaiunaNiafay
Wilneu

naniualsdainanaunuimaslaiioUSinusasas 5 lassinin lag
msﬂqﬂmﬁ'ﬂﬂﬂia PMNUUNFNALRITALANINDA TaLaanages
@NUTuTUIeEaz 5 lauinin) Swiusesa 30 lassiminuad
1 =) =)
fInNFULARa LN WA

mdfmwaui'a@‘Lﬂﬁauﬁaaouuﬁa%mm%ﬁﬂaﬂﬂmﬁﬁawjﬁ'u PINBIHINTLEN

ﬁ’Jmﬁaulumﬂﬂﬁl'}meia“?'iqmﬁgﬁem6] @9% 1000, 1025, 1050, 1075, 1100, 1125,

1150, 1175 Waz 1200 2IANLTALTE LDWIAT 15 N é’agﬂﬁ 3.6
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3.35 miﬂ%'uﬁ"uaai'a@y,ﬂﬁauﬁﬂ@ymilﬁwaaﬂvl,ﬁnﬁmaﬂam

ﬁﬂmiﬂ%'uﬁmaﬁaqmﬁauﬁ’mﬁ@LLﬁmaIﬁaLﬂ@wa&lﬁ'msnaﬂmﬁmﬂ%mm%“aﬂa:
5 lagiinwin dromItduaantaauadlans laun AN wazinmioy TulSanmsauas
0.5, 1, 2 uaz 3 laghntin MNnuudUMIBNRNARaUNIgUMAT 1100 asrialBaa 6
31N 3.6

3.3.6 m‘ammﬁammlﬁiaﬁmﬁmﬂﬁﬁgﬂ‘hamﬁauﬁuuguﬁ

g; J [~ =1 Qq’ L [ dl v o v dl =4

AuaanhldwniInaaasieIouTuiualagranalizuitnuinluldiueSaanag
26 LN AN 1 TN19n1307 16 LsmnﬂLmﬂmumﬂ@mmiamugﬂmslmiaaaﬂvl,amaamﬂu
Lﬁ@ﬂauLLa:mumSLm"La'éf’sL%auﬂszmuﬁqmﬁqﬁ 600 adetraldys Lwaa 1 T2 lug
Tuusseniadnd annunaasdtknitniiasdu (Pre-sintering) meldussonniea
lulasiau m goanniengg Aa 1300, 1350, 1400 waz 1450 adeioaifos iuan 2
g2lu9 muldussoinialulasian WWamgmnpINmanzaudnTunarninidasdu
LLa”'M'm'mﬂmLLammLmLﬂugﬂﬂmﬁfmaaﬂm ﬁ]'mﬁfmmwﬁﬂ'é‘ﬂﬂ%'aﬁqmﬁgﬁ 1650
asentraldes 1wl 2 Mlusneldussoanielulasian uwazmisQiafauiariau
valsdaneauazumualsdananautmaslabslulSuimiosss 5 laaiinin 910
1 a A a = I3 =
HumMItnRaaRaugmnnd 1100 asoaiFos iunm 15 wifl
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aa 4
waganou lu'lasd v P
@asramnlosiFud laeimiin)

vaitlen a1 24 ¥ 1u9

A o v o
TagldeTasanegoaiiudiinazaie

y

103 PVB 1% Jagiimiin

=~ =
valen 11a1 30 UIN

A 4

i’)‘ULL‘VsiJQ 60 DA U AT

HAZIOURNIU sieve 100 1%

A 4
e P v N
Ql

= a
9AvUIUFUIUY

U

frnNUAY 40 MPa

w ladnseuilszau gungil 600 9If

~ o A
wrarsed a1 1 ¥ 1ualuussennalnag

Y
wruumeldussermeluTasau

QNN 1650 DIF AT 1381 2 I 119

y

4
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1 aa 4 mdulszanimsvenrsdn
ANUHUUY TagIsMsununih
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A Ve TS FaNANENN s )
» Fuauganoululase
PVA 5% azaigii
. J
aMsUsua . —7 . N
MmsdsunuiFuau ey
(FeCl,, FeCl,, TiO,) ,
N v =~ a
C mytauaziigavinil 1200
) A '
Hinaoy L oo na1 1 $lus

A 4

A a Qy a1 v A Y
AADVUUAIFUNUNNIUMTUSTA IS

IR AT EA 1A 15 WA
1 J

v

Y
TR anT AU 9B

N
[ EFUNY NI TeIMIAlNA gargll 1000 - 1200

4
ﬂ?ﬁ'llﬂi%ﬁ‘ﬂ‘ﬁﬂﬁﬂlfﬂﬂ@l’ﬂﬂ\iﬂ’nu%@u

9
"| AussdamziazdnyuzTeeR0IZALIANIATENINITANITDY

panszneumanla

MANUUTIUDIRUAT D

=
A
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AATIZHANWTUNENWNFINN

lﬂl G = v aa [ = a =) a Aaa 6
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3.5.1 MIIAAMURWILLL
Aa UL A i o3 E N sunuitsti (Archimedes  Method) AINNINTZIN
ASTM C 830 I@sm'ﬁﬁw%mmmaulﬁuﬁaﬁqnmgﬁ 105 a9rLaLE o INTUTINNAIN

wisudh llandegyanme gaamasandszanm 30 wifl anihlivianguauus’

(2 P
o A o o L

2V ea A & TR RS o o da a v o
‘Y]\‘ivhﬂﬂ 5 %N Qﬁuqﬁuﬂqquﬁﬁu’]ﬁuﬂluu’]LLa'ﬂfﬁN']Ll]ﬂﬂsﬁﬂu’]‘ﬂN'ﬂﬁ']u“ﬁuaaﬂuaqu’]vlﬂ

(§

o

TIANATINII INUHUATWI UATAN VAW ILUUAIFNNNT

Bulk Density = LW

sat sus
P

1aefl Bulk Density = AURWILUUYBITUIU (ﬂ%'miagﬂmﬂﬁlfnual,um)

W, = twnnaasduwnuwiidluaine (nTu)

& o = Aa o o 3 o ¥ da o
W, = imnnuesiwinunduaissiuazsuinniieanty (n3w)
W, = ininuasiwinwlatonuuuinluil (nTu)

3.5.1.1 fNANURUILUNLTING B]) (Theoretical Density, TD)

TD — I/Vtota/
W, lp,+W,p, +W./p, +..

d Yoo 2
Wa W, = RINIINNIRUG

total
W, W,,W, = TANNT8IRNT a, b Uaz ¢ ANRIAY

Dos Py Lo = ANMARWIUUUDIENT @, b UAT ¢ MNEIAL
a,b,c,... = a13NlL

. A a , A o PN
I(ﬂUﬂ')’]llﬂ'uﬂLL%%L"HGV]QEQ“U@\‘]@'T?@]’N6] UANAIANTNN 3.1[29]
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A13197 3.1 ANAMURWILUUN NN BHVBIANIA )

BHAVDIFNT ANAMAAWILUB (glcm’)
TFanaunlulasa 3.200
FAN 2.203
danse 5.032
wuNdLDE 3.560

352 myianiasalznaumainauasiagLafe Ui

swiudanewlulasdiadeudisuivalsdainauazuiivelsdainanay
wasladeUsinmiasas 5 Taoinwin nouuulimwaSNLAZHIBINTIHN B auannl
1100 pveLmalas AdnEadslsznaumanas81aSad Xoray diffractometer 1 D8-
Advance NaalauuSEn Bruker lagld Cu - K radiation ﬁ scanning speed 2.4 23¢68

Tt luﬁaaqu 20 aaud 10 99 80 a3eN a3 3.7

5N 3.7 L5309 X-Ray Diffractometer
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3.5.3  MTIAAMNLDI
mytasanuudiaastwnuiasoulnlasdedeudeoutuslsdanauazum
valsEananauimoslafioUsinmiosss 5 lagtinesin HunITHA m guunil 1100
29FLTALEUN @28LA3a9 Vickers Hardness Tester 34 HV-50A NAALALLSEN Laizhou
Huayin ﬁdgﬂ‘ﬁ 3.8

Ei.lﬁ 3.8 LA3849 Vickers Hardness Tester

& ad < a 6 v L a a a a v
L UIATNARDUANULTILULIAINLNDTIA &Iﬂ?ﬂ@]LW‘HiEﬂﬂ‘iﬁJ@]i’]uﬁLﬂﬂ gy f;ll(ﬂ bb33

d ) A 34 v 1 s a s a
NALAZIZHZIRNTINALA ‘ﬁdﬂﬂiﬂﬂﬂﬂdﬁlﬁLLidﬂ@Lﬂ?ﬂU 1 ﬂIaﬂiﬂJ 221281 15 W7

nnuwialasndasganisaiuazdwndaisveadunzusiyvadsasne (9)

_ 1.8544(9.807P)
- d’
HY = dranuudefilédann Vickers Indenter nibagiflutunswiasa (MPa)

HV

P = ininnvinne nibsdluilanin (kgf)
d

@hLo‘,ﬁmﬁumum&;maﬁaﬂﬂ@ wiadulafuas (mm)
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354 msiaeaulssantmIvsnasansanuion
ﬂﬁi’ﬂ@hé’&lﬂiz‘ﬁw%{mwmUé'amomm%aumaa%umu%ﬁﬂauvl,u"l@lsﬁua:i'a@
WwRsuRriauniualidainauaziiivalidainananies laiuUSuimsasas 5 lay

