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In order to understand the reactions of yttria-containing
zirconia powder in aqueous solution, the dissolution behav-
ior of yttrium and the formation of the monoclinic ( m)
phase of the Y-TZP powder were investigated. The tests
were conducted in aqueous solution at temperatures up to
95°C. The results showed that the reaction order of yttrium
dissolution from the surface of TZP powder is 5-9, and the
activation energy is about 8.4 kJ/mol. However, the value of
the reaction order is different from that (0.96-1.20) of the
formation of m-phase. However, the yttrium dissolution of
the slurries with the addition of 2 mol% dispersant (D-134)
was reduced greatly to an extremely low (<2 ppm) level up
to 24 h at the testing temperatures. The results also showed
that the amounts of m-phase formation were nearly the
same for the powders in the slurries with or without D-134
addition. The decrease of yttrium content in the presence of
D-134 and the formation of them-phase of the TZP powder
were not closely related. The degradation mechanism, or
the formation of m-phase, should not be directly related to
the dissolution of yttrium ions from a zirconia surface.

COLLOIDAL processing of fine ceramic powders has been an
important method for making parts because of its uni-
form microstructure and strong propertieslowever, the uses
of Y-doped tetragonal polycrystalline (Y-TZP) powder in

Introduction

In addition, Yoshimurat al# have proved that hydroxide ions
adsorb onto the surface of hydrothermally treated Y-TZP by
using the IR technique. Additionally, Langs al> have re-
ported on the yttrium dissolution of 6.6Y-ZgQn solution,
forming a-Y(OH); to a thickness of 20-50.m by TEM ob-
servation. The cubic zirconia phase where the yttria content is
depleted on the surface becomes the nucleation site of the
m-phase. The phenomenon of yttrium dissolution has also been
confirmed by Thompson and Rawlin§ddowever, the diffu-
sion coefficient of OH is faster than that of & and the dif-
fusion coefficients of both ions are faster than that &f".Y
Therefore, the dissolution of yttrium is not the main cause
of the degradation of bulk TZP samples. In fact, the inter-
action between OHand Y-TZP is the major reason for the
degradation.

In addition, Satet al® and Standarét al** have concluded
that the relationship between the amount of monoclinic phase
and the aging time is a first-order reaction independent of the
grain size of sintered TZP. According to the activation energy
of the reaction, the degradation of the zirconia is controlled by
an interfacial chemical reaction.

In order to understand the possible reactions of TZP powder
in a suspension stage, the yttrium dissolution and the amount of
monoclonic phase of the powder were quantitatively measured.
The influence of the aqueous carrier on the Y-containing zir-
conia powder could be used to understand the degradation
behavior of Y-TZP at ambient temperature.

aqueous suspension require further attention due to the re-

ported yttrium dissolutior. It has been reported that Y-TZP
experiences phase transformation from tetragotjapliase

to m-phase and mechanical degradation when aged at 60—

400°C2-12 Moreover, this phenomenon is more pronounced
if the environment contains a humid atmosphere or water va-

Il. Experimental Procedure

(1) Measurement of Yttrium Dissolution
D-134 (Dai-Ichi Kogyo Seiyaku Co., Ltd., Japan; O or 2

por. Therefore, the application of Y-TZP is limited to room mol%) was added to the TZP slurry (TZ3Y powder, Tosoh Co.,
temperature or dry conditions because of its mechanical Japan) as a dispersant. D-134 is an ammonium salt homopoly-
degradatior?—14 mer with a 2-propenoic acid group. These slurries were milled
However, the reports concerning the degradation mechanismfor 10 min, then sealed in a glass tube and aged at 25° to 95°C
of bulk zirconia materials offer serveral possibilities. One of for 3 to 24 h. The aged powder and the clear supernatant
the proposed possibilities is that the decrease in strength issolution were separated using a centrifugal technique. The
mainly correlated to stress corrosion when the materials con- clear solution was sampled to test for the yttrium concentration

tain surface cracks. Sato and Shimadave proposed that
hydroxide ions can adsorb onto the surface of zirconia mate-
rials via van der Waals forces and form Zr—OH. According to
the weight change, the interaction of Y-TZP with®ican be
expressed as follows:
(Zr15Y )05 oy + 8H,0 —
(Zr1Y 002 25 5(OH)25 25 (1)

Approximately 60% of oxygen vacancies are occupied by OH
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(ICP, AtomScan 16, Thermal Jarrell Ash Co., USA).

