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[Abstract]  Objective To investigate the structure, mechanical and low temperature aging properties of colored
dental zirconia ceramics. Methods 5 graded colored dental zirconia ceramics were made by adding colorants and
their combinations into a 3Y -TZP tetragonal zirconia stabilized by 3mol% yttrium powder, the green body were
compacted at 200 MPa, pre-sinter at 1 050 C and maintained for 2 h, then densely sintered at 1500 C for 2 h. Spec—
imens were cut from each of the 5 graded colored blocks. Physical, mechanical properties as well as chemical sta—
bility were tested, microstructure were observed, crystalline phase were identified by X-ray diffraction XRD , aging
properties were assessed by measurement of the relative content of monoclinic phase and bending strength testing.
Results The overall density of colored zirconia ceramics was over 99.7%, linear shrinkage was about 20%, while
thermal expansion coefficient was about 11x10°+°C™, the crystalline phase was tetragonal, bending strength was over
900 MPa which was slightly lowered than that of the uncolored zirconia, fracture toughness was slightly higher. Good
chemical stability in acetic acid was observed. After aging treatment, tetragonal —to—monoclinic phase transformation
was detected up to 40%, while bending strength was not significantly degraded. Conclusion The results showed that
colored 3Y-TZP ceramics presented good mechanical properties even after aging treatments, and was suitable for dental
clinical use.
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Tab 1 The density, linear shrinkage and thermal
expansion coefficients of the colored 3Y -

TZP ceramics
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Fig 1 The XRD pattern of the 5 colored 3Y-TZP ceramics
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Fig 5 The fractured surface image of color No. IV ceramic  SEM
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% 5000

A7 16,771 % 0 18 8K IRV RE S B BB S A & SR
K7, #cEMSRNEI, RPECITETHERM
LR S PR A 2 1S Y, HER SRS
LE, FRESBHARMBEENICE.

Spectrum |
C Hf
) 3 4 s 6 7

Bl 7 AFEIY-TZPRREE V B G el b7
Fig 7 The energy dispersive analysis system of X—ray analysis
of eolor No.V ceramic
2.5 i i & Pk BB (Jow —temperature degradation,
LTD)

PE 8 11 P19 2y ) 24T J5 2 b A €23 Y -TZP P BEHE &5
RN O HE B I . nT L T S A R 3Y -
TZPP & b A KB N 5], SR KD EE K05~
0.7 pm, ZHEUE LS, WL L HAY

ai e R T 5. 0 I 0T JE RO RE AR X e T
Sorthr, 4RWE10; HRGET. F=A%5 dRE R
AR WMRAFR, 2000 5 UG AR R R
40%, WA E24 R e 55 R M. B E3Y-TZP No.
I P{H 4005374, FHB3IY-TZP No.V P{H 40091 43,
A& B3Y-TZPHIPE %0.030 02.
3 VEREESHFELRMNIE
Tab 3 The elements content of No. V ceramic
analyzed from energy dispersive analysis
system of X-ray

i 3 T e B8 4 bige

¢ 411 17.14

0 14.10 44.13

Zr 60.68 33.32

Hf 1.57 0.44

Au 19.54 4.97
&it 100.00 100.00

. WEW: A NS,
M8 MANEHEIY-TZPE | FesSk oMy SEM
10 000
Fig 8 Images of the fracture surface of color No. | ceramic

before and after aging SEM  x 10000

o MPRCE: A MR
M9 BRHE A EIY-TZPR R Veki 4kl O SEM
x 10000
Fig 9 Images of the fracture surface of color Ne. V ceramic
= 10000

before and after aging SEM



27 5 2009 10 477 —

West China Journal of Stomatology Vol.27 No.5 Oct.2009

t(111)
!
I
M(111) /| after LTD °
/" \ /| °
7 \\-/ \\TL”\” ~
/\ . o
/!
\, before LTD 20% CAD/CAM
ﬁ_/\/ & 20%
26 30 3] 32 33
20/° -
2t(111) 11x10°-C*,  Vita VM9
M(111) ‘ A oss0ec 8.8~
\ after LTD 9.2 x10-6-C-! )
J \mdin | Vita VM9
/\ .
before LTD -
/ o Lee M
26 27 28 29’9 30 31 32 33 t=Zr0,/AL,0,
b: FHEIY-TZPME 1 ; F: HEIY-TZPREV .
Bl 10 6 R R S XRD i :
Fig 10 The XRD patterns of color No. | and color No. V cera-
mics before and after aging 900 MPa o
4 . 700 N -6l
Tab 4 The bending strength and relative content 800 MPa
of monoclinic phase of color No. I and -
color No. V ceramics before and after aging
20 34.8°
m m 59.6° 3Y-TZP
/MPa 1% /MPa 1% 3Y-TZP 002 013
3Y-TZP 1136+177 7.24 1185189 38.08
3Y-TZpP 919+153 7.83 1027+103 40.86 ° Shah
7
3Y-TZP 1 300+169 2.71 1158+111 37.61 N
VITA-3D—-Master . 200~300 C N
5 o Chevalier B
4.5 m
Bl 134 C lh