1IN A8LATa9 Dilotometer % 402C NAalasUTEN Netzsch éﬁgﬂﬁ 3.9

NETZSIH

;sﬂﬁ 3.9 1@384 Dilotometer

MMIaTNa0E19 3 silade Fanewlulate witualsdamne wazuniuslida
inanaunuasladisUsumiasas 5 lagiwin Wawwianiie 5 Sadiuas 812 25
faawas lasJoui yuﬁui’a@;mm@uﬁﬁﬂmmﬂ Al,O;

355 MTIATILAE

AATERANFe8LA3a9 Chromameter 34 CR-200 NAALALLSHN Minolta é’agﬂﬁ
3.10 Tagseuy Lrab* tiasansouenanuuandsvesile 3010

L* TEi1nuasanuaing

=

SR o 1 AA ' 6
L =0 LE@InIaIae NI ﬂﬂﬂdﬁﬂiﬁlim

1
L =100 LLamﬁaéffsamaﬁﬁ?«maamdawyszﬁ

* 1 Y o = =} a A
a* lFi e auaInIafL T
+ 7ol luAemava 7

a

- 7ol luAemsvasmden

a
b* I naRI AR aInTa RIS
b = + Fazlllufiansvasdinias

b = - FazlUluAan1svaIFINE
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31 3.10 1A384 Chromameter 1 CR-200 NAGlasUSEN Minolta

356 myienziansuzlasainganme

AN RUAINAGATINS (cross-section)  VBITHIH L‘ﬁ'agé’nwm:miﬁmm:
seninsuiuslsdainauazuivslsdainansuimasladisdsunmsasas 5 lagtiiwin
(Taquafauil) Muddnaululesd (Teanaunuiu) asansuawia Juieveseunauas]
WIKAIENADIIANTIALBIANATAUULLFBINTIA (Scanning electron microscope, SEM) $u
JSM — 6480LV naalagy3un JEOL daguil 3.11

3‘1Jﬁ 3.1 ﬂﬁadqaﬂiiﬂﬁ:ﬁLﬁﬂmammudaaﬂi’m (Scanning electron microscope, SEM)
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MIesoNRagIE LA s AL Fhldlagsidregsandatuurinies
‘ﬁﬁmﬂm%‘uaua@a%il,l,ﬁfmﬂvlﬂl,ﬂﬁauﬁaﬁamauﬁaiﬁﬁmmsﬁﬂﬂﬂn aniusinly
AeTEidmsndesganIIalBLanaTe UL UFeINTIA Wavhmsinmeiaudadneg

357 mmiadwsidamziuszninisgnaunuluuazizqiafiaud  (Tensile

Strength)
M3iad1uIstalnIin (Tensile Strength) sznivizgnaunuiulazizgiafou

A7 628La384 Instron Testing Machine 7% 5843 NAALALUIEN Instron ﬁdgﬂﬁ 3.12

E‘ﬂﬁ 3.12 L@384 Instron Testing Machine

mim‘%w%umuﬁﬂ@ﬂ‘h?l,wiamﬁﬂﬂé”’lvlj’aﬁugﬂmoﬂswané’mmmﬁumu
quﬁﬂma 15 fia5Luas 817 80 JadlNaT MPanuswnuuuLianay (Pellet) HIRBIF
fron e Twaza3ianis®u (Cyanoacrylate Resin) 3 nuwindwaniiasoslellid
indsnasavlasnssudatansvasasiusasurianinnd 1 fafuudidooanawnssn
Lﬁ@mnmﬂﬁ'mm’m%”'ui'ﬁ@mLmuﬁuuaz%ui'aqmﬁam’?a YNALIaIR IR S W e

AMURUNII

' ' I A o f 2 o
B = AanunuuIiad nistduiidudaasnauas (N/m’) w38 Wwnzwiaaa (MPa)
F = fussden laannialaanageay nibsduiiau (N)
S = ﬁu‘ﬁmaaﬁaé’uﬁmzmﬂﬁa@;mLmuﬁuua:i'a@mﬁauﬁa ARSI UAITINAT

(m’)
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a [3 v v a
3.5.8 ﬂ’]?)Lﬂ?ﬁ“ﬁﬂ?’]?\lL‘IJ’]ﬂuvL@]“ﬂ’]\‘i"Ii'Jﬂ']W

NS UNIBARAIWRSUNIINARDY

msnaasafiaitaszianuidnnwlanisiinwiinmimasaulasnsiwszide
LmaﬁLﬁaqﬂizﬁdLm&luu‘,uﬁmwﬂszmumw@aaummg’m[m-33] (Human gingival and
periodontal ligament fibroblasts (HGF and HPDLF)) ¥in13a4vinanuaza1aaiagng
Funwandniulaousoianiwes 70 Woldud udaaudl sterile phosphate buffer
saline (PBS) wumadiilefa gingival W gasuuTwNuTsdafiinanuszenaud
i annsiwin Tz aluansazany Dulbecco’s modified eagle medium (DMEM)
(Thermoscientific, USA), 10% fetal calf serum (DMEM-FCS), 2 mM L-glutamine, 100
IU/ml penicillin G, 100 IU/ml streptomycin ‘ﬁvl,é]”mn Invitrogen, USA LLﬁQLﬁU%Hﬂ’?‘ﬁ 37
°C lwus3Enmeana 5% CO,

Aada @ a ..
nssm'ﬁ"umﬂzﬁmwmuwu Cytotoxicity A28 MTT assay

L IRaNAFaL (150,000 @a@1881d) NNAFOUNUTUNUAI081991WI% 6 Tha Ao
blank: control, VMK: veneer (standard), ZrO,: core (standard), borosilicate glass:
veneer, 5 wt% ZrO,-added borosilicate glass: veneer and SizN,: core MURAINNNNT

nagautduiaan 48 %’QINOLLES/’)ﬁ’m’ﬁﬁ’]ﬂﬂWWLﬁaLﬂ%UULﬁﬂﬂﬁ% I@ﬂmﬂaumsa:mﬂ

DMEM %31 1 ml da%usu  udlfansazais MTT 100 L (5 mg/ml lu phosphate
buffered saline) ud16379 151 Iwaa 30 wift 4 37 °C ihdregsunusluasazats 1 mi
284 dimethyl sulfoxide (DMSO) twgtduiaa1 10 e wrdualagldanueindnuas
550 nm.
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& < % a 1 = 3 ad =1
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mm:éw%’umsﬁﬁmLflui'aqmLmuﬂuslumumaﬁummm é’agﬂﬂ 4.1

5111 4.1 ANV IWVBITUINUTIA AW bib bATH
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msmaaui’a@;mﬁauﬁ’mﬁ@uaii%ﬁuﬂmLLa:uaIi%ﬁmwamsﬁaﬂﬂLﬁmﬂ%mm
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NuAaIRILAau et é’ogﬂﬁ 4.2(d) sug9amnnil 1100 DIFNLTRLTHH NN

a nq, =1 =} o A 1 s ) a 1 a

MUHENVDIAITWINRAANVTIUNWE TUWLNITIINAILAZF1AT T99mnnd 1125-1200
AIFLTALTOF WUINN NI WS WIUNINUWBRITUINY Lﬁaamnqmﬂgmumﬂm
ny A a £ aa a o v A ‘3/ Ag’ =} [ % g;
mumumaaumLm’maissﬁam@magamu"lﬂ ldtAanasametnlulitatnfoy a9t
qm%gﬁﬁﬁm’mmm:auﬁm%’umﬂmﬁ"smﬁaumﬁ@uﬁ’mai‘s%&ﬂ@ fa 1100  agen
TR

dl G a nq/ aa 6 A (3 (3 aa a

T U N g UTwINUTaaaw b laTatafaualuuiUa lISaInaNgNLTas ALY
Sunusaas 5 ﬁmuﬂﬁm‘*ﬁ’mqmugﬁ 1000-1200 BIANLTALT & wm"]mqqmﬁn“ﬁ
1000-1075 2IANTRLTLE TUINWLNANITIIUG ﬁ@‘i’mﬁua:ﬁovl,&iqﬂﬁawh‘ﬁmsmaaﬁa
AR T1gURNI 1100 AIANLTALTYR AN AUBANVBIRITUNWIANNETIUNUA bal
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ﬁ‘hmummuﬁa%ummﬁaaﬁnﬂqmﬁgﬁlummm%mmmﬁauﬁmﬁwaiﬁéfiammmaga
a o v Aa J dq, A L3 g: nd‘d o a
Al vinlwiAawasanniadnluwihatnfay AN N INT AN UAINZENEIATINILHN
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uazuiIualsBRnaNaNtTaslalhyUSU T mIauas 5 o qm%gﬁ@mﬁu LA LAINNT
a 1 o va : = ‘2/ =) L= o =
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9 aa A 9 an J =
uAUe IsFanamas Uy NIV IsFanNANA NI T Latle 5%
Aa aa k4 Aa aao 14
aganoulu'lase wasvuurIganoulu lasa

(a) 1000 °C (j) 1000 °C

(b) 1025 °C (k) 1025 °C

(c) 1050 °C (1) 1050 °C

3517 4.2 anwacAudivsanfavuiiuelsding (a-i) uazuivalsdfinansuiseilaiiy

Uinnsasas 5 (-r) uuinGineululasd o gunpiidnag
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9 Aaa A 9 an 4 ~
uAUe IsFanamasuuY 1AUB IsFanNaNaUIDT LAl 5%
a aa 4 A a Aan o
ganoululase masuuuRIFanou lulasa

(d) 1075°C (m) 1075°C

(e) 1100°C (n) 1100°C

() 1125°C (o) 1125°C

d. 1 s dq, a A v aa . v an
31]71 4.2 (99) aﬂmm:wummaaLﬂaauumuaimamm (a-i) LLﬂZLLﬂ’J‘UﬂIi‘HaLﬂ@]Nﬁ&I

