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[Abstract]

Purpose: The objective of this study is to find out physical properties and the flexural strength changed by the low
temperature degradation of the block which is needed to make bio-prosthetic dentistry which is better than feldspar
affiliated ceramic made by building up ceramic powder and also to apply this to the clinical use of zirconia
monolithic all-ceramic crown.

Methods: Flexural strength of each sample was evaluated before and after the Low Temperature Degradation ,and
physical properties of the Tetra Zirconia Block containing 3mol % was evaluated as well.

The average and standard deviation of each experimental group were came out of the evaluation. Statistical
package for social science 18.0 was used for statistics.

Results: The average density of the monolithic all-ceramic crown was 6.0280+0.0147g/cm, the relative density
was 99.01 %. When the sample was sintered at 1480°C the diameter of average particle was 396.62 +33.71nm. All
the samples had no monolithic peak after XRD evaluation but only had tetragonal peak. There were statistically
significant differences in the result of flexural strength of the samples evaluated after and before the low temperature
degradation, the flexural strength before the low temperature degradation was 1747.40 8A, at the temperature of
130°C the flexural strength after the low temperature degradation was 1063.99 MPy(p<0.001). There was statistically
significant difference in the result of strength of 1020.07 M after the low temperature degradation at the
temperature of 200°C (p<0.001).

Conclusion: The block which was made for this evaluation possesses such an excellent strength among dental

restorative materials that it is thought to have no problems to use for tetragonal zirconia polycrystal.

o Key words : flexural strength, monolithic all-ceramic crown, TZP, zirconia block
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Al 4=22 Al2b) A(ceramics) 8 HlEEA B &
= Qojun oA} FHAgoR FAE Uyt
o7 Arrt w3 3kehA Eadd Aol Sl
(Anusavice, 2003). F3F Aleju]A0] 3}ata obHAlS
Bt} SAEo] AEShE 4 ol S5 o] F
To® Qg i =0l glo] St AAA S YE
W, Mz AL g W YR Aoz Qlgh
2 EAE A AN o5 Ar B4l 4]
Hoh(Anusavice, 2003; Powers & Sakaguchi, 2006).

&y Alepg e w4, S8 (polymer) 2t 22 £19
of thgt AAgwE ol EVFs3h, 34 (brittleness)o] 3
1, W2 QA8 (tensile stress)©] 2Hg-5to] £A 1Hd
o] dojub= AR W FEAEN AEHE
Aehkar QlckKelly et al, 1996), 27]12] 2|28 a2y
FEAE g3E f22 =4 (glassy porcelain)Z AR
ol gov, A =4 pEElE 7144 §40] F
ofsto] 17 ollA @2 AR o= QlSich 244w
g =R o]-§H A2 Weinstein 5(1962)0l 23]
Aoz 2 9SS Holx= FAOE(leucite,
KAISi20s) 278+ ¥rohe =A7F /N A a5
At A5 A3 metal-ceramics system©] =4 =
e, FE-AlRt s HE2 Auldo] HojuHA &
Alo] IHEAFAE FHoutHCoornaert et al, 1984). 3}
ARt &}R0) 733} F&oA dojubs MAR 559 =
=, a5 Aletaete] Aty S5 S] St
Ofgh 2| & 20 WA EErAof ofgh Blo] xjet vt