20%



78— 27 5 2009 10
West China Journal of Stomatology Vol.27 No.5 Oct.2009
o Papanagiotou ! 556-559.
Vita YZ YI Yuan—fu, WANG Chen, TIAN Jie-mo, et al. Preparation and
74 250 °C 7d Chromatuflty properties of colored dental 3Y —TZP ceramics [J].
West China J Stomatol, 2008, 26 5 556-559.
t—m 907 MPa [4]  Lee DY, Kim DJ, Song YS. Chromaticity, hydrothermal stability,
851.5 MPa 827.9 MPa and mechanical properties of t-ZrO»/ALO; composites doped with
o Ardlin™ 49 80 °C yttrium, niobium, and ferric oxides|J]. Materials Science Engineer—
168 h . ing A, 2000, 289 1/2 1-7.
3Y_TZP [5] Ferrario VF, Sforza C, Zanotti G, et al. Maximal bite forces in
helthy young adults are predicted by surface electromyography
134°C Sh 3Y-TZP [J]. J Dent, 2004, 32 6 451-457.
[6] Okiyama S, Ikebe K, Nokubi T. Association between masticatory
performance and maximal occlusal force in young menl[J]. J Oral
Rehabil, 2003, 30 3 278-282.
[7]  Shah K, Holloway JA, Denry IL. Effect of coloring with various
° metal oxides on the microstructure, color, and flexural strength
[ 1 of 3Y-TZP[]]. J Biomed Mater Res B Appl Biomater, 2008,
87B 2 329-337.
[1] R R R [8]  Chevalier J. What future for zirconia as a biomaterial[J]. Bio—
[J]. 5 materials, 2006, 27 4 535-543.
2006, 41 6 327-330. [9]  Chevalier J, Cales B, Drouin JM. Low temperature aging of Y-
HUANG Hui, ZHANG Fu-qiang, SUN Jing, et al. Effect of three TZP ceramics[J]. ] Am Ceram Soc, 1999, 82 8 2150-2154.
kinds of rare earth oxides on chromaticity and mechanical pro- [10] Papanagiotou HP, Morgano SM, Giordano RA, et al. In witro
perties of zirconia ceramic[J]. Chin J Stomatol, 2006, 41 6 327- evaluation of low—temperature aging effects and finishing pro—
330. cedures on the flexural strength and structural stability of Y-
[2] ) . Pr,0;  ZrO, [J]. TZP dental ceramics[J]. J Prosthet Dent, 2006, 96 3 154-164.
, 1999, 2 4 329-333. [11] Ardlin BL Transformation —toughened zirconia for dental inlays,
WANG De—ping, HUANG Wen—hai. Effect of colouring agent crowns and bridges Chemical stability and effect of low —
Pr0; addition on properties of zirconia ceramics|[J]. J Building temperature aging on flexural strength and surface structure[J].
Mater, 1999, 2 4 329-333. Dent Mater, 2002, 18 8 590-595.
[3] , ) ,
[J]. , 2008, 26 5
472
[31] Smith AJ, Lesot H. Induction and regulation of crown dentino— 115 2 403-420.
genesis  Embryonic events as a template for dental tissue repair [37] Vainio S, Karavanova I, Jowett A, et al. Identification of BMP-4
[J]. Crit Rev Oral Biol Med, 2001, 12 5 425-437. as a signal mediating secondary induction between epithelial and
[32] Smith AJ. Vitality of the dentin-pulp complex in health and di- mesenchymal tissues during early tooth development[J]. Cell, 1993,
sease  Growth factors as key mediators[J]. J Dent Educ, 2003, 75 1 45-58.
67 6 678-689. [38] Thesleff I, Vaahtokari A, Partanen AM. Regulation of organo—
[33] Kiyozumi D, Osada A, Sugimoto N, et al. Identification of a genesis. Common molecular mechanisms regulating the develop—
novel cell —adhesive protein spatiotemporally expressed in the ment of teeth and other organs|J]. Int J Dev Biol, 1995, 39 1
basement membrane of mouse developing hair follicle [J]. Exp 35-50.
Cell Res, 2005, 306 1 9-23. [39] Kaneko H, Hashimoto S, Enokiya Y, et al. Cell proliferation and
[34] Tsukada H, Ishikawa H, Nakamura S, et al. Developmental changes death of Hertwig's epithelial root sheath in the rat[J]. Cell Tissue
of the vasculature in the periodontal ligament of rat molars A Res, 1999, 298 1 95-103.
scanning electron microscopic study of microcorrosion casts[J]. J [40] Lambrichts I, Creemers J, Van Steenberghe D. Periodontal neural
Periodontal Res, 2000, 35 4 201-207. endings intimately relate to epithelial rests of Malassez in humans.
[35] Lumsden AG. Spatial organization of the epithelium and the role A light and electron microscope study[J]. J Anat, 1993, 182 Pt 2
of neural crest cells in the initiation of the mammalian tooth 153-162.
germ[J]. Development, 1988, 103 Suppl 155-169. [41] Wu J, Jin F, Tang L, et al. Dentin non-collagenous proteins
[36] MacKenzie A, Ferguson MW, Sharpe PT. Expression patterns of dNCPs  can stimulate dental follicle cells to differentiate into

the homeobox gene, Hox—8, in the mouse embryo suggest a role

in specifying tooth initiation and shape[J]. Development, 1992,

cementoblast lineages[J]. Biol Cell, 2008, 100 5 291-302.