[ = 2 L . A Aaa [ a
wwai-lawle Yianaawaz 5 () uuiadaaeululasd w gunniideg
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9 an A 9 an o =~
ufve TsgamanasuuY ufve TsGamnanaues latie 5%
Aa aa J A Aa aa 4
aganoulu'lase wnasuuuRIFanou lu'lasa

(g) 1150°C (p) 1150°C

(h) 1175°C (@) 1175°C

(i) 1200°C (r) 1200°C

dl 1 o dlq, a A v aa . v an
31]71 4.2 (99) aﬂ‘]ﬂ'mxwuﬂ\n‘llﬂx‘iLﬂﬂE]‘]JLLﬂ’J‘L]ﬂIi‘]IaLﬂ@] (a-i) LLﬂZLLﬂ’J‘]JﬂIi‘ITﬂLﬂ(ﬂNﬁ&I

[ = a U . A Aaa 6 a
wwai-lawls YSanasawas 5 () uuiadaneululasd w gunniineg
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42  n1shaszdesdidsrnauntaavasiliaiaualsiaias X-ray
diffractometer (XRD)
wamﬁLﬂi’]:vfaaﬁﬂs:ﬂaumaLWamaﬁa@lmﬁauﬁwﬁmﬁwaii%ammaz
uihuelsdananaumoslafio Usunmiouss 5 Ageldlaruwnisen WU TEQIATaLAT
piauiivalsfainadansueniwiduodgmgiu (@morphous) wialaifanudundnis
W URNHUSLANIZVBILAD ﬁmi’a@gLﬂﬁauﬁamﬁ@LLﬁauaIssTiﬁLﬂmwauLeﬁaﬂmﬁa Ui
Sovaz 5 AulsvaaaaszlnuaaimaslafiouazluluaddnludSuadntes é‘agﬂﬁ' 4.3

90 —

t-Z : Tetragonal Zirconia

80 7 m-Z : Monoclinic Zirconia

5%Zr0,-added borosilicate glass
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30

~ borosilicate glass
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10 20 30 40 50 60 70 80
2-theta
3111 4.3 XRD pattermns VOIIEY) wasuAriauivelsganauasiiua IS anaNRNLETaS

TafteUSunmIasaz 5 NO9 b G HIBATTLND

a 6 6 Qq’ Aaa 6 A U %
NANITALATIZRAIAUTE N UM I WAV ITUINBTAA W LU LA TALARA LI BRI
15-B8tna ﬁaaqm%gﬁ 1000-1200 89FANLTRLT 8 & éﬁgﬂﬁ 4.4 wudwqmmgﬁ 1000-1050
asaaaTu e USuionguadnsalaunlad (Cristobalite)  u1nan LAZAAIIIND AN
1075 aseniTaidos USunanavasaialau laddas g aaad NIRLRBIINNYVBI Lever
rule 1% Binary phase diagram 2843:UUTRABUEEN brauarlUTAUEEN kA (SiO,-B,0,
] 1 =) { =) &/
system) muaﬂ’nmmﬂNﬁﬂmaoLWamaI@vaa@Tam@mLﬁaqnm{]wmnmwﬁﬂgwu
< a | = i i o & { a £ £
wnsznIneuSmnuvadinad (Liquid Phase) mumﬁaqmﬁqugwuﬁag@ﬂ A9
o v 1Aa =1 a FQ‘ v v dll dll a J
e lidSunananveanaasalaunladitulasasiazasiasaiises o o lgITw
[34] 8819 b5AAINAITIHRIAREY T qm%gﬁqm AauddnisanuanvasngaIale
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1 laanUSun ey uetihasanninisifianasa el nluiihalnRaUaINNa1INIT 196 %
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C
C : Cristobalite
Q : Quartz
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C : Cristobalite
Z : tetragonal Zirconia

C Q : Quartz
Zr : Zircon
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d' 1 < a A a a v aa A A
;Sﬂ‘l’l 4.8 ﬂ']ﬂ’)']SJLL“IJ(]“Ua\‘]'Jﬁ@!Lﬂﬂ6‘].]N'J"E%QLLTI'JUQI?ﬁNLﬂ@lNﬁNLsﬁaﬂﬂLuﬂﬂN’]uﬂ’ﬁLNW [3%3

AMNNNANN 9
q U

1o £ % { .

44  @dNlIzANSNI5VLIYAIMNIIANNSTaNALLATDY Dilatometer
@ a £ o [ ..

AMNMINARALANFNYTZANTNTVLN8AIN19ANNTaU (Coefficient of  thermal
expansion) °uaai’aqw@Lmuﬂumﬁ@%ﬁﬂauvl,uvl,mﬁuazi'aqLﬂﬁauﬁmﬁmﬁmaiﬁﬁmm
wazimUalsgananaNLTaslatity USuimiauas 5 Ha1aand 9 inaLaaIn 'ffiaﬁﬂﬁi'a@;

A Aa 2 Y A Aaa = 1 d'

wRauRiman i lanuiiresdtaenlnlasd le 39rsaadanluizesweinsns
o ' . [ ' @ a £ o
@1 (crazing) W3aMITau (peeling) 1@ agndlsAauAIaNUIEENTATVENBAINNIANY
v 0/ a g; 1 1 s a Qf s v
JauvasTaqiafauiansgasuuuNInnitddulszininisrsnsdiniianuiauvad

FAADW L LA TALANIDY AIThUTIAITIZIIWITOIVBINITTIUAD AIANTIIN 4.1 LLazgﬂﬁ 4.9

A:i' 1 g tﬁ’ Qs v 4
M1319% 4.1 ardndsz@nsnisven ﬂmmamwsaummaaq

V40 AdaszAnan1sgnadmieadna
38w (CTE) (50-500°C) x 10°/°C
Silicon Nitride (core : 1650°C) 3.48
Borosilicate glass (veneer : 1100°C) 4.02
ZrO, 5%-added borosilicate glass (veneer : 3.98
1100°C)
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1.0 7
— VMK
0.9 7
0.8 Si;N,
S ]
e:; 0.7 = Borosilicate glass
2 06 -
< == ZrO,-added Borosilicate glass
& —
= 0.5
=
= 4
g 0.4
g
= 03 7
= /
0.2
0.1 7
0.0
0 100 200 300 400 500 600

Temperature (OC)
‘:I Qs U Q
;51]1’] 4.9 N3 EJ’]EJ@]’JVI’NF]’J’]N?BWIJBG’]ET@J

4.5 nﬁiatﬂiﬁzﬁﬁﬁ’wm%m Chromameter

PMNMINARBLILATIZRANLIN @19V (L) maﬁaqLﬂﬁauﬁ’mﬁmtﬁmaiﬁa
wnanazimvalsdfnanauisaslaiis YSunuieuaz 5 Ad1 78.38 LAz 82.87 aNAGU
LLamdwm‘sLammaﬂﬂLﬁuﬁwaﬁﬂﬁfa@gLﬂﬁauﬁaﬁmmmnmn%u fudla  2891a9
waauRrhauiivalsdanauazuiivalidinanauwaslaiie USunuiasas 5 fen -
4.91 uaz -5.05 muéné’u%daglummﬁmaa%@m waasnmaduzasiafieldifinadadn
a (at = FUAI WAz a- = MAw1) VoITFQLAROUA FIUAN b VasTFQLARAURITRAU
valsBainauazuiivals-ainanauisaslaiie Usunmsasas 5 Ad1 +7.85 uaz+8.11
muﬁwé’u%aagihmmﬁmao%mﬁaa sowmsduaasladielidosdinadadn b (b+ = &
1WE89 Uz b- = Finidn) 2897RQLARDUAN

Lfial,ﬂ%ymﬁymzwj’w‘i’a@lLsﬁﬁﬁﬂﬁlﬁmamsﬁw (Zirconia : core, VMK : veneer)
LLazila@;Lsﬁi’lflﬂﬂ@aad (Silicon nitride : core, Borosilicate glass ez ZrO, 5%-added
borosilicate glass : veneer) wudﬁa@;Lsﬁs’lﬁﬂmaaaﬁ@hmmmn (L) LRZANULRR DI (b)
ﬁ;ﬁlﬁlﬂ’j’ﬁﬁﬂL%S’]ﬁﬂﬁiﬁ'ﬂ’mﬂﬁiﬁ’]

LﬁaLﬂ%ﬂm'ﬁ'mﬁ:%dﬁﬁa@]‘mmﬁmmzﬂuugwﬁ (Natural teeth) WU71F1 a WAz b
‘ﬁ'"L@Tmaﬁa@;Léﬁi’]ﬁﬂﬁlfmomiﬁﬁLLa:‘Ta@;Lﬁnﬁﬁﬂmaaoagluma@hmaawaaﬁumgwﬁ
fausIndInNuT7 (L) maﬁa@lLsﬁswﬁﬂﬁv’aaawﬁ@ﬁvlai"lﬁa%ilumammaamaaﬂuu%wﬁ
LL@i’S’ﬁ@;Lfm']ﬁﬂﬁl“ﬁmamsﬁwﬁmmmmn (L) Ny 95-97 Faflenuandrsanndrnu

mwaoﬂumgwﬁ"[ﬂﬁw ﬁ'\‘iﬁLﬁaomﬂmiﬁﬁwﬂszmﬂﬂumjuﬁ@mﬁu AINNTNN 4.2
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dl 1 A e el =) a
AIn4d.2a1dL, alaz b mamaqmanﬂmmma@Lﬂaaum

Material L a b

Natural teeth*[37] 39.0-658 | -51-40 |[-1.0-151
Zirconia (core :1400°C) 94.70 -5.06 12.62
VMK (veneer : 930°C) 94.00 -4.96 12.66
Silicon Nitride (core : 1650°C) 84.34 -4.97 7.04
Borosilicate glass (veneer : 1100°C) 78.38 -4.91 7.85
ZrO, 5%-added borosilicate glass (veneer 82.87 -5.05 8.1
:1100°C)