At dojus BEESY ¥R F7F 9 2R A 9
E So] EAFOR AAFHIL gloy
(Yamamoto, 1987; Piddock & Qualtrough, 1990),
FFEE ANEE T35 2% (coping)> T2 oA
Aoh= S (wax) e (pattern)e] HE, oj=x)o] B3¢
W o 24, S50 EA Afe] 9] ¥ F2AT I
nhe] dup 5o HolA W2 ofEs ¢ =5
(Anusavice, 2003).
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al, 1998), 53] 2|5 1144 ':ﬁl/\«]x]«] Agoll= Azt
o]t Campbell & Sozio, 1988; Nakamura et al,
2002). ofofl F1} RF2 JIFAEE JHASH ] flsl dF
t| U (aluminum oxide), ‘@Ewer (leucite), 2l& tholAg]
Aol E(lithium disilicate), A2FZ Yo zirconium
oxide) 5 ©l-83t Zely =A7F AfE o] ME=A 4
EEo| A2 TdaeE Hak ofugt A H4x0)7] o
7HA] AEHE WAL et ol=et A F A =
A= wde ddsto] 7Y 2 =rF a5E =)
P & et QS e A=Y ot 51
UHGuazzato et al, 2004).
A2Fd Yol SAYA FEQl Hid Y ojotolE
(baddeleyite, ZnO24, 4t} #4x(SiOe) 2} 3ta ol&
Zircon(ZrO, SiOp)l.2 EAst=d|, AYggoz oj=
A2 Yote] RS FARRE YA|Eo] dojZich
A 2F o= 315HA oAl H1A eHAE Holw kg
(polymorphic) & Ao] Al WAsh= Al &g o] 9f
3l 29 ZgYe Ao 7]1&9] ZAof sl w2 ==
9 947 S 28 QIck(Piconi & Maccauro, 1999).
o4 ABFA Yok =7} gt webal 1,170T7k
A= TARY (monoclinic), 1,170°CZ24E] 2,370 C7HA] =
% (tetragonal), 2,370 CZHE H=521 2,680T7F
A= A7 (cubic) o2 EASHY, =5 W2H oA
AWA, AGA Ay Aoz A rE dojdtt
(Christel et al, 1989). 53| F¥Fd& %= A& 72
oM} 2|23 YOoHPSZ, partially stabilized zirconia)
a} Sh | 1504 Y032 718k A]—ioﬂ A AR AbIE

S 2= PSZE 9 4 dEd), oA AW A2ay
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0} A A (TZP, tetragonal zirconia polycrystal)2kal

(Rieth et al, 1976). o|2fet TZP= 2|78 A2
A=ol 3 (coping) FE| = A= =H, sHiof A =54
o} Fo)(core)Q} ALY EAZA O F o] Eofa] A 74]@1
o] =AE AEA W or Ao A5k AlAkskaL



AT A EHE A2 A5 TZP G F=

e I R B 2l (Chen et al,

1999), dvr3 P = A 25t
CAD/CAM(computer—assisted design/computer—
assisted manufacturing) A|A8E o83 A3k 7]
TERT AR WAL Bl ARL 5 He,

A zso} A4 ATARE REE A2HE 2 YEtE
abutment& A2, O77|7] 5 U ZEH S0 T
gk 54 9] ‘C07050.01 E4F 7ha& A=Al 9

€20040.01 |2 YSTHE A 25 ol == A
254o} Ao} Algrolth(A e 1A A2010-91%), 2
A& ol 21} HAHof foLo] 1d 527} Aksal opkzt
Aol ek A%, Bate] Huld ae) S St e
8747 270) Walo] ufet A2 Hohzr0) REES 1

AR=AT £

o BAT ALGS} F RG] B AT

-
yul

it

= AAAE At slo St A ahg AAEEE
Azt dagt Ttz ARE=AT block e 24 AoF
(201D9] A|=sYo} 24 A= 2| F7} o] =2l
A AR A2 Yol 24 Aaf=e] Fe - S8hA &
A dse B7Phs d 2adt 35ARe 7
w3t
A A|2010-91%) 0] w2} U= (density), B+
AtA7(average grain size), TAFAIL} 44 49
A& E-&(monoclinic & tetragonal phase volume
fraction), #< &)
g A3 I siglon, & A4E 5
3 A2y of thdtx MRS Y Bl =

2 1, Azauot A9 BAS A 1% U

Gl

Hko.

(HoF

Y3Hlow temperature degradation) 4!

