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BY-TZPE: ¥ 4%, 94 W AANEHOR Aste] A2 Agra de A
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tolZ 2% 228 XHE 3Y-TZP
259 7|48 54

Azas 4 F >

2
X
)
1%
K
<
1%
e
lo
%
_"._l,

2

I.A &

A2 ookl AUy R AAARY 5L olfE 1 WAS 2 FHE
AR WFE Fn AFEABE QH o] Fse FAolth AW AR

A ARG, Avld, e A, AP A2 o FHE g %le

¥2

W(Ardlin, 2002), ddifem HAol i AZAE7F Sok(Sobrinho 7,
1998), 53] AR 1AHAE FA2YgHY AEol= AgA Atk (Campbell
Sozio, 1988; Nakamura &, 2002). #A43 *2 JAZAAEE /fAsH7] s &
FrulY(aluminum  oxide), WHA (leucite), =ZHF ¢olAddA ] E (lithium
disilicate), AZFYo}(zirconium oxide) s= ©|&3 3 =A7F 7ty of

AREA FEEo] TAR welfE Wit ohe nAY FaA AN A8



Aarglel 4 d ARE deudd SO AANER AHEHA gkt (Piconi gt

Maccauro, 1999).

Table 1. Characteristics of some ceramics for biomedical applications

Property Units Alumina Mg-PSZ TZP
Chemical composition 99.9% AL,O, 710, 10,
+MgO +8 = 10mol % MgO +3mol% Y04

Density gem ™ 2307 574-6 >6

Porosity % <0l <0

Bending strength MPa =500 450-700 900-1200

Compression strengrth MPa 4100 2000 2000

Young modulus GPa 180 200 20

Fracture toughness Ky MPam™' 4 7-15 7-10

Thermal expansion coeff K™ 8x107° T-10% 107" 1x 107"

Thermal conductivity WmK ™! 30 2 2

Hardness HV Ol 2200 1200 1200

A2k npdEto] E (baddeleyite) 2h= FA1olu, Absl F4:(Si0y) &} 3}

T=s olF Zircon(ZrO, - SiOp) o2 FAletetd] A& ow 2ol A=23Y
obe] Hy-re FazE YAHe] Jojth A=zok dety YA, AH
Y& Holw T (polymorphic) F2E Fxlo] Al @AYst= Al A gge] o3
e Ay Aol 12 mAel ve we FF % FAFES 21 Yo

(Piconi®} Maccauro, 1999; Guazzato &, 2004).

Aetal As Hold Z4dox 5738t FHA (brittleness) ¥ A-g wj<tel 7]
A Tz AREA AFHOoRE AFEH o] oy Garvie Tl 1975 xS
Ceramic Steelol#hiz =ito] 7|FHA|7F Ho @43t Hglow HsiAlze A

AlA Aol AR EAst= BEE kA3 X2 F Yol (Partially Stabilized

X



Zirconia, PSZ) ¢l &AE /Netal AW -—GARE S = /71 WES] ARl
T7F RaEojR o]l& el mAEe WE 73 A= FYo}l(Transformation
Toughened Zirconia) 7} Mz FJE| 2] 7| AF38 Mgt A2A FHEuk7] Al
sHATH(R S, 1992). WE Ashrt dojubs A2 = <M 39 (metastable) A4
zh= A A=ZIYeprl dutEE= i (crack) TR 1 &Y G
(tensile stress field) oAl FE @AY A= FYolz WHE o] dojd o
LA st Aol Aoz WY F 3~5%2 Fy FFE 74d
At (crack tip)FWel 23 A A (process zone) oA A3 IF €S
WA 71T (Green 5, 1989). oA FaZQl ¥ AdFwe A% 9& 1
Al713 qtdo] Aate = do] glo] FxIHo] "Wolx AMre IS afFow
7 A7 &37F Atk (Fig. 1), 53 W Zstavs g idels] aabgd
o2 Hofshiz Aol s AEm WH st A=sope] Aol <t
AepA L] oF, AR ATl W @A, 7R oA, AR 2 wlAl T EA,

= 24 W] g8 gEFE v G F, 1990).

o

ofN P

FR

00000
56 06°00 |05 00

untransformed  transformed transforming

particle particle

particle

Fig. 1. Representation of stress—induced transformation toughening process.
(Reprint with permission from Butler EP, Transformation toughened

zirconia ceramics. Mat Sci Tech 1985;1:417-32.).