*Total of 47 volunteers : 8 males (mean age = 29.5), 39 females (mean age = 29.0) older than 19-

year-old

4.6 n’lﬁLﬂiﬁzﬁﬁﬂﬂmztﬂiaﬁ%’ldi}laﬂ’lﬂﬁaﬂLﬂ"éa\‘l Scanning Electron
Microscope (SEM)

Namﬁmezﬁé'ﬂwmﬂmaa%wﬁgammlaa%umu%?mauvl,uvlmeiﬂﬁauﬁaml,ﬁa
vals@anauszuivslsdainansuimaslaiiy USunmionas 5 ARIWNITIAN A oDl
@139 wu*jﬁmiﬁ@Lmzﬁ'm:%iw%umaﬁaqwmmuﬁuua:i’aqmﬁauﬁ’s@iauﬁwﬁ e lu
mumao%uiaqmﬁauﬁuﬁmnﬁmammmm:@imﬁ@i’m6] Wi Wadanna Ldudu lay
%umuﬁmumnmﬁaqmﬂgﬁ 1100  asewalTuglanunnizanlunslduadiunn
ﬁq@ Lﬁaamn%mmﬁé’ﬂum:msﬁ@Lm:ﬁmzijﬁtwaoi’agﬁgdaaa@iauﬁwﬁu,a:"l,&iwu
FInil 900 NFEAARBINUANHIENIINAINLAZ AN TILATIERBIR Tz na UMW e
#9nan7 Lianaeu é’agﬂﬁ 4.10

WONIMNAFITANUTEAABINUNNTTNENUVEI Moustafa, N. uazame[38] 7ild
ﬁwmi?mmLﬂ%ﬂmﬁsm%%ﬂ’mﬂﬁawaﬁa@;mﬁauﬁauumaﬂmﬁﬂ favzuy CAD/CAM
LLazn'mnm%ugﬂéT'mﬁa wudﬁ%msﬁ’]ﬁ'sﬂﬁaﬁﬁnwm:ms%Lmzﬁ'mzwj’m%v'umaﬁa@;
IFaIfidasnINI T CAD/CAM 3nsiassnunasannie ﬁaddﬂai:é’ugamﬂ
(microgaps) LLazmSLwﬂ“ﬁzmmiN%maﬁa@;ﬁy’aaaaﬁﬂﬁaU %mﬂmﬁm‘%uﬁmaamnﬁ@
wazlavassasuanle Wiesanszuy CAD/CAM Lﬂu%%ﬁﬁmsmuqué’@mmﬂﬁ@mm
Jou annunaau uazinneldgyainma éﬁgﬂﬁ' 4.11[38] athslsfianaluiuidoillad
mimﬁauﬁaﬁw%%‘maﬁmmﬁugﬂﬁaUﬁaﬁmNalﬁ%umuﬁmﬂﬁmammmm:@‘i’mﬁ
61499 191antag é’dﬁ?uﬁwmﬂﬁﬂﬁﬂ%’ﬂﬂgﬁ%msmﬁauﬁﬂumimaaw:mmmlﬁ

c? AA o .:4'.:4.:3’ =S I ¥ o Y Aa v ‘3’
%uammaﬂmmzmamslmwmmmaLﬂmamﬂ@lummwu
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9 aa = Y an o ~
unIve IsFamnanaaUuY unue IsFamnanaNes late 5%
A Aaa 4 A A Aaa 4
W’J“]faﬂﬂu]lull@]iﬂ maauuumcﬁaﬂﬂu"lullmﬂ

(a) 1000°C (j) 1000°C

X1, 888

3111 4.10 é’ﬂwmﬂmaa%dﬁ;amﬂmaa%umumﬁauﬁaﬂLLﬁ'suaIssTj'ﬁLﬂm (a - i) LazunIue
ls-FRinansuimailoiiy Usnmiasas 5 (- ) infeuuuindineululasdngungil

RNE)
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9 an A Y an 4 =
ufue IsFamananUuu ufve Issamnanausos latle 5%
Aa aa 4 A a Aaa J
aganoululasea wasuuuRIzaneu lulasa

(d) 1075°C (m) 1075°C

8832 18 S8 BES

(n) 1100°C

311 4.10 (do) anwauzlavsaiivgamavestunuaieudmouiivaliding (a - i) uas
widualsdananauraslaile USunmsasas 5 (j - r) WnRauunitGanaululasan

AMANNGI 9
9 u
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9 an A Y an o =
unIve IsFamanaoUuY unve IssamnanaNes late 5%
A Aaa 4 A A Aaa 4
W'J“lfaﬂ@u]lull@]iﬂ maﬂuuumcﬁaﬂau"lu'lmw

(g) 1150°C (p) 1150°C

wm BB848 B89 S8 BES

-

e

18mm 8849 15 38 SEI K3 = 3 by B39 S8 BES

(i) 1200°C (r) 1200°C

45 18 58 BES

311 4.10 (do) Anwauzlawaiigamavastunuaisudouiivalidine (a - i) uas
widualsdananauaslaile USunmsasas 5 (j - r) WnRauuninGanaululasan

AMANNGI 9
9 U
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o

Veneer ceramic

i

Interface

AceV SpotMagn Det WD i 10 m
150KV 30 2000x SE 158 Rondd-Press - Zirconia

M) (V)
& o o = A A o A A v ad &
zll'ﬂ 4.11 aﬂﬂmziﬂﬁaﬁx‘ﬁ]‘aﬂ’mma\‘i“lju\‘l’mﬂlﬁli&m’mﬂLﬂaa‘uw’mi} U(ﬂ) jfLﬂa’]TuEﬂ

@2838laz (1) 32U CAD/CAM

4.7 d'll,l,‘saﬁmn'lz‘szwi'm%'aqﬂmLmuﬁmmz’iaqLﬂﬁauﬁaﬁwm%aa Instron
Testing Machine
mnmsmaaumLLiaﬁmm:s:mhﬁa@!mLmuﬁuua:i’aqmﬁauﬁa WUINND

a J 1 a a a QI éj a 1
qm%nwaa"nun’ﬁﬁmmxs:wm'saq‘nmmuﬂuuamaq Lﬂﬁaumwwmu@rmqmﬂgu 139

AL
ﬁqmﬂ{}ﬁ 1125 uaz 1175 a9rmiralfualanussdainzanas anatfiasunanidmi v
Wosamaluduins atsbafiauluugmnpldainininsiadussdaimniziag
naunuiuuazizgiafonfiled LﬁaamﬂLﬁﬂqu@aansw*jﬁa%uﬁ'sLﬂﬁammuwia
wmanna efiuunudadeudroni oo luosasiansdn uwgasinsainzIznineiag
VmLmuﬁuuazi'a@;mﬁauﬁfaﬁ@muLL°'1"]<1LLsomnnd'mﬁﬁ@Lﬂwzszﬂdwa%uﬁamﬁamm:um
wannan ey é’afummmagﬂﬁd'\ i'a@m@Lmuﬁmm:’?ﬁ@;Lﬂﬁauﬁammmﬁmm:

Auwlaa
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A1357191N 4.3 ﬂ"lu,saﬁﬂl,mzszwi'm%'aqﬂﬂLmuﬁmmﬁaqmﬁauﬁ'aﬁsi'mn'mm m

DWRANA 9
9 u

Tensile Bending Strength Mode
Firing Temperature (°C)
(MPa)
1000 0.6 Interfacial
1025 1.1 Interfacial
1050 1.6 Interfacial
1075 2.1 Interfacial
1100 - -
1125 1.3 Cohesive
1150 - -
1175 1.4 Cohesive
1200 - -
WYL

1. Interfacial fa mﬁmﬂmaﬂimdwa"ﬁ'mlaﬁa@mﬂLmuﬁuua:i’a@mﬁauﬁa

2. Cohesive A8 ﬂﬁwq@aaﬂ’lulﬁﬁa@yﬂﬁauﬁa

Aboushelib, M.N. Lazamke[39] Vl,ﬁﬁ’m'ﬁﬁﬂmmLLiaﬁﬂLmzizwj’]ﬁaqmLmuﬂu
LLazi'aqmﬁauﬁmﬁmhae] I@Uﬁﬂmimaauﬁammﬁw:é’mﬁamﬂ (Microtensile bond
strength) G901T197 4.4[39] et laiaaiawihduRianzIzniTuisgnizenld
Lﬂu@hmaan%uﬁL%am:wm%'maaﬁ'&aaai’a@;ua:maaulummLL*‘ﬁaLL‘sai:é’ugamﬂ%a

1 cql/ v v 2 1 1 adA £ L% =3 I Qdd‘d 6
@1991NNINARDIN Lm;pznyvlmnmm'nﬁmsmaaumym{lmmmLﬂuaﬁwuﬂiziﬂﬂnu

lunmsnesaung@nssuvainmsiainiza GARLOVAREK

A19197 4.4 ALRABVBIAMIITALNIEITEAUIANALAZANTLILWNINITZIHVDI TR

NAUNWARBUAZITALARDLAIZRAG )

IPS IPS

Cercon® Empress Eris Empress 2 Vita
Core 339.5(58.7) 124.3 (38.3)* 124.3 (38.3)* 68.4 (6.0)
Veneer 28.7 (4.7)%® 27.0 (12.5) 24.2 (3.4) 31.0 (4.5)®