= O
o= MY

83 Anl BREAR7} 24 WA glon o] 7 L3 Sy H“‘# Az3 o} Alaae] g £
12% o139 =& AFES HolaL JIthA o, 2011). o Sle AR 7|dE,

A G AREABE A AAF R A oA
of 9lom, iz Fefe block?t ¥HAZAFE) 9] block
of ArElar gl ¢ 42H A2l block> 7+ I H Y
I & u|g] 2F 223 blocke.2H HE7t =11, 7}
¥ o] BonR tolofru3 e AMgstel YA 1 HB MR
of AAA BAtolo s, MM LEM ST ) SR
785 /4ol & Qlal chippingo|y wgo] BAE 4= 1S 2 A oA Y2037} Smol% §H-a3 AW 2|25
ug F4vbgol @PEh DB HAF § %] ¢l of HAH TZ-3Y UL 2= Agsigon] A=
©ong Folcore)?] AGAUES} S48l HAA A2 o] 7] EAL (Table 13} 2
oo ulshA ZEet FHwst ok vk, w4
A 2230} blockS 71MAE & Ao A bt Table 1. typical specifications of yttria stabilized zirconia powder
273 202 23 (chalk) AHE|] el”o|ma 7} material unit LOT Data method
2 g0] Wotx A7ke] BEEM. A 71T B ZrOztHfO2 % 942 XRD
1,350~1,500 H9lolA] 225k 20~30%2] A4 o L) XRD
Szo] Qojur] wehe] BAES 2] Heh blocke] o k08 O
% AL AZEA e} Aol wollE] £F pom 39 e
2R U AL, 220 UR Lo A om0 1P
2Jo] 2thsHcoarsening)£lo] 71414 4o] sk material unit LOT Data  method
sk mah wk A7 Sl sk olare] Hw loss of ignition % 3.2 1050°C~2Hr

’ ’ specific surface area m/g  16%2 B.ET.

blocke] WeeiAA 748 Bde] olxng T green density g/ert 284 1t/ent
7heol e, g A=svote] HsiA fired density gl 6.05 1530°C
b RAL s E AT eE A, 201D, particle size, grain size:(Dso)  um 0.3

2 Aol A A £3E block =AE F/dsto] A4t
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3Y-TZP AHE& A=x3l7] Y3t 500cc jarol
zirconia ball 900 g= ¥, zirconia powder 100 g¥}
2wt%2] PVAE binder2 F7}stil, EAM|Z ofehe:
150 ccE ¥ olAl 24417t ball millingS 8}t

i

=
AstA 23te &9 (slurry)= EFARZAQL
—1000(EYELA Co., Japan)< AREste] Az £
, 80mesh B8 ol§3to] 35t 43

H|3 ]'Oj‘:} dojz] LS 7FE 20mm, A2 14mm
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(CIP: cold isostatic press)s}od *é"%]/%]'g] o =+t
HAsHAHFig, D. A%l 2 AFAY ~4&
7|2 (Lindberg blue furnace, Lindberg Co., USA)
o]-85to] 400C7H] 1T/ min®] HEZE F-2A7|H, 24]
7k , 1630C7HA| 5-238t0] S0l A 2417F
A & A-2(21~23C)7HA] 23t

e ne

8] 5t =

Fig. 1. specimen

SHUFAE MBI (monolithic all-ceramic
crown) block2| &g

1) 2 =(density)

7 2A 02 Al 2 die 545 5l o= v
AH(ISO 18745, 2007)& AHEsIoH, o|2dr=
3Y-TZP9] 0|29 % 6 08g/ai's AMESIATE, AZAA ]

U= E42S(BP221S, Satorius, Germany)oll
densito—kit(BP221S, Satorius, Germany)< “2Fs}o]
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A9 g7] Fo FAIW)L} 452 FAI(W2)E S5}
Zo] Y= 95 T 279 3
= Ak%é‘ [, - Al%i 3 5Q SHsto] Htgk

ds=[W1 X (d1 — do) / (W1 — W2)]+da
Wi 7] 52 A, We:
%, do: 5719 HE)
Z|EH o2 SHE Uro) o2 UL E g/’ THE
Aletal, A =g % T2 Ao Tof

)

T A, dir HA o

2) B UK [(average grain size)

H+PAL7= HlEE ARE AR T S
E % {13k ISO 13356(2008) Q15 A W& ASTM
E112(2010) Al@Ho 2ASH, vhl#2s 25y
of 249 7|AIH ERCEE, 4, A3}, F2EA)

@c’ﬂ OIE
ol ol 9lA YEE T, AR £ALERL 50T
S 1480°COl A 587 7kAdte] etching 3T

etching 271 Z17F9] A 251Uo} 70| 4o whe}
AA3h=t, etching®] B AlE-2 23] A& wj7}A]
24A7FEQE AZ7)0 A Bt & Al FARAAKE |
73(S-4700, Hitachi, Japan) &T]of] F2Fekal njA|x
£ skt

OAE R FAPAAFE NS o] 8ato], S AR

:l:‘.

