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ABSTRACT

For the investigation of MgQ addition effect on 12 Ce-TZP ceramics, Mg(O-Ce(,-ZrQ, ceramics was
fabricated using commercial powders wnder sintering condition of 13007 -1600°C for 2 hr.

Fully letragonal phase could be obtained by proper heat treatment and MgQ addition amount, Miner cubic
phase was appeared in relatively high MgO content composition at each sintering temperature. As alloying
amount of Mg increased, tetragonal stability increased and grain size decreased. Grain size dependence on
MgO content was verified by SEM observation of fractured swrface, Surface bloating was ohserved from the 2

m/o to §m/o in the temperature range of 1500°C to 1600°C. In spite of very porous microstructure owing to
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surface bloationg, 100% TZP could be maintained in 2

This result indicated that MgO was more powerful stabilizer than CeQ,.
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.0m/c MgQ composition by heat treatment of 1500°C.

Mechanical properties of MgO-CeO,

-ZrQ, ceramics were consistent with the stability obscrvation of letragonal phase very well.
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Table.2 Composition and Designation Emploved in
Compo) 0y 110, | Feu0s | TiO, | NagO | Ca0 ipositia £n ploy
70 -nenl This Study,
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Compo 2.0Me0-10 0 Ce(,-88 710, 20 Mg
PEHONT | & | Baf Cao| Ko Na ) As 4.0Mg0- §.0 Ce0,-88 Zr0, 40 Mg
wt | 0 002 |o 00z) 0.01 [0 005 | 0.005 [o.0001 6.0Mg0- 6.0 CeO,-88 Z10: 6.0 Mg
(234) B e bl



CeQuebal 8 Aubz Zirconia o7 34 (Ce-TZP)oll 38t o7 (IV}

AFelal Add 249 2 E7]F Table 2of viehig
o, o) Rl ofsbed &0l Adse SFehd
4L Al Lsled o]} patold] 24 A7 S EalE &
A7) mukrlol A Fleddle] AzaF2 §00°C 1412 B
abx Fgich. B4 fael XRD 4 Ad Mg(NO,), -
nt g 5glor, TGA #4435 o w2

2% 6m/o MgO d7ke) 2§ o 15.5%°13)
04 100 mesh A 2 2231 A71E sjgoxd of
24 29h2 100 kg/em?e] 4oz AE 10mm
2o g 9484 T 1700 kg/om?el ez
1870 A4t AEE Mﬂ-. Ay A+E Super Kanthal
% 2 1300°C-1600°C el 25 W Yo

c

B o of

de oqe %
faore e oy

Rz

o 2474 225

7y 2= %—RJ% Alge Aepel dg 7Hg ) (Amada,

Modet 5G-52 FVC, Japan)oiA diamond wheel § 600 &
B 3x4x36mme) 272 HF 7b,

dutsled Al259 k.
2.2, 7|HE ME

Hed s JIS-R1601 < we) 4873048 (inner/
outer span <] | 10mm/30mm) ey o2 slgien] 0.5
mm/min 2] &@FAEEeA Tyt F =8 alsq
Ao 242 Microvickers #5414 7] (Matzuzawa,
DVK-28)-& +H&3d a1F 20ke, 547413k 1) sec,
SFSFSE Wipmfsecs FxHe2 ol &
Marion*¥e] 2| <t & ~ol 24 A dehsic)

1 P

Ke=m Ty TF

el 714, Kc . fracture toughness

¥ . half dihedral angle (63"

P ! indeniation load

C  controlled crack length
3. MEY
] A2 AL Cu-Ke vadiation 7 Ni filter 2
X4 sgof ola 24 eelvh, oA £ule 4
*H2 oA (11, (110) peak ¢ k3 (111)
peak & AL 7z 2 2 Garvie ¢ Nicholson™ 48] 1.
A4<l Toraya 59 wh& A& A-&5ted 45300,

Vi 1311 Xm
1+0.311 Xm

Im{111) +Im {111

e X T (1115 +1m {111)

A 274 A2 (19%0)

oltf. Az <udde #alZ XRD step
scarming ¥4 ¢ ® #39 ol step scanning 448

2AE g 2,

Cu-Ke radiation, Ni-filtered
accelerated voltage . 30 KV-16mA
scan speed | 0.257/min

chart speed 2°/min

tps . 800

time constant | | sec

oo od 27 {transformation zone cdepth)s] Z4&
XRDF4% §2% 23409 daa g5t ghnkels] of

A3 284 slxn Kosmac @) 4442 343
Mori §199 Aoz He A5, o= 448 42
G23t gt

d:@ Xmeas.*Xhu‘.k )

au Xsurf—XmEas

of 71oll 4] d =transformation zone depth
# =diffraction angle(=15" with CuKa)
4 =linear absorption coefficient
Xmens =measured m fraction oo the fracture
surface
Yo =measured m fraction on the sintered
surface

Xsurr =m fraction al the fracture surface{=1)
X =monoclinic phase
linear absorption coefficient & #|2h& zF 24 = MgQ,
Cele, Zr0, ngake 2182 Falate] AArasd.