Core/Veneer 29.1 (13.7)%¢ 4.6 (9.1 37.2 (10.8)™¢ 32.2 (7.8
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= o 1 =1 49/ v o [ > = 48/
48  NINARBILATEAAIBLNKINENLITBIARAEWIUNINRIIRIUATa LY
FuwuFanLraslatian1inIIe NI nasa ULl ouieu la i n1THIRANTINN
& o v A P = a A ° s £ a = '
LuamumLtaatwaiﬁmmul,l,mLml:wmwam:mmﬂawugﬂmauﬁﬂ@Uummufmag
ATz 0.541 FNTWIEAD NMURAINILNINGNN 1400 ava G aiilniag 2 T2 1u9
A o ' & ad o LA o A o ¢ & & &
LN TR IA AU R UILUBLANALED WUINHAINITAAAILTILEW 20.00 VasTue 29
o & % a = Aaa & o =< & o A ol =
UG DILATIUTUINUTRADU LU LATAAILNITLNINTNLT 896 WA 0% LN IRRAINNUTIULTI
LN EIWDLAZ N IRAGIRRINITLHINGN INALA LI NUT WML A NLTD S LALTINIINITAN
NINARAUAIANNUTIUDITWINWTRA DN b LATANHIWATLNAN TN 8 9d WA
& A . . iy aa o o o a
ATINY (Pre-sinter) naunInfaiuaudinanlulardiduzUiudmivlunsldnuai
Wuh%umu%ﬂauvlu"lmﬁﬁmummmwﬁmﬁadﬁuﬁqmﬁgﬁ 1450 BIALTALTUR 1A
NNSRAANTIFUNINSLALINUT I RUFaNLTaSLALHENIINITAT Aa Uszu1ns 19.90
asiaua LLa:Iﬁ@iﬁﬂawuLLﬁauﬁﬂﬁq@ﬁa 0.366 FINTWIRAN AIANTN 4.5 AILUNITLH

2 A a a a a o
Nuﬂﬂa“mﬂﬁw 1450 23FALTRLTYR wm’mmmmwlumimwma@w@Lmuﬁu

{ 1 [ Y [ & o [
ﬂ"li"l\‘lﬁ 4.5 A1ANNUTIVDIBHINHRAINTITLH Nﬁﬂlﬁ aagfuuazmiwﬂm'mmtm

=3 € Y aa 6
N%ﬂﬁﬂyim‘ﬂa\‘]%%\‘iﬁu“ﬁaﬂa%l%l@lsﬂ

A20819 ANAMNLDY (GPa) BBY | NMTUAGINAINITLRINTN
Fuswenafindosdn
Commercial ZrO, block 0.541 20.00
PSN 1300 °C 0.094 21.68
PSN 1350 °C 0.097 21.34
PSN 1400 °C 0.113 20.44
PSN 1450 °C 0.366 19.90

a

a A an { ] A4 4
ANTULAQ - PSN 1300 °C @8 ‘?mmwnaﬂau"l,uvl,mﬁﬁmumil,mNﬁnmnaumwmﬁqmmnu

U

1300 BIALTALTLE

wananiiinnageuaianudsvasuvelsdanauazurivalsdainanay
wadladis Usinmesss 5 lasmiadeuuninduinudanewlslasenrinwmsmnnin
LfTE]dﬁu&l’]ﬂlauﬂ%\mﬁdLLﬂzﬁ’m’]iLN’]gﬂﬂ%\iﬁqm%Qﬁ 1650 asraaldos Waiaa1ny
WD 9 GI0137971 4.6 WU'j’]@hmmLLﬁwaﬁa@Jmﬁauﬁ'ﬂﬁmaglumom

= S S : a 'Y
m’mLmeaaLﬂﬁauwaﬁumaawﬁﬁ (Human enamel) T9dlandszanas 3-5 Inznnaaa[19]
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{ 1 [ aa
G]'li']dﬁ 4.6 ﬂ']ﬂ')'l&lLL?.I\‘]‘Z]E]\‘]LLI'T’J]JE]T?%EIL?’IGI

A20819 A1aauds (GPa)
SN 1650°C (PSN 1300°C) + BG 1100°C 3.8
SN 1650°C (PSN 1300°C) + BGZ 1100°C 4.9
SN 1650°C (PSN 1350°C) + BG 1100°C 3.5
SN 1650°C (PSN 1350°C) + BGZ 1100°C 5.0
SN 1650°C (PSN 1400°C) + BG 1100°C 3.5
SN 1650°C (PSN 1400°C) + BGZ 1100°C 4.8
SN 1650°C (PSN 1450°C) + BG 1100°C 4.3
SN 1650°C (PSN 1450°C) + BGZ 1100°C 4.5
'ﬂll']ill,'ﬂ(ﬂ :

1. SN 1650°C (PSN 1300°C) + BG 1100°C @8 Tuinudananlulasdiriumsunniing
9Nl 1300 aIFLTALTHR LLﬁaﬁwmﬂmwﬁﬂé’ﬂﬂ%ﬁqnmgﬁ 1650 asrnaldus anwaRaUTe
LLﬁauaIs%ﬁLﬂ@ﬁﬂiwunWiwamﬁauﬁqmﬁﬁﬁ 1100 BIALTALTR

2. SN 1650°C (PSN 1300°C) + BGZ 1100°C @a suiudanonlulasdirinunismning
gounil 1300 asrLTALTHR LLﬁ'Jﬁ’]ﬂ’]iLN’]Nﬁﬂaﬂﬂ%ﬁE}Im‘ﬁﬂﬁ 1650 asraaLdus niwASaURe
LLﬁwaEG’EﬁLﬂmﬁmunm,mmﬁauﬁqmﬂgﬁ 1100 a9FLTaLTR

MNANTNA 4.7 wseamanTouifisudianuuivesizgiafauiinldnimisdd
(VMK) LLﬂzfﬁ@;LﬂﬁaUﬂ’m@aad (Borosilicate glass uax ZrO, 5%-added borosilicate
glass) aztfinladn dranuudsvesiaqiaieufnasasfidrlndidsanuizqadoufianly

7NN9IN1IAN

P = P ' < v - a P
A15719% 4.7 1d38uin ﬂﬂﬂ']ﬂ')']&lllﬂ\"]ﬂaﬂ')a@llﬂaaﬂﬂqqf%ﬂm']\j )

1HALARBURAD A1A3LD9 (GPa)
VMK (standard) (930°C) 4.9
Borosilicate glass (1100°C) 4.2
ZrO, 5%-added borosilicate glass (1100°C) 4.0
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49  msvdzesiaaedsvianiglanzeanlan
a’mgﬂﬁ 412 uar 4.13 LLammiﬂ%'uﬁmaa%umu%aﬂauvluvl,m@iﬂﬁauﬁ’mi'a@;
WnAauRThautualsTRINaNaNLTas Ay USunmsauas 5 arunivitaan lrauadlans
TUHAA 9 Teun wan wazlnimtion lwdSunmsosaz 0.5, 1, 2 uaz 3 lautirunuazEin
A a a -y A A @ &
MINgUnNA 1100  asaaaidus wuinTuulfniasuazanudunanniueny
USunmwuadlanzaan loe wazn1staumanaaa lIauas imnihouaaalye Usunmiauas 2
I@mﬁmﬁﬂmmmlﬁmmmﬁaaLLa:ﬂ’nm]’m’n"L@Tmm:auﬁq@ AIBUIINNIINARNDIT
mmmmﬂ%’uﬁmaoi'ﬁ@y,ﬂﬁauﬁ’svl,é’l@aﬂWSLauaaﬂvLén@i‘maoIa%: a9 s AeNNITUTY
o A A a o ~ & L oA x \ & g A o
mwmeaaamaaaluﬂsmmmnuamwﬂaimmuagﬂuaﬂmaaaﬂammaziw NatNals
[y P Aa v A o o o
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FeCl, FeCl, TiO,
0.5 wt% 0.5 wt% 0.5 wt%

1 wt% 1 wt% 1 wt%

2 wt% 2 wt% 2 wt%

3 wt% 3 wt% 3 wt%

L%

3171 4.12 i’a@]‘m‘ﬁauﬁwﬁmﬁmaIisTjamemamsﬁaﬂmﬁm USunmsasa: 5 naeadyle

6 = 6 A
saw-aan loa waz lninitioylaaanloarawnisiiiafay
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FeCl, FeCl, TiO

0.5 wt% 0.5 wt% 0.5 wt%

1 wt% 1 wt% 1 wt%

2 wt% 2 wt% 2 wt%

3 wt% 3 wt% 3 wt%

31 4.13 i’a@]‘m‘ﬁauﬁa"ﬁﬁmlﬁmaii%m@maméﬁaﬂmﬁﬂ USunmsasa: 5 naadyle

& a & 1 A A A
saw-aan loa waz lniniionlaaan loauiwnisinNamini 1100 adeLraldeas

9 U
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1A : Aaa 6 A % o A A a g
nnmMnaseui1dastunuiinoululasdinfevdisisqaieuiiriiauiive
aa a a 2 3 U 6 a 1 v 1
ls-Banansauimasliafie USinmieuaz 5 arumslieenloduadlanzoiadnsg laun
wan uazininiilen ludSinadosas 0.5, 1, 2 uaz 3 lashminuazdunanigunnd
1100  edmnwalBus wuinUsuimnsdueean loauaslanzaiadne g laun wan uaz
Tnindion aslunmvelsddinananimaslaiis YSunmiasas 5 lugsdad L uazen a
a o g A a a A ‘3/ a
(@+ = uadusza- = ) uddnaliizquafeufiafianumiasnniumuyIanm
gan kravadlanziinadly asazAnlaanal b (b+ = 1wAad waz b- = 113u) NiAuNN
£ o A
% @99157190 4.8