FHo| FARSt] A|RA] AT o|AHAE HET)H
L gk ]_Q_iJ,]—ZL’@‘]_OﬂOEq ZF A9 o A2 T2 Hol 5
2 o)l sl SAsk= 4 H(linear intercept

Act
method)& °©]-&3lo] 2250}
size)= 75} ct,

A (linear intercept method)

2719 9% (grain
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g AL HE A2 $13 TZP 912 AR AT £

/el A He] Zof7k L}l 871] g Skat Al
dH TE 1]0451, ojuf M Sof7ke ARt HlaL 2
o

Fom Tof u2 AL o2 2t

o

reol
1

Wi

rr

4o L
MNi
1A A oo Hat
L: A 4ol &
Ni: A4S 489 & 4 (EA= A2 Al9)
M :H8

3) HAFEAIRE FHEA A2 MAEE(monoclinic &

tetragonal phase volume fraction)

AP AL A A ] AAEE&S ISO 13356
(2008) Q1% TFAol w2 ASTM F 1873(1998) A& H el
oA X-A 3HE47](CN2013, Rigaku, Japan)
data®l €3¢} polymorph method(Ronald C, Patrick S,
1972)5 3L skGich AlEo] #HS 15um~20um—4 tho]
oFEE AHulRfE polishingdhil,
lefractlon(XRD ZAo % @Lfﬂ' A715 = 3

= Xé%@b}ﬂ Kl i —-0534°] 7]=% X-4
34 HS 7R = E}/\P‘é A}(tetragonal phase),
JCPDS 37-1484°l 7]&H X-A1 34 djelS 71A= 4
" AHmonoclinic phase) JCPDS 7F=7} HQ3h, 1
of w2 AL T} A

Xm = [ + 1/ T+ 750+ T)] X 100

Xm: TAMY &

["u: JCPDS 37-14840] 7|5 TARY 4] 7= ()
20 = 31.468

"1 JCPDS 37-1484¢°] 7]&% ©APE 4] 7% (w),
20 = 28.175

I'u: JCPDS 14-05349] 7% WA 49 =)

4 ALE3 & FHF =] B AT

20 = 30.308

3. M2 &2 Hlow temperature degradation) &2
A2 H3h= A2 Yol 2A7F Aol A TAPg R
Aol dovle AR A2dart dojue A5
Alzduol 2A9] w7t §A3| faster, A =3Y
OP HAEY 7|4 ?%31 A FHE 98l B7tst
o, T1of w2 ¥ S

1) AIEAES

3Y-TZP 4445 IS0 6872(2008) 714l <75}
A 1.2mm(£0.2mm), 2173 12mm~16mne] TlA3 FHE) A
HZ AlAstalom, Al EH-2 30um~40ume] tholop
T AupR uletar, I T 293} Ao Fat
=5 E45k7] 93 Al 1070, 130°C2}F 200TelIA A&
A3} 5 AHe] FES 2] I3t AW 242 10744
Azx7