A2sdol= o wet Fig. 29 2 37HA 9 40 A (HL ) =
EAsT} o]y N ZFYote] CaO, MgO, CeO, , Y:03%5 % &2 AgES o
AulEE TPt Ad2olA bgsh A 9 e A=avels o
= 7 Ao, 53] AUALs e e P s A =3 oH(PSZ, Partially
Stabilized Zirconia) 2} 3t} 1= A Y,035 F7Fste] Ao FRbAAdTS
b= PSZE AL 4 et o|ZAS TZP(Tetragonal Zirconia Polycrystal) 2F1

20 (Rieth %5, 1976).

EhALE 1100 T EIETE ] 2370 C o1 upxf
T e .+ &
(monoclinic) (tetragonal) {cubic)

Fig. 2. Phases of zirconia.

olgs TZPE A& ITJIFE=Z AT A Aoz 7IAHAAGHE A
Zstol CAD/CAM (computer—assisted design/computer—assisted manufacturing)
A 2ElE o] &3k VAIAR] Haks FEl AlFe kAl "k ol st A= F3otE

@ 3§ st wsd ARt o® AbskE ARt A Aol WistE
GAA el e F2 AFAE Fig. 33 #Zo] AV]E ol &35t dLAAE 7}
.

haE YA AL BelUAE ol gatel adsE el Hel Al



Fig. 3. Conventional furnace.

AubAl W7l el o Ado] oF-9] Adelr AL BAYste] Al A,
AR AA 2SRl whd, vlo] AR 9k e AlE AA7E wEste] 4
ez es R gl Fa dde] o) Al R 2 g 9l 4 55

walo] dnk 44
A ddEA 2dT 7 A EEYS FaAA 7d A W 7Ads vA 2
£ ¥<& 9 Atk (Sutton, 1989).

o] Azt Ade delE AEEY, AgHAs fFHAAY FAES = +id”
o o] Aol N2 UHA=H v FHAEAEA Fa5 (9 171 F E

AW 1 2d A1) H 2 AUAE A= BESHA Aok

P=2rfe" tand (1)

o

1714 tang = &/ oItk whebd B9 fHE 9 vholAm o] Fokp f
g5 mdHoR Jtdge & & vk a2y volaRse] PE Hol:
D,=(nfuo)” ' 9} ol Fahg7t wobd 55 Zastel Fugvt we A
Wyt sldeee Fuag A9s]) 2dstelol @k B4 vlolamshs 24
GHzZ AH4-3ith 239 fAg0] B Agolt hdo] 47 dojux gorz

XAV E (suscepter) & AR&3to] 7HA %t AE R FH8&0] £ SiICE T2

N
Hir

]_

ko



AFEFITE Table 29 2ol Aghezel A% exsb Sebd &b Sokshe 4

oft

c

of loerw dAFE7HA= AAlECl o8 AR JFAEHIE a2l

AR 7keo] AaE o] Aol AL},

fu

Table 2. Change of the hereditary ratio of the ceramics material

according to the temperature at 2.45 GHz

Material Temperature ('C) e"
22 0.0032
Al20s
1050 0.1378
25 0.0034
ZrO2
1000 0.0531
Sic 22 1.71
695 27.99

3 28-S Fig. 5914 & & 3Rl 440 KA Al vle & 571 s

pobd] FAAFre) AA wEHE FHol ek

il b
25 min S ge s

1400 4 /’ \
1 Applicator i CONVENTIONAL \\E’Cm: 0
1200 4 3Gimin b
§' ] \
L= £ A"
5iC Tube p o 10004 f5 .
= El 1 ‘' E
o soo Vo
B v
L1}
& 500
[~
Specimen 400+
200
/ 0 ¥ T ¥ T b3 T ¥ T 1 T I J 1}
a 100 200 300 400 a00 600 Too 8O0
Insulation Material s ,
Time {minutes)
Fig. 4. Type of microwave Fig. 5. Microwave sintering & conventional
sinter system. sintering timely comparison.



w3 vpola Ry 249 F4 /M i olux ke Sw® oz} n]4A
Tz A WE EAS ZHA7=H wlolazmt Fue)a

©
)
ne
rlo
P
cll
b

7}9 (ultra—rapid heating)©] 7580 zx F4& 2249 A4 = AAA &L
st X143t Hro nE SV EA 22 A 1HELE AFAE 95 F
vt (Harmer &} Brook, 1981).

olof B Ao A= oA 3AC Y,055 3 mol%E 1Ll AAW2AS ulo)



1. 97 A=

AR A Y3t Alm5E 3Y-TZP(KZ-3YF; Lot No.12474, Kyoritsu,
Japan) & AME3L1 2™ Acucera(F) oA 10 mm X 50 mo Z+8 E=E AN
sto] 200 kgf/ent®] ¢+ ©Z die pressingste] 12+ 4383 &, thA] 1000
o] ¢tH o ® jsostatic pressingste] AIFAZ AT A5 JEEAHS

Table 3% Zt}.

