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Applying a Tantalum (Ta) Functional Gradient Coating (FGC)
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cubic phase of ZrO, at room temperature,
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To balance out the excess charge upon
X substitution, oxygen vacancies
2Ta,0, > 4Ta, = +V, "~ + 100, annihilate; oxygen promptly
accumulates within the YSZ lattice,
decreasing t/c phase stability

5 x Undoped Sinter All Samples glijsgt%ecstting ?_28’;?”())/ SALO, ¥ UZ1Yye)0,us @ MZIO,
- - * Tafr, . 0 #
Phase  Precipitation s 5 & sz _ ZTAS_ Translucency values increase due to Enhanced Ta-YSZ mechanical

Bx 0N T - e AW G 100 IS /1O0ng Ta,0; Doping 9: [T i non-birefringent properties special to high properties emerge from increased m
- A g ' . ' N ytrria concentration induced cubic YSZ phase transformation toughening due

N grains (Figure 11) to decrease in t/c phase stability

observed in XRD, and from smaller

densified grain structure due to the

. Hall-Petch effect, and observed via

" — vz - SEM. (Figure 12)

Sx15% Ta
Solution

Temparatre [*C)

b x60% Ta
Solution

— 1.5YSZ

Average grain size {jum)

ey e e S L
Clharartariss .

AT ACLETTZation | . -} ’ - Particles changing from
tetragonal to monoclinic

Figure 7: Increasing Ta,O, concentration’s inverse effect on tetragonal

YSZ phase stability (left), and significant TaZr, . .O, phase precipitation ) " ) '
Figure 5: Resultant Ta, O, Addition Effect on YSZ and Al,O, Average Grain Size (left) and (rightr; for YSZ touygLenéd alumi%a (ZTA) of iné'?rséassil?)g (ZTpA—O t% ) Ta Wavelength (nm) ol )
Corresponding YSZ Micrographs from Low (a) to High (f) Ta,O, Addition (right) Among

: concentration Figure 11: Real In Line (RIT) and Total Forward
i i i i i 0,1, 3,5 10, and 15wt% Ta.O_. Dopant Concentrations g
Figure 2 Outlines Investigatation of [Ta] Influence on Mechanical, y 1y, 9, 9, 1Y, ,Ys DOP Transmission (TFT) of 1.5mol% - 8mol% Yttria

Optical, Phase, and Morphological Properties. Ta-YSZ synthesis 1 T T : : , Monoclinic
b
is Irrelevant to this Experiment Optlcal eStlng Concentrations in YSZ, Revealing Translucency Tetragonal  Phaseparticle  _ Monoctinic .’ P

| ncrease phase particle L-...-] phase particle phase particle

SEM/ Optical Mechanical
EDS Testing Testing

Lo o0 ] 45 ]

Contrast Ratio (CR) Values Figure 8: In-line Visual Figure 12: M Phase Transformation Toughening
translucency  increase Schematic

Timeline Roles & Contact - = ' S o

augmented yttria

Email : concentration (3, 4, 5
Week v . . . - . . . .
—— . mol%) in YSZ Refe re nces Kim, DJ., Tien, TY. Phase Stability and Physical Properties of Cubic and Tetragonal Zr02 in

the System Zr02-Y203-Ta205 (1991). Journal of the American Ceramic Society

Glidewell Equipment Training Steve Ho XRD Lead, SEM/EDS _ A . < I

Receive Samples SE Technician sjho1@uci.edu ‘ » '

Mechanical Testing SEM/EDS Lead, Raman Richards, D. One billion people have experienced a trau- Roitero Et al. Ultra-fine Yttria-Stabilized Zirconia for dental applications: A step forward in

Optical Property T;su'ng Spectroscopy Technician, ay matic dental injury (2018). Nature Portfolio. the quest towards strong, translucent and aging resistant dental restorations (2023). Jour-
skiehn@uci.edu

Raman Data Acquisition Expected pack Miehal | Mechanical Testing nal of the European Ceramic Society

15t EDS Run Nam de P “TXRD Technician. Machanical Translucenc Mao, F., et al. Combinatorial magnetron sputtering of
dam ae Forcern ecnnician BChanica - o 9 q
s bl Y AgeOZ il s @i dhe ddaivsio s (201 Zmak, |., et al. Hardness and Indentation Fracture Toughness of Slip Cast Alumina and

XRD Dala Acquisition Optional Materials & Design Alumina-Zirconia Ceramics (2019). Materials
Mechanical Data Analysis Brizuela (MSE) | SEM/EDS Technician jsbrizuefuci.edu

Ooioal Data Ansiysis Dr. Jae-Won JaeWon.Him@glidewell Spectrophotometry of 6mol% YSZ indicates enhanced Sathish, M. et al. A critical review on functionally graded
Corporate Advisor

Kim dental.com coatings: Methods, properties, and challenges (2021). Dong, Y., et al. A computational study of yttria-stabilized zirconia: Il. Cation Diffusion.
Faman + EDS Analysis 1 '

e e transparency value of ~ .41 upon linear regression. Ta Composites Part B: Engineering.  (2016) Acta Materialia.
XRD Pattern Analysis concentration may increase this value slightly, yet still

Litaratre Soarch Pardod Yudong S., et al. Effect of Ta205 addition on the micro- Akhlaghi, O., et al.Transparent high-strength nanosized yttria stabilized zirconia obtained

Final Report Drafting remain Competitive strupture 'gnd mechgnical properties Qf TiO2-added by pressure-less sintering (2022). Journal of the European Ceramic Society
yttria-stabilized zirconia-toughened alumina (ZTA) com-
posites (2018). Ceramics International Glidewell Dental

Final Report Revisions