[l A 24417F &7t Hst i,

2

~

X
A2
m(+

(o]
=

fo

M =254E A

o] IR EE S5 S8l AlHe
omm), 217 12mm~16mme] ]2 Fe = A 2}s}
HEH2 30un~40ume] thololt= Aupajz Aufskil
AFstgen FHlE RS 2% 2970 E HAE A1
flol Sefgsith, A1 nigell= sksa AAIshe Al
70l A& 2.5mm~6.5mmel 4]FE&o] 120° 5 o|FH E9
g 2 4 A0l 10m~12mm= OlTOVFl PRt
Faen, 45s 7Iohe 69 AES 14£0.2m=
non-rigid material& A2% FEW 9of &8El F
AI7F0.05mn ]2l A/ ES ARE-SFRATE 10 N~1000
N9 3l52 £0.1 N @97 34 4= Sl WAl
7|(Instron 3366, Instron Co., Ltd., USA)E AME-3}%
31, cross—head speedE 1.5 mn/min®] =2 A&7}
eHds] ubdE o) 714 sk 7heke] AlHS] aAsk
(P, N} ol Yt sks-2 7ok ¢k Al Aol
st + 0.IN ©97HA] 71538k, Al 107 2575 9
o] Mo g WHESIGlow, T whE ZH7E(S, wr) Al
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S =-0.2387P(X-Y)/d’

St HHA=(m), PabEsHE(N), diotE oA g
Al EL—rWﬂ(mm

X = 1+v)In(ry/ra)” + [1-v)/2](ry/rs)’

Y = A+v)[1+In(ry/ry)] + 1=v)(ry/1s)

v. FFokg vl 0,252 <] 3h)
ri 17 X122 ¥ (5mm)
% 2] 9 (0. 6mm)

Aedst 59 2245 SA5] el Al A

o] A9 H-E 30um~40ume] tho]ol @U}xﬂi o
upstal, AAE & E8lE AlEE 342 (C-WBI,
CHANG: SHIN SCIENTIFIC Co., Korea)oll ¥¢] 130T
£27T, 200C£2TolA 24417t 58 F7| e 3H3S

A2d37t 2 AlHS A7]2(Lindberg Blue,
Lindberg, Germany)°ll4 130C+2T, 200C+2C 24

Table 2. means and standard

A7 AZA7] & qb5A1E 7| (Instron 3366, Instron

Co., Ltd., USA)E A3l 2H cross—head speedE

1.5 m/min®] £E2 A|27} A5 spdE uf 714 s
= 7koto] Al S| 3pEES (P, N)= L]l

4. FSAXZY

EAA2l= SPSS(Statistical Package for Social
Science 18.0, SPSS Inc. USA)E ARE3lo] 4515}
Aot A A - Y S5 =S SA6kL 7 7o 3
1 BFHAE B3
XSG, 2 AFollA AREE RE SAE
ool A A7 = ek,

£

™ paired sample t—testE
95%2]

Lz 3

1. HEFE MR (monolithic all-ceramic

crown) block®| &%

1) 2ZA2] Y=(density)

s A2F Yol 27419 &2, 35H4] 54, 714, A
2817 EAS AAsls 2a3) olxjolrt Ea] A|23
of 28] 7|AA 4% A W) v 2 IS

249 7] T FA, 5
Y= (Table 2)¢F Zgtow, Bt W=
0.0147g/emo] AL A==

e &

deviations of the density

specimens 1 2 3 4 5 M SD
Wi(g) 35.7759 35.8768 35.7692 35.8903 35.6177 35.7860 0.1094
W2(g) 29.8667 29.9697 29.8412 29.9513 29.7342 29.8726 0.0946
d(g/er) 6.0305 6.0497 6.0103 6.0195 6.0301 6.0280 0.0147

2) AU |(average grain size)

ASTM E112(2010)9] Add ¥ (linear intercept
method)}& ©]&sto] ¥ BAAAA7|= (Fig. 2
(Table 3), <Table 4ot ZA3kct, Lozl Adw Zo]o
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ATE AARDE A2 A% TZP dE7=2 AR=AE £ BT A4t & 2

Table 3. (alb) line average grain size

group classification 1 2 3 4 5 6 7 8
line length(mm) 114.00 114.00 11400 169.00 169.00 169.00 204.00 204.00

@line grain number 6 6 5 8 8 8 12 9
photo d(mm) 19.00 19.00 22.80 2113 2113 2113 17.00 22.67
actual survey dnm) 35849 35849 43019 39858 39858 39858 32075 42767
line length(mm) 114.00 114.00 11400 169.00 169.00 169.00 204.00 204.00

Blline grain number 5 5 5 8 9 8 10 9
photo d(mm) 22.80 22.80 22.80 2113 18.78 2113 20.40 22.67
actual survey dinm) 43019  430.19 43019 39858 35430 39858  384.91 427.67