Table 3. Typical specifications of Yttria stabilized zirconia powder

Material unit LOT Data Method
Zr02+HfO2 % 94.26 XRF
Y203 % 5.39 XRF
Al2O3 % 0.2047 ICP
Si109 ppm 69 ICP
Fe203 ppm 7 ICP
Loss of Ignition % 2.42 1050C ~ 2Hr
Specific Surface il 7.4 BET.
Green Density g/cnf 3.104 1t/crt
Fired Density g/cm’ 6.071 1450TC
Particle Size om 0.3




2. 47 34

7 AE A

(1) 4k 2455 o] g3t AFA &4

Azt FAE 7HA AL AzARM AAShs 2l BEo] AWk ad®
(Lindberg blue furnace, Lindberg Co., U.S.A)E A2Asgth &= 24N
WA RS 2

&to] oF 32A1%tol At AAIFE 24 X3S Table 49 2t

Table 4. Sintering schedule by conventional furnace

Temperature

Main content

Room Temp. ~ 400T
4007C
400 ~ 800T
800TC ~ 1300T
1300T ~ 1450°TC
1450C
Natural Cooling ~ 600TC

Under 300TC

1C/min
2Hr keeping
4C/min
2C/min
1C/min
2Hr keeping
About 13Hr

Out of Furnace




(2) Microwave furnace®

Axdd AdAE 7HAa vlAA

microwave furnace(SUX—01, Unicera, Seoul, Korea) A

= A¥stion 374 Az

TR BEL

A8 ot 2

.

Al &
= =

AadER TEA

==

= 224wt 7

Table 5. Sintering schedule by microwave furnace

o] AAxHo R AAHSITE AAST 4~A XS Table 59 2

Temperature

Main content

Room Temp. ~ 1000 C
1000 € ~ 1500 C
1500 C

Natural Cooling ~ 600 T
Under 300 T

80 C/min
100 C/min
15 min. keeping
About 3 Hr.

Out of Furnace

A B 713 microwave furnace®
furnace® 443 E5F& HxTOE
+0.01) mmx (25 £0.01) me] A7|=
Fdol wAgh Fo] =AFE A

Az 4T 5 71wl AEg

#12009] =07 AdAnpdt & 1 um ©]3}9] diamond paste® 7| A ArtE

Stk olw AlFAAS FF 7 £0.01 mE 3

10 -

243 B AT oE, Uil electro

ol zk7} 1208 (2 +0.01) mx (1.5
AAst et fFelE vlEe Ay ARs

- wASA HA7t dojub LA AA ] EA =
EWS SiCAvkA #220, #400, #800,

A A 3F

45 9 GRS fF F



HEE RS o] AJHES AlEAA] AHE FFSES st 9
ol AFAF AA A Qe dwtiAARONA 1200 T, 1AZF EF AFAA

annealing 3} o}

o Ux 54
b ATl 10708 de® FEske] ISO/DIS 187549 el wet
110 CellAq 1A ot Axst & Ax5AE S48l (my), S/l H 45

m
33
i)

FEFAE SASAT(my). AEE Ao EH d FEe A F FA X
THAE S () F o= AE o] &8t A (2)°] A Fads

(bulk density) & =7 3}3lt}.

Ph= —2 x P, (2)

Py = bulk density (g/cr)
m; = mass of the dry test specimen(g)
m., = apparent mass of the immersed test specimen(g)

mass of the soaked test specimen(g)

g
I

P, = density of the immersion liquid at the temperature of the test(g/cm)

I

ISO 6872:1995 dental ceramics® 7l wet 37 w3 Al@H (three—
point bending test) ©Z Z+zZF 1270 ] AJHE A5t A|FAJHE 7] LLo]
AABI Ant FAe7|5S B AASAT AIFAE S FAL £S5 £0.01 m
ol Adx® A3 S WeAE 7] (Model 4467, Instron Co., USA) 2] A A )

Tl Fig. 63 Zo] AldAAS A7l AAH H4 (span length) &

oo

dE A

- 11 -



=
vE
Y
fiu)
_0|Lr
of\
—

000 Kg 359 load cellZ, cross head speed+ 0.5 mm/min®.

= st 249 %, 2t APANY FIFEOMDE A (302 ANste] Feheirh

W

| - | C-ar2
- / ’1
w2 w2
Fig. 6. Flexural strength method.
Iy, W, d
(S)(5)(5)
KC 2 2 2 3wl
M(MPa)= = = (3)
u bd” 2bd’
12