M1519N 4.8 AT L, awaz b maﬁaqLﬂﬁmJﬁaﬁﬁmsmﬁuaan1%ﬁmaafanﬂ%ﬂ%u1m

6119 9
Veneered samples with filler (%wt) L a b

FeCl, 82.74 -5.18 8.10

0.5 FeCl, 85.47 -6.16 7.74
TiO, 82.01 -4.94 8.25

FeCl, 83.35 -5.23 7.77

1 FeCl; 85.65 -6.13 9.35
TiO, 80.66 -4.61 11.35

FeCl, 79.38 -5.17 10.84

2 FeCl; 80.16 -6.06 12.76
TiO, 69.32 -4.68 12.59

FeCl, 74.67 -4.77 13.04

3 FeCl, 76.42 -5.19 12.44
TiO, 74.93 -5.37 13.64
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1. Bulk modulus of elasticity (Wa@aalE9331a3) : K fia dansiuvainssdanlinuisg
' , X Ada A a o ' , a
aanihipnundddanasuwilasfiunaeanagdaniindinnas

K = - Vdp/dv

2. Shear modulus (V89AFA0Y) : G fia AATIEINVBIANULALLABUGBANULATLALADY

, % L A L £ Q % 6

3. Young’s modulus (N8QARVBILI): E AB ANUTUVBILFUNIHUIAIANUFUNUS
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4. Poisson ratio (8aM&niIdwad) 1 L Ao daEIUVBINNNLAIUA LWL UT 6D
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5. Elastic modulus (Naqambiantu) e Awagaruaasnuiadlalutisbantu
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6. Microhardness (A21uul43zaU9aNa) Ao anuudsannisdalagliinauszlfus
lut9 0.0098 fi9 1.96 fhadu dnldimAundasansaiigsvenygs

7. Flexural modulus (ANAIKULIIAG) @B ﬂ'wmwuLﬁuﬁagoq@ﬁﬁﬂﬁ'ﬁ@;tﬁ@mm
\wowe vaTIenatenitduaqasuITwiaet (modulus of rupture)

8. Compressive strength (ANNNHLIIEA) A @hmwLﬁugx‘lq@ﬁi’a@lmmmwu@iaLmé'@

9. Tensile strength (AINNFIUNIULIIAG) Ad @muLﬁugaq@ﬁ%umumaauﬁ”ﬂ@ﬂums
NARDURINITDTU L6 LNINAROLLIIA
. U A =4 dl a dl s dl oI 1 A o g/
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1. Cristobalite JCPDS No. 77-1315

Pattern : 01-077-1315
SiO2

Silicon Oxide
Cristobalite low, syn

Lattice : Tetragonal
5.6.: PA1212 (92)

Mol. weight= G0.08
Volume [CDJ = 169.31

a= 4895700

c= 6.89030

Dx= 2.357

Weor= 491

ICSD collection code: 047219
Temperature factor: ATF
Remarks from ICSD/CSD: REM

Additional pattern: See PDF 39-1425 and PDF 82-1556.

Data collection flag: Mon ambient

Pluth, J.J., Smith, J.V., Faber, J., J. Appl. Phys., volume 57, page 1045 (1985)

Calculated from |CSD using POWD-12++ (1997)

Radiation : CuKal
Lambda : 1.54060
SS/FOM : F30=1000(0.0001,30)

Filter: Mot specified
d-sp : Calculated spacings

Radiation= 1.540508

60 525

823383
£o0803
IR 00 =2 = =)

PN
Bo8ag
WO I

38/

RN R aaaidn

L

D Lk kB LA DY LA L b B B3 o O b 070 e 8 e 33 FJI0 e B P ] D b LREOO.
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Lo RS NI ORI I = A) R AIRINI S A kb b kT

LIRILARIRILY

b L0k L SR R0 B B BB ) B
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2. Quartz JCPDS No. 80-2147

Patternr ; 01-080-2147

Radiation = 1540558

0-Si02
Silicon Oxide
Quartz
Lattice : Hexagonal Mol. weight= 60,08
5.6.: P3221 (154) Volume [CD] = 133.38
4
a= 515390 Dx= 2.244
Dm= 2660
c= 579810
Z= 3 Ifcor= 288

ICSD collection code: 070006
d theoretically.

Test from ICSD: Mo R value given.

Test from ICSD: At least one TF missing.
Remarks from ICSD/CSD: REM  PRE Menticned.
Additional pattern: See PDF 46-1045 and PDF 5.-480.
Test from ICSD: Cale. density unusual but telerable.
Data collection flag: Ambient,

page 489 (1991)
Calculated from ICSD using POWD-12++ (1997)

Chelikowsky, J.R., Troullier, N., Martins, J.L., King, Jr., H.E., Phys. Rev. B: Condens. Matter, volume 44,

Radiation : CuKal
Lambda : 1.54060
SS/FOM : F20=1000(0.0001,31)

Filter : Not specified
d-sp : Calculated spacings

-
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3. Tetragonal Zirconium Oxide JCPDS No. 50-1089

Pattern : 00-050-1089 Radiation = 1.540598
Zr0z 2th i
30.271 100
34812 8
35.256 12
Zirconium Oxide 43139 1
50.378 43
50.712 22
59612 14
B60.207 24
62 859 i
73467 3
74 540 a2
1974 11
82477 [
Lattice : Tetragonal Mol. weight= 123.22 gi ;gg g
S5.G.: P42inme (137) Volume [CD]= 66.71 gi%%g g
a= 359840 Dx= 6.134 95.480 ]
c= 515200
Z= 2

General comments: t-Fhase.

ple prep sclution was added to a sclution of Zr O CI2 to form a gel. The partially
dried gel was slowly heated to 600 C under nitrogen, then quenched to room temperature.

General comments: Tetragonal phase is stable between 1170 C and 2370 C.

General comments: Paltern taken on metastable phase at room temperature.

Additional pattern: See ICSD 85322 (PDF 88-1007).

Data collection flag: Ambient.

Malek, J., Benes, L., Mitsuhashi, T.. Powder Diffraction, volume 12, page 96 (1987)

Radiation : CuKa1l Filter : Beta
Lambda : 1.54051 d-sp : Diffractometer
SS/FOM : F18=55(0.0136,24) Si

SO DA OMNADDA0aDD T
L T B T e
NAEONA WO BNSWONMON = o




4. Monoclinic Zirconium Oxide JCPDS No. 37-1484

Pattern : 00-037-1484

Radiation = 1.5405598

Zr0z
Zirconium Oxide

Also called: zirconium dioxide, Baddeleyite, syn, zirkite, zirconia

Lattice : Monoclinic
S.6.: P21/a (14)

Mol. weight= 123.22
Volume [CD] = 140.70

a= 531280 Dx= 5817
b= 521250 beta= 99.22

c= 514710

ab= 1.01926 Z= 4 Iicor= 260
ch= 098745

Sample source or locality: Sample was obtained from Titanium Alloy Manufacturing Co. (1990) and was
heated to 13007 for 48 hours.
Analysis: Spectrographic analysis showed that this sample contained less than 0.01% each of Al, Hf and
Mg and between 0.1 and 0.01% each of Fe, Siand Ti.
Structure: The structure of Zr 02 (baddeleyite) was determined by MeCullough and Trueblood (1) and
confirmed by Smith and Newkirk (2).
Polymormphism: There are a number of polymorphic forms of Zr O2 stable at different temperatures and
pressures

0 of data coll The mean temperature of the data collection was 25.5°.
Ad’d’mﬂnalpanem. To replace 13-207 and 36-420 and validated by calculated pattern 24-1165.
General Pattern revi d by Holzer, J., McCarthy, G.. North Dakota State Univ., Fargo,
North Dakota, USA, ICDD Grant-in-Aid (1990). Agrees well with experimental and calculated patterns.
Additional weak reflections [indicated by brackets] were observed.
Color: Colorless
Additional pattern: See |CSD 18190 (PDF 72-1669); 15983 (PDF 72-597); 26488 (PDF 74-815); See
ICSD 60903 (PDF 78-50).
Data collection flag: Ambient,

McMurdie, H., Morris, M., Evans, E., Paretzkin, B., Weng-Ng, W., Hubbard, C., Powder Diffraction, volume
1, page 275 (1986)

CAS Number: 1314-23-4

Radiation : CuKa1
Lambda : 1.54060
SS/FOM : F30=111(0.0073,37)

Filter : Monochromator crystal
d-sp : Diffractometer
Internal standard : Ag FP
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5. Zircon JCPDS No. 83-1374

Pattern : 01-083-1374

Radiation = 1.540598

ZrSi0s

Zirconium Silicate
Zircon

Lattice : Body-centered tetragonal
S.G.: 141/amd (141)

Mol. weight= 183.30
Volume [CD] = 260.80

a= 660420 Dx = 4.668
Dm= 4600
c= 587960
Z= 4 eor=5.02

ICSD collection code: 100239

General comments: Cell after pressure release (48 kbar): 6.6027(2), 5.9776(5), compr. coeff.. a: 0.00106
(2). c= 0.00057(2)/xbar.

Remarks from ICSD/CSD: REM  PRE Menticned.

Additional pattern: See PDF 76-865, 80-1807, 80-1808, 80-1808,81-589 and 6-266.

Bond distance: Mean T-O: 1.623.

Test from ICSD: Calc. density unusual but tolerable.

Data collection flag: Ambient.