2.4, RojulE

Ade] 2AAE dobir] ANdlel Fo WFE 2
ok, £4 A8 FofuFEE e ASTM{873-72)0 &
go] Fpulel e Aot

2.5, NjM+= 2

Adel A gty a5 ﬂr’ér 517 HEbe]

3 diamond paste & 2 of=lgl & F7| 34 13507,
30E7 deldstler, Agd o325 A Y
stol AYFE SEFe AdE FAAAERA (Jenl,

JSM-840 Ar e 2 A3l

GEA



e -
1. AMEM
Fig. 14 1500coﬂf~1 M7 27 % 2744 ¢ XRD 4
A5 vepy g ,(B),(C) 248 75 sbapad
2 A%HA %éak%}( ) Z Aol A 37.2v/0 2] a4
¢] Az gich. MgO ngake] 2713l vz} 50724 §

=Y T(220) 42 A== Sotstder
(200) ¥} 2ol A= AA viebyiet ol% Aae] f§4< 9
urg e s 23 s A ddAge Holnl v e
o ZrbE M0 283 Frloll vhg b de] 4oz
Aetdeh, gubdor Fubadd Yool B

| olat Ae T

o e A%y A 2L g3 33 (overlapping) o] 4]
vhx] gk 70-753 A Frbeld 29 A grzE
B 24% 3gen 2 ool ay 152 XRD 342
TN
022
T(200)
e
(B)
o
.
M(117)
(o)
M)
1 1 [
50 35 3¢

Fig.1. XRD patterns of as-sintered specimen
prepared at 1500°C for Zhr,
(A)).2 Mg (By2 Mg (C)4 Mg (D) 6 Mg.

{236)

=L

2d8

[

Al

g2 ¥} el giskonz 4
XRD step scanning #4445 a4t 2 zi"
vepdgich, ¥4 AzE slaalz] flsre] o
Fuatg] XRD slep scamning 2 #5 (A}
SAg A el 0.6Mgel 4 A y%
Ehfeieb. 742 e C(111) 7 T00) sf=

et CuKa, radiation o] ﬂ'c’?}

3} o] 2H :&]])\],L 2 Za) g}y

= [N
=

Z3=
Bragg's law & %
BFe]

of

E|

o A2 olE
elghglont
Az e gpekek, el
2 el abslch, g AE ueleA °l

#% Table 2o vfetujgl

1300, 1400, 1500, 15504 2 47k &
Aulkz] A Bm| 2o Fig 3ol vhel gl

Aol & Wl E o &

¢

s}
AT e
ol
i=

Hl ]‘l

r"'):'

iz %

cAR Age] £
1o}, Zr0,el s}
g A FAEA}E 4] HalA
| A4delde £
afef of she ol
Ae oled 7

o %

2l

Lo ;cé HQL;IE? Jbl

1l

e

Q

Hir

L)

o
a2y

table phase) .2

+ EA7t w7

2 &4

2

= 2z

1o
N
= i

i
[

ry
e
o 3
=

{alloying effect), <323 7} {consiraint ellect} =

{A)

13

T{004

TiLgo!

i

i
V\L % o)

s
;)ﬁ

To0H

5

"Ww

IWMW

Fig 2. XRD step sconning patterns for the various
phases. (A)Cubic phase {B) Tetragonal phase
(0 §Me, 15007 (C) Tetragonal + Cubic phase
(4 Mg, 14500C).