K @ moment

C =4d/2

I : moment of inertia(I= bd? /12)

W : load of fracture (N)

/- length of specimen, distance of support points (mm)
b : width of specimen (mm)

d : depth of specimen (mm)

- 12 -



L R I B R
< Z7438t7] fstel 1 m ©l3te] diamond paste® 714 Ant
3 S Vickers =4 7] (HWDV—-7, Highwood, Hanmi MTDE ©¢]&3}]
20 Kg=9 352 % cross head speed:= 0.5 mn/min® % 3} indentationdt
o+ Y dddols: AWE FJMAE AT Fig. 7). 91714 E, H,
P+ ZZ Young®, 3%, indentation 85 UERAT 2 (4) o &3t T3] QlAd
% A A HQa3 E/HE cross head speed 0.5 mn/min® & AJHeo] 10 Kg9
Knoop indentations @&k & t&Aol 71 djzbdy 2 oizgxe] dol&

Fig. 83 #o] 5743t Marshall 5ol A|<tdt 2 (5) & ol&sto] A4t

1
2
K = 0.016%(@ (4)
CZ
P = Newton x 9.8
C = crack length at the surface (m)
L= 0142 - 0.45 ﬂ) 5
z . . ( r (5)

l, = the ratio of the diagonal dimensions of the impression (Fig. 8)
a

E = the Young's modulus

H = Vikers hardness

_13_



Median crack
—

/

Fig. 7. Microcrack introduced Vickers Indenter.

Fig. 8. Knoop indentation.
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vk AR A7)

AAAZEAEY] xAE #EsSH7] fste] 1400 TeolA 1A17HE<t  thermal
etchingd & FAFAAFE W] (S-4700, Hitachi, Japan) &2 7}t 15 kVat
oA zbzb 20,0008 % 50,0002 @A AJH] HFYEiE ASTM
E112¢] W&t SEM ZAAMAE o] €3} liner intercept method® Z7 3}

Mendelson©] #|¢Fst 2] (6) ol 2] A st A4 st3iT.

ol

. . total length of lineXx 1.56
G = - — 6
rain size(um) number of grains X magnification (6)

Ab AR
2AA THO ARAL 95te] X—H FHAEAZ(CN2013, Rigaku, Japan)
5 o] &3}o] autoclavingx el A, ¥ AFdTLH xS X-A 3HEH35S T

Autoclaving® 8] Autoclave (Ecosolution®), Korea)olAd Ad+3 fF+ A

H 7t /IS 150 TE 10A7F fAsklon, X=X A4S 7FSHSE 40
kV, A& 25 mA, Scan range 25 ° ~ 40 °, step scanning modeX® scan rate

1° /mino. = A3}

oh. A
27t g0 Byt BE BAE AN g PPN FARE {9

27F eAE A ET] fl8] Tukey tests AT

_15_



m. 43

Ao FydEs 6.023 + 0.002 g/ene] i, thxwe] FddEs 6.056

+ 0.003 g/er® F 7F F-927F AT (p<0.05).

Table 6. Means and standard deviations of the bulk density

(g/en )
Number of
. Mean StDev.
specimens
Conventional furnace 10 6.056 0.003
Microwave furnace 10 6.023 0.002

2
)
2
o
ol
32
ot
Ml
e
ot
o
b
=
Mo
it
oo
Ml
o

ﬂ

w

ﬂ

©

—

=

S
32

o

g

=2

BN

Ml

o

Table 7. Means and standard deviations of the flexural strength

(Wpa )

Number of
. Mean StDev.
specimens
Conventional furnace 12 821.29 118
Microwave furnace 11 737.91 78.3

_16_



3. 93 AA AlF
Hat F7 A7k (Kio) 2 Adto] 7.59 WPam™! o], thx7+°] 7.32 Wam™!

2 % 27 $94E 2AHp>0.05).

Table 8. Means and standard deviations of the fracture toughness

( W2m™! )
Number of
. Mean StDev.
specimens
Conventional furnace 10 7.32 0.35
Microwave furnace 10 7.59 0.43

4. ARJHa"8F

Zt A |9 SEM ##24 3= Fig. 9~129 2t} Fig. 9, 102 247 dhxo3
Ag o] ®AS 20,0008 #ojdt SEMARRClAL Fig. 11, 12+ zHzF 50,0004
gt SEM Apzlolth. AbzlellA] B npol o] R s £AGES Holn
E9st 2 A Holx ¢t
THYdEE AdFo] 0.1 mm ~ 0.61 mE B+ 0.39 me 715 7R

gom thxo] 0.1 m ~ 0.83 mE HiF 0.46 wme A7) 7FA 3 AATh

- 17 -



s s
L LU

15.0kV 11.0mm x20.0k 4/12/2007 2.00um

15.0kV 10.9mm x20.0k 4122007 2.00um

Fig. 9. SEM micrographs showing  Fig. 10. SEM micrographs showing
micro—structure of the micro—structure of the
conventional sntering 3Y-— microwave sintering 3Y—
TZP x 20k. TZP x 20k.