Hazen, R.M., Finger, LW., Am. Mineral., volume 64, page 196 (1979)
Calculated from ICSD using POWD-12++ (1987)

Radiation : CukKa1
Lambda : 1.54060
SS/FOM : F29=201(0.0044,33)

Filter : Mot specified
d-sp : Calculated spacings
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Abstract

Silicon nitride (Si3N4) ceramic is a potential material for clinical indications due to its
properties related to high fracture toughness, strength, wear resistance and non-cytotoxicity.
For this reason, Si3N4 ceramic is interested to apply for dental core material. In this study, the
white SisN4 ceramic was fabricated by pressureless sintering at relatively low sintering
temperature of 1650 °C in nitrogen atmosphere. The superiority of SisN, ceramic is the low
coefficient of thermal expansion (CTE) which is lower than that of zirconia and alumina
ceramics that are popular in this field. Therefore, the CTE of veneering material must be
similar to that of Si3N4 ceramics. The borosilicate glass was selected for coating and painted
on the Si3N4 core surface by reasons of its compatibility in thermal expansion, high chemical
resistance and bio-inert. The specimens were then fired in electric tube furnace at 1100 °C.
The experimental specimens were tested by human gingival and periodontal ligament
fibroblasts (HGF and HPDLF) and cytotoxicity by MTT assay. The results indicated that
Si3N4 ceramic and borosilicate glass can used as dental materials.

Introduction

Si3N4 ceramics have long been widely used in engineering applications for cutting tool
and/or component of engine, bearing, etc. Its properties are high fracture toughness, strength,
hardness and wear resistance. In addition, SisNs ceramics are attractive materials in
orthopedics and prosthetic implants such as knee and hip-joint replacements'” owing to its
physicochemical behavior and biocompatibility. Therefore, these ceramics are capable of
responding requirement. Moreover, SisNs ceramics have chemical stability and wetting
properties'”. The wetting properties are positively affect on adhesion of the core-veneer
interface.

Over the past several years, dentures were made of metal such as NiCr alloy and Cu.
The main problem is that metal ion released from this alloy reacts with oral tissue. Patients
can be affected in terms of toxic metal oxide and metal alloy allergy such as inflammation,
swelling and bleeding®. Another main drawback is the metallic color. Since patients have
become more worried, the demand of non-cytotoxic and aesthetic restorations has
tremendously increased. All-ceramic restorations have been developed for pleasing
requirements. Presently, Yttria-stabilised zirconia is the commercial dental material due to its
strength and fracture toughness but its lack of long-term stability. Several reports indicate that
the water radicals penetrate the interior zirconia lattice in humid atmosphere resulting in the
formation of tensile stresses in surface grains. It leads to destabilize the tetragonal phase
and risk to failure in future.”) Si3N4 ceramics are better reliable in structure. SizN4 ceramics
are preferred candidate for industrial engineering. However, Si;N, ceramics have not been
found in any researches or works in side of the dentistry. The main reason is that the obtained
products are rather dark or grey color.



The authors have achieved the white color and high density SizN4 ceramics thereby
pressureless sintering at rather low temperature as 1650 °C in nitrogen atmosphere.® In this
study, the white Si3N,4 ceramics obtained through this procedure is to apply for dental core
materials. As for the veneering material coated onto the core surface has to match or work
together. The borosilicate glass is employed to be the veneering material owing to its
compatibility in thermal expansion. Furthermore, the borosilicate glass has chemical
resistance and bio-inert and can easily change its color by adding metal oxide in order to be
suitable to each patients. The one significant property of dentures is non-cytotoxicity. Several
previous reports indicated that silicon nitride ceramic can be used as biomaterial. Silva, C. et.
al. studied that Si3N4 implants were kept into rabbit’s tibias for 8§ weeks. The bone growth can
form around Si3Ny implants.(7) Kue, R. et. al. studied the biocompatibility of the polished and
unpolished Si3N4 in an in vitro model using the human osteoblast-like MG-63 cell line. The
polished SisNy support bone cell growth and metabolism.® Thus, SisN4 implants are non-
toxic material and attractive candidate for clinical use. This study aim is to investigate the
biocompatibility of SizN4 and borosilicate glass specimens by MTT assay cytotoxicity testing
using human gingival and periodontal ligament fibroblasts (HGF and HPDLF) cell culture.

Material and methods
Preparation of sintered SizN,4 discs

The starting materials consist of high purity a-Si3N4 powders (particle size 0.8 pm, SN
E-10 grade, Ube Industries, Japan) with Y,Os3 (RU, Shin Etsu Chemical, Japan), SiO, (KE-
P30, Nippon Shokubai, Japan), and MgO (MJ-30, surface area 31.7 m*/g, Iwatani Chemicals,
Japan) as sintering aids. The weight ratio of silica:magnesia:yttria is 3:3:5. Mixture was ball-
milled using ethanol (99.9 %) as a medium for 24 h in a polyethylene bottle with silicon
nitride balls (SUN-12, diameter 5 mm, Nikkato Corporation, Japan). Subsequently, the
mixture was added in polyvinyl butyral (PVB 630, mineral 75% and viscosity 50-70 cP) by 1
%wt. The homogenized mixture was dried at 60 °C in rotary evaporator. Dried powder was
then sieved through a 100-mesh sieve. The mix powder was formed by hydraulic pressing at
50 MPa and binder burnout at 600 °C for 1 h in air. Specimens were pre-sintered in a BN
crucible at 1450 °C for 2 h under 1 atm of N, gas flow (2 I/min) before machining to be
artificial dental core shape. Subsequently, the machined specimens were sintered again at
1650 °C for 2 h in nitrogen atmosphere. Sintered Si;N4 discs were measured bulk density by
the Archimedes method using water.

As for veneering material, borosilicate glass (<150 micrometer, Pyrex) was mixed with
5 %wt of zirconia powder (3 %wt Y,0; - partial stabilized zirconia) and 30 %wt of polyvinyl
alcohol (5 %wt solution) into paste. Paste was painted onto specimens. After that, specimens
were fired by electric tube furnace in air at 1100 °C. The hardness values were performed by
Vickers hardness tester (HV-50A, Laizhou Huayin).

Cell culture and reagents

Human gingival and periodontal ligament fibroblasts (HGF and HPDLF) were obtained
from caries-free third molars with the patient’s informed consent. The teeth were washed
with 70% ethanol and sterile phosphate buffer saline (PBS). The gingival tissues were gently
removed from cervical area and the periodontal tissues were scraped from middle third of the
roots by sterile surgical blades. They were cultivated in Dulbecco’s modified eagle medium
(DMEM) (Thermoscientific, USA) supplemented with 10% fetal calf serum (DMEM-FCS), 2
mM L-glutamine, 100 IU/ml penicillin G, 100 IU/ml streptomycin. The media supplements
were from Invitrogen, USA. Cultures were maintained at 37 °C in 5% CO, atmosphere. After
the outgrowth cells reached confluence, they were subcultured into new culture dishes. HGF




and HPDLF from passage 3-5 were used in the experiments. MTT (3-(4, 5-dimethylthiazol-2-
yl)-2, 5-diphenyltetrazolium bromide) was from Sigma, USA.

Cytotoxicity by MTT assay

Cells (150,000 per well) were plated in 6-well-plates in DMEM-FCS in the presence of
6 types of discs (blank: control, VMK: veneer (standard), ZrO,: core (standard), borosilicate
glass: veneer, 5 wt% ZrO,-added borosilicate glass: veneer and SisNg: core). After 48 h
incubation, photographs were taken and the discs were removed by sterile forceps. The media
were changed to fresh DMEM (1 ml per well). One hundred pL of MTT solution (5 mg/ml in
phosphate buffered saline) was added to each well and incubated for an additional 30 min at
37 °C. The media were then discarded and colored formazan product was dissolved in 1 ml of
dimethyl sulfoxide (DMSO). The plates were gently shaken for 10 min and optical density
was read at 550 nm.

Results and discussion

The obtained sintered Si3Ny4 discs perform the white color as shown in Figure 1. Thus,
the white sintered SizsN4 ceramic is appropriate for the core material. Average relative density
value of Si3Ny discs is more than 95.11 % by Archimedes method.

Figure 1 The physical feature of the white sintered Si3N4 discs

The one important thing in real application is the hardness value of the dentures. The
human teeth can damage or deteriorate, if the dentures have too hard, The Vickers hardness
values were calculated from each specimen using this below following equation.

_ 1.8544(9.807P)
- a

HV

HV is the Vickers hardness value, P is the indentation load (P = 1 kgf) and d is the
average diagonal length that calculated by the two diagonal lengths of the indentation. From
Table 1, The Vickers hardness values of borosilicate glass and ZrO, 5%-added borosilicate
glass are similar to that of VMK which is the commercial veneer. All these values are close to
the human teeth (3-5 GPa).””