CeOyal A& "ubal Zirconia w17 & A (Ce-TZP1el #gk A7V

Table.3 Sintering Data at Each Sintering Tempe- e e
rature, o g P b
Temp. [MgQ|Dens Phase Temp [MgO Dens Phase E E a LT
() (%) -ty ¢y |20 -ity “EEDD E
92(6.17| t+m 0.26.18| t+m %m E
0.4/6.26] t+m 0.4(6 19| t+4m © £
0.66.23) t+m 0.6/6 19| t+m il -
1200C [086.14] trm | 1350C |0 8|6 14] t+m oo b e -
far |1.0(6.10| t+m+c for |1.0|6 16| t+m+c E : - 1wace \'\\
2hr. |2.0]6.08| t+m+c| 2hr. |2 0|6 08) t+mte s Mg Contdne (moles) e
4.016.04) t4m+c 4.016.08) tm+c Fig.3. Effect of MgQ addilion on tetragonal content
6.0(5.91| m+t+c 601579 m-t+c for the specimen sintered at various tempe-
0.216.15| t+m 0.2]16.20] t4+m rature.
0.416.13 t 4.416.14 1
0.616.17 t o6lgs] ¢ ! AL A dA#e] A2l aled viEalkg He WEE
00T |0.8)6.14] L 1450°C |0 86.14] t j Al sk EgAe] H el A3 o2 A 23l A7
for |1.0/6.18] 1 for |1.0]6 23| 1t 2o} oz = ofw] wbafsle W el olal A== ¢
2hr. |2.0]6.08) l+e | 2hr [2.0|5.85| ttc £ el " s Erels dafe]x) WejlH He
4.0(6.08| t+m+c 4 0(5.85| t+m-tc Moz Aodr &£ oald AFel z7] FNE il
6.0|5.66) mttic §.0/5.57| m+tte 70,2 E9 o] Zrlsh ZurA 70, Ed ol x|
0.2)6.20 t 0.2/6.11) m-kt Frbiet 27|l Fol QA 278 ek ZrQ, 7t atela)w
0.4]6.25 t 0.4)6 13| t+m
0§62t 0.6/6.18) t+m GrtVehn 2 G+ VA,
1500°C |0 8|6 20 t 1550°C |0.8]6.18] t+m G molar free energy of ZrO;
for [10/6 26 t for [1.0]6.13] t+m v surface energy
2hr 20373 L+c 2hr  |2.0]5.51| t+m
1005 74l trmae 10558 mrtte A molar surface
6 0|5 59| m-rtc §.0|5.44| mtt+e t tetragonal phase
0206 1] mett Lol3.43] t-m m ; monoclinic phase
1606C |0 4]5 96| m+t | 1600% |2 05 21| mtdc A A7t A 5 slom ol Aol Aol o
for [0.6[55¢) t+m | for [40]a.72] mttte st et ”“RM Aol 4 2] 37A] Qlabis BT L
ahr, |0.8]6.12; t+m | Zhr. |5.0]4.70| m+ite 2 L5 A Eol 2 AT YA R o5 %DJ%‘ - 4l
L. tetragonal phase m | monoclinic phase alct, 1300, 1400, 1500°C ol M 2 Alzb-Eak 44 g L7449

T

¢ : cubic phase(trace)

L+m ; tetragenal is major phage
m+t ! menochnic is major phase
density unit is g/cc MgO content is mole %

F MgO zg-8ke] Frlale] otef Zdﬂ&?ﬁ*&-ﬂﬂ Ha 2§
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et rle o ¥

4 ¥t 15 EAE ofehiz gleof, 1850C &Y
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E e ZrO:e Mgd, Ca0, Y0, Cel,5-9 Al 4§ + A ez FLoky Mgl n£202 o dlA Ll
2gAA Zr02 Adee] wE Fx AR o)zt et Ao}, o= MgO Jg-o] FrlETE
(structural free energy) & 4] ¥ 2i¢ obAl A =4 ko] Tl F3) o] Fose ALE 24y
HollA Ade} 25g 25y A0 2 o|d5x glon, o + slek
Al G gdabdl et 4] o2 A4YY aefvl AHF o2 b e xef et A 4] o
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Table .4 Fracture Toughness of MgO-Ce(,-ZrQ,

Ceramics.
Temp. M9 & N /mee) | Temp, |NEO) Ky (MN/m)
(%) ()
0.2 na crack 02 no crack
0.4 no crack 0.4 no crack
0.6 121 0.6 12.2
1300C | 0.8 11.6 14087 | 0.8 10.3
for 2hr| 1.0 11.6 for 2hr| 1.0 11.4
2.0 7.7 2.0 10.7
4.0 6 4 4.0 9.7
60 34 6.0 | not estimate*
02| noecrack 0.2| no crack
04 no crack 0.4 no crack
0.6 12.3 0.6 1135
15067C | 0.8 10.1 1600°C | 0.8 9.6
for 2hr| 1.0 9.9 for 2hr| 1.0 9.1
2.0 7.8 2.0 *
4.0 * 4.0 *
60 * 6.0 *

+ Fracture toughness estimate 1s not meaningful for low
bulk density.
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