15.0kV 11.0mm x50.0k 4{12{2007

15.0kV 10.9mm x50.0k 4/12/2007

Fig. 11. SEM micrographs showing Fig. 12. SEM micrographs showing

micro—structure of the micro—structure of the
conventional sintering 3Y-— microwave sintering 3Y-—
TZP x 50k. TZP x 50k.
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Fig. 13. X—ray diffraction patterns of the surface of microwave sinternig
specimen and conventional sintering specimen before autoclaving.
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Fig. 14. X—ray diffraction patterns of the surface of microwave sinternig
specimen and conventional sintering specimen after autoclaving.
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NZz7+S group(DE, AFF+S group(DE 3 F 3 54 A3+ Table 9

==

Table 9. Tukey test of result

95% CI for difference

Mean difference P—Value

Test I-7)
’ Lower Boundary Upper Boundary
Density 0.0328 g/er 0 0.0307 0.0349
Flexural
83.38 M, 0.059 —3.45 170.22
Strength
Fracture B
-0.276 Wam™! 0.131 —0.641 0.091
Toughness
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Critical Grain Size (um)

Fig. 16.

T T ] I
10— —i e ]
O.H p— =
a5 |- ==

< ) %% Tetragonal = 90 % Tetragonal
s Retention Retention i
0:2 - &=
-
l_-_.-"'
0. i I 1 1
o 1 2 3 4

Y:(); content {mﬂl'%}

Retention of tetragonal phase—Critical grain size against Yttria
content in tetragonal zirconia (Reprint whit permission from
Lange FF, Transformation toughening, Part3 — Experimental
observations in the ZrOs—Y.0Os3 system. J Mater Sci 1982;
17:240-6.).
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Fig. 17. Fracture toughness vs. yttria content (Reprint whith permission
from Lange FF, Transformation toughening, Part 3—
Experimental observations in the ZrOs:—Y203 system. J Mater

Sci 1982;17:240-6.).
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Abstract

Mechanical properties of dental 3Y—TZP blocks

using microwave sintering

Won Sool Kang
Department of Dentistry
The Graduate School, Yonsei University

(Directed by Associate Professor Kwang—Mahn Kim, DDS. Ph.D.)

Dental 3Y—TZP using microwave sintering to economize a sinter time
and an energy were fabricated and mechanical properties of that were
evaluated and compared with conventional sintering method which was
used electric furnace. Specimens for each group were analyzed by bulk
density, 3—point bending test, fracture toughness test, scanning electron
microscopy and XRD.

The results were as follows:

1. The mean value of the bulk density were 6.023 g/c of the
experimental group, and 6.056 g/cw’ of the control group. There was a
significant difference between the experimental group and the control
group (p<0.05). Sintering rate of the experimental group was 99.24%,
that of the control group was 99.77%.

2. The mean value of the flexural strength were 737.91 MWa of the

experimental group and 821.29 MWa of the control group , and no
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significant difference was found between groups(p>0.05).
3. The mean value of the fracture toughness were 7.59 Wam™! of the

! of the control group. No significant

experimental group, and 7.32 Mam™
difference was found between groups (p>0.05).

4. The mean value of the grain size was 0.39 pm of the experimental
group , and Av. 0.46 un of the control group.

5. In the phase analyses using XRD, the experimental group and the
control group were tetragonal phase. After autoclaving treatment,

however, the experimental group was tetragonal phase, but the control

group was etragonal phase and monoclinic phase.

This research has been shown that 3Y—TZP sintered using microwave
furnace has a submicron grain structure and a tetragonal -crystal
structure, and exhibits considerable mechanical properties as like flexural
strength and fracture toughness.

It is also shown that microwave sintering method was faster and more
economical than common method to be present in qualities which equal or
exceed. However, it will be important to seek the accurate sintering
condition of 3Y—TZP by microwave sintering method and the continuous
research is necessary for the study of relationship between sintering

temperature and mechanical properties.

Key words : microwave sintering, zirconia, Dental 3Y—TZP, fracture
toughness, flexural strength, bulk density, grain size, phase

analyses.
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