Table 1 Vickers hardness values of the veneering materials

Veneering Materials Vickers Hardness (GPa)
VMK (standard) (930°C) 4.9
Borosilicate glass (1100°C) 4.2
710, 5%-added borosilicate glass (1100°C) 4.0




The bar graph of specimens is illustrated from the figure 2 and 3. There is no visible
difference between cell retrieved from control and specimens (VMK: veneer (standard),
ZrO;: core (standard), borosilicate glass: veneer, 5 wt% ZrO,-added borosilicate glass: veneer
and Si3N4: core). We suggest that specimens are biocompatible materials. The high

mechanical performance would minimize dental failure.
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Figure 2 The cytotoxic testing of specimens by gingival fibroblast
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Figure 3 The cytotoxic testing of specimens by PDL



Conclusion

The white sintered Si3N4 was obtained by pressureless sintering at rather low sintering
temperature of 1650 °C. The borosilicate glass and 5 %wt ZrO,-added borosilicate glass as
veneering material have similar hardness values with VMK as commercial veneering
material. These values are also range in human teeth (3-5 GPa). From cytotoxic testing, the
results indicated that the Si3N4, borosilicate glass and 5 wt% ZrO,-added borosilicate glass
are non-toxic. Therefore, these specimens can be used as dental materials.
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Abstract. Silicon nitride (Si;Ny) ceramic is a great candidate for clinical applications due to its
high fracture toughness, strength, hardness and bio-inertness. This study has focused on the
Si3N, ceramic as a dental core material. The white SisN, was prepared by pressureless
sintering at relative low sintering temperature of 1650 °C in nitrogen atmosphere. The
coefficient of thermal expansion (CTE) of Si;N4 ceramic is lower than that of Zirconia and
Alumina ceramic which are popular in this field. The borosilicate glass veneering was
employed due to its compatibility in thermal expansion. The sintered Si;N, specimens
represented the synthetic dental core were paintbrush coated by a veneer paste composed of
borosilicate glass powder (<150 micrometer, Pyrex) with 5 wt% of zirconia powder (3 wt%
Y,0; - partial stabilized zirconia) and 30 wt% of polyvinyl alcohol (5 wt% solution). After
coating the veneer on the Si;Ny specimens, the firing was performed in electric tube furnace
between 1000-1200 °C. The specimens fired at 1100 °C for 15 min consisting small amount of
cristobalite which is the effect of zirconia addition. The veneered specimens show good
bonding, smooth and glossy without defect and crazing. The veneer has thermal expansion
coefficient as 3.98x10-6 °C”, rather white and semi opaque, the Vickers hardness as 4.0 GPa
which is closely to the human teeth.

1. Introduction

Si3N4 ceramics are used in various applications. Their structural engineering products are capable of
responding requirement. Its properties are high fracture toughness, strength, hardness and wear
resistance. In addition, Si;N4 ceramics are attractive candidate in orthopedics and prosthetic implants
such as knee and hip-joint replacements[26]] owing to its physicochemical behavior and non-
cytotoxicity. Furthermore, Si;N, ceramics have chemical stability and wetting properties[27]]. The
wetting properties positively affect on the adherent at the core-veneer interface. However Si;Ny4
ceramics have not been found in any researches or works in side of the dentistry. The reason is that
the obtained products are relatively dark or grey color.

In the past, dentures were made of metal such as NiCr alloy. Metal ion released from this alloy
reacts with oral tissue. The symptoms of patients have adverse effects from toxic metal oxide such as
inflammation, swelling and bleeding[1]]. Since patients have become more worried about toxic and
metallic color, the demand of aesthetic restorations has tremendously increased. All-ceramic
restorations have been developed for pleasing requirements. Yttria-stabilised zirconia is the ceramic
gold standard in term of strength and fracture toughness. However, Several reports indicate that the
water radicals can penetrate inside the zirconia lattice under humid atmosphere[6]] resulting in the
formation of tensile stresses in surface grains. It leads to destabilize the tetragonal phase[25]] and risk
to failure in long time. Si;N, ceramics are better reliable in structure. Therefore SizNy is preferred
ceramic for industrial engineering.



The authors have achieved the white color and high density SizN, ceramics thereby pressureless
sintering at rather low temperature as 1650 °C in N, atmosphere[7]]. In this study, the SisN4 ceramics
were fabricated by this procedure for dental core materials. As for the veneering material coated onto
the core surface has to match or work together. The borosilicate glass was investigated as veneering
material owing to its compatibility in thermal expansion. Furthermore, the borosilicate glass has
chemical resistance, bio-inert and can easily change its color by adding metal oxide in order to be
suitable to each patient.

2. Experimental procedure

The starting materials consist of high purity a-Si;N, powders (particle size 0.8 um, SN E-10 grade,
Ube Industries, Japan) with Y,0; (RU, Shin Etsu Chemical, Japan), SiO, (KE-P30, Nippon Shokubai,
Japan), and MgO (MIJ-30, surface area 31.7 m?*/g, Iwatani Chemicals, Japan) as sintering aids at a
weight ratio of silica:magnesia:yttria as 3:3:5, respectively. Mixture was ball-milled using ethanol
(99.9 %) as a medium for 24 h. Subsequently, the mixture was added in Polyvinyl butyral (PVB 630,
mineral 75% and viscosity 50-70 cP) by 1 wt%. The homogenized mixture was dried at 60 °C in
rotary evaporator and then sieved through a 100-mesh sieve. The mixed powder was formed by
hydraulic pressing at 50 MPa and binder burnout at 600 °C for 1 h in air. Specimens were pre-sintered
in a BN crucible by vary temperatures (1300-1450 °C) for 2 h under 1 atm of N, gas flow (2 I/min) in
order to find the appropriate hardness before machining to be artificial dental core shape. After that
the shaped specimens were sintered again at 1650 °C for 2 h in N, atmosphere. Sintered Si;N, discs
were measured bulk density by the Archimedes method using water.

As for veneering material, borosilicate glass (<150 micrometer, Pyrex) was mixed with 5 wt% of
zirconia powder (3 wt% Y,0s; - partial stabilized zirconia) and 30 wt% of polyvinyl alcohol (5 wt%
solution) into paste. Paste was painted onto specimens. After, specimens were sintered in air
atmosphere by vary temperatures (1000-1200 °C).

The CTE values of specimens were identified by Dilatometer (402C, Netzsch). The hardness
values were performed by Vickers hardness tester (HV-50A, Laizhou Huayin). The cristobalite
crystalline was identified by X-ray diffraction (D8-Advance, Bruker). The core-veneer interface was
indicated by scanning electron microscope (JSM-6480LV, JEOL).

3. Results and discussion

The SizN, specimens were fabricated by pressureless sintering at relative low sintering temperature of
1650 °C for 2 h in N, atmosphere. The obtained specimens were relatively whiteness which was
appropriate for core material (Fig.1a and Fig. 1b). Average relative density value of Siz;N, discs was
95.11% by Archimedes method. The borosilicate glass and ZrO, 5%-added borosilicate glass are act
as the veneer. The coated Si;N4 specimens were performed in electric tube furnace between 1000-
1200 °C for 15 min. The appropriate temperature for firing veneer was at 1100 °C because this
temperature can provide smooth and glossy without defect and crazing (Fig.lc and Fig. 1d). There
were some defects such as crazing, flaws and immature glaze on the veneer surface at lower
temperature (Fig.le and Fig. 1f). Glaze was over-fired at higher temperature resulting in creating lot
of bubbles (Fig.1i and Fig. 1h). Moreover, adding zirconia in borosilicate glass can improve little
more whiteness and opaque.



Figure 1. Appearance of Si;N, were sintered at 1650 °C for 2 h in top-view (a) and side-view (b).
The Si;N, coated with borosilicate glass through firing at 1100 °C (c), 1025 °C (e) and 1150 °C (h)
and ZrO, 5%-added borosilicate glass through firing at 1100 °C (d), 1025 °C (f) and 1150 °C (i).

From the CTE results , SisN, (core), borosilicate glass (veneer) and ZrO, 5%-added borosilicate
glass (veneer) were fired at 1100 °C for 15 min in air atmosphere. These experimental specimens
compare with VMK (veneer) which is the standard dental material as illustrated in Figure 2. The CTE
value of Si;N, was close to borosilicate glass and ZrO, 5%-added borosilicate glass. Therefore, two
types of veneers can adhere onto Si;N, surface without crazing and peeling (Fig. 1c and 1d). In
addition, The CTE values of the experimental specimens are lower than that of VMK. Hence the
experimental specimens have higher thermal shock resistance.
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Figure 2. The CTE graphs of Si3zN, (core), borosilicate glass (veneer) and 5%ZrO,-added borosilicate
glass (veneer) compare with VMK (veneer).

The hardness value of dentures should be substantially concentrated. Hardness is the mechanical
behavior representing material resistance. The Vickers hardness values of borosilicate glass and ZrO,
5%-added borosilicate glass were 4.2 and 4.0 GPa, respectively. These values are similar to Vickers
hardness values of commercial VMK as 4.9 GPa and range into the human teeth (3-5 GPa)[19]].



The fabrication of dentures requires a machinable method to be an artificial dental core shape
before lastly sintered SizN4 specimens. The suitable pre-sintered temperature should be considered. In
this study, the commercial ZrO, block is the standard. The hardness and linear firing shrinkage
percentage (1400 °C) of the commercial ZrO, block are 0.541 GPa and 20% respectively. At 1450 °C,
Firing shrinkage of Si;N4 specimens was 19.90% which closed to a commercial ZrO, block (Table 1).
Their hardness was 0.196 GPa.

Table 1. Vickers hardness values of pre-sintered Si;N, specimens (1300 °C, 1350 °C, 1400 °C and
1450 °C) and firing shrinkage percentage of sintered specimens for core materials.

Materials Hardness values (GPa) %Firing shrinkage
(Pre-sintered) (Sintered)
Commercial ZrO, block 0.541 20.00
PSN 1300 °C 0.094 21.68
PSN 1350 °C 0.097 21.34
PSN 1400 °C 0.113 20.44
PSN 1450 °C 0.366 19.90

4. Conclusion

The white SisN4 specimens were pre-sintered at 1450 °C for 2 h in N, atmosphere and have the
hardness value 0.196 GPa for the appropriate hardness in the milling machine. After sintering 1650 °C
for 2 h, the firing shrinkage percentage is 19.90% which is closed to commercial ZrO, and the relative
density as 95.11% by Archimedes method. The Si;N; specimens coated with 5%ZrO,-added
borosilicate glass through firing 1100 °C for 15 mins has CTE 3.98x10° °C™', rather white and semi
opaque. Adding zirconia in borosilicate glass can improve appearances such as less crazing and a
smoother surface. Zirconia affects the reduction of cristobalite crystalline phase. Their Vickers
hardness value is 4 GPa which is closed to the human teeth.
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