3) HAFEAIRE FEEA &2 AAE&E(monoclinic &
tetragonal phase volume fraction)

AP AL A A A2 Al Awe- XRD9 intensity
£ 0]-&3}l= polymorph methodE o|-&3to] 3l 3
A9k 5712] A 2% XRD 2% 23} monoclinic peak
= YERA] 931 tetragonal peakTt 2 5= 21t} Al
Hof|A4] monoclinic phaset= EA3HA] G A= ot
st em(<Fig. 3, 2 siBste peaks JCPDS 7H=5
ARg-8HTE,

N
)
(o)
w
O
4
v
o,
e
off
ey
ey
o
Hu
Jo
1o
ot
5
N
3o,
32

CHp<0.001).

E2F, 200 CollA A2Q3} & 7= 1020.07 w2
B}, FAA R {OJ7F AFo)7} QU Th(p<0.001). AH
o] §o¢E2 =0.052 Ao =4 An=

(Table 4)9} At}

Table 4. means and standard deviations of the flexural strength

group N M (wpo) SD t-value p—value
pre—test 10 1747.40 4156

130°C 10 1063.99 73.35 25927 .001

200C 10 1020.07 106.00 19.250 .001
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Fig. 3. X—ray diffraction patterns of the surface

v o #
2 A Tl AR e Hl(monohthlc all-ceramic

o @
oZ
2
Zi
é
_l

—% &5} %*7}5'3 B7Ht= AollAl A7
H, AolA Xl EE AR Al HE ol8sto] =
B7keke A7t o Bag Ao, oo ¢+
Zhof| H ohEat et
QH- =23 block2 1530CAA 4223 AlH
o] Hit W 6,0280+0.0147g/cro] QL AT E =
99.01%°1%it}. Al S AA2ERT 50T W2 1480T
oA st o BHYAL7= Aol 396.62+
33.7Inm°|} e, Grain size(D)x= 0.3umo| it} A=
Fyof &= AW, A W AR Al 7HA] A=
£ AQF2E 7H 4 slon, ARz w24
=t} A =3 o} &7

A B s 3

rlr

monoclinic peak+s WEFUA] &1 tetragonal peakRt
e 4= ek

AL2dst A - 39 S37E At AE3}F Ao A
1747.40um, 130C A3} Sof|A ZH=7F 1063, 99mm=
el EAIA o= folgt Zke] 7} )1Ith(p<0.001). ERY

90 _cHoHAI 7|2t K|

200 T A2¥3} FoA 1020.07mz UER} B4 20

593tk 2to] 7} ARATHpP<0.001). o]23t A-2Aska A}
< A2100-400T)llA A717E ARG Alell R o A
AP o2 ZpEA Q1 A E]7F ojuH (K. Kobayashi et
al, 1981), 3-5vol%2] Ful#zto] u|A|td-S Sats) 7

T O] FA% A7t dojdthEE 5, 2006).

olg|gt A=d3} AL rAIAF] HAAU
(Watanabe et al, 1984), EFYSA|RF0| WErs Wol
Aoy (Kim, 1990), TZP ZAAHY] a7 345 &
#8] Dojutth(Matsul et al, 1984), EFF 80| Z27}
A} HEIE 714538} Al7]H(Sato et al, 1985), W=7} WS
42 o] Yojuhal(Masaki, 1986), BUsH Ao ¢
< A3 o‘oiufq(Watanabe et al, 1984; Masaki,

1986). 183l E3t= AlHzHO|A YWHZ syt
(Sato2} Shimada, 1984)
3mol%e] o|Egotrt H7tHE AWy A A =2so}

7-3Y)e dFuyet 42 ohE Ak
7 E=(1000wm) 2} 237} Q17 (10wr:
G 7IAA =44 B9 ofyeh, mi e f4St
e Ao dA Qlof X|g A =3y
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AT YA A Z A2 A3 TZP Fd =

293515 A low temperature degradation) 22 o]&= &
wot oA 7HESHE = e ® A A QtkDenry &
Kelly, 2008; Chevalier, 2006).
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