Prior to the measurement of the yttrium content, a series of
yttrium standard solutions containing 0, 25, 50, 100, or 200
ppm yttrium were used for the calibration of spectrum inten-
sity. The calibration curve revealed a good linear relationship
within 200 ppm concentratiot. In order to avoid spectrum
shift, the slurry containing 100 ppm yttrium was used for regu-
lar calibration every four measurements.

(2) Phase Transformation of TZP

The powder obtained from centrifugal treatment was dried at
105°C and milled to pass 120 mesh. The changerghase
content was quantitatively determined by using X-ray diffrac-
tometry (XRD, PW1792, Philips Instruments, Netherlands) ac-
cording to the procedure given by Torageal 1> and Garviest
al.’6 The XRD was operated at 40 kV and 30 mA. The quantity
of mphase formation could be measured with a reproducibility
of 3%.
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Ill.  Results and Discussion 2.00

(1) Yttrium Dissolution 175
The amount of yttrium content in the TZP slurry with 0 or 2

mol% D-134 is shown in Fig. 1, which is a plot of the amount

of yttrium dissolution, In [-In (1 -C)], versus the aging time,

In t. This amount increases exponentially with increasing aging

time. Furthermore, the saturation concentration of the yttrium

decreases as the aging temperature decreases. The best fitting

equations are shown in Fig. 1 at various aging temperatures. As

1.00

In Conc. of Yttrium lon (ppm)

seen in Fig. 1 the dissolved yttrium content in the slurry is low 0.75 Vv

when aged at 25°C. In addition, the yttrium content of the N Ta
slurry with 2 mol% D-134 is extremely low when aged at 030 - A s0C
25-95°C (Fig. 2). Furthermore, the aging temperature shows B O esc

no significant effect on the amount of yttrium dissolution. The 025

interaction of D-134 with the TZP powder surface might in- R T S S B SR
terfere with the dissolution behavior of yttrium in aqueous 0 2 4 6 8 10 12 14 16 18 20 22 24

solution.

When the slurries without D-134 addition have yttrium dis-
SOlu.t'On' a diffusion m_odel of Ytt”“m fro_m the surfac_e of T_ZP Fig. 2. Yttrium concentration in the suspension with 2 mol% D-134
particles can be considered. The kinetics of the yttrium disso- 4t various temperatures plotted against aging time.
lution can be expressed as follows:

—1 _ | n
C=1-exp-kt) (23) Table I. Values of n, 1/n, Reaction Constantk;,), and
1-C=exp(-k;t") (2b) Activation Energy (Q,) for Yttrium Dissolution from the

Surface of TZP Powder to Aqueous Solution

Aging Time (hr)

whereC is the concentration of yttrium ions in the solutidn,

is the aging time (hoursk, is the reaction constant, anchls Congﬂg}?(oc) n Un K (kJ?r;ol)
the reaction order. After calculating the natural logarithm %5 011 o1 R
twice, Eq. (2) becomes 50 0.15 6.7 41% 10
IN[-N@-C)] =nint+Ink, 3) 37 0.19 5.3 2.7 %10
25 0.18 5.6 0.80 x 10 8.4

From the above equations the reaction orden)(bf the
yttrium dissolution is from 5 to 9 with or without D-134. More-
over, the activation energy can be calculated based on the
Arrhenius equation, the m-phase in the 95°C/6-h-aged powder is obviously greater

_ o than the as-received. Suppose the amount of monclinic phase
Ink, = [-Q/RT+B “) can be expressed as follows:
whereQ;, is the activation energy (J/moRR is the gas constant
(8.314 J/(mokK)), and B is a constant. When the Iy value M = 1 - exp(K:;t™) (5)
obtained was plotted against inverse aging temperature, the

o . . “whereM is the amount ofm-phasek, is the reaction constant,
_?_gtkl)\llstllon energy obtained was about 8.4 kJ/mol, as shown in and 1mis the reaction order of the transformation. After cal-

culating the natural logarithm twice, Eq. (5) becomes
(2) Formation of Monoclinic Phase

Figure 3 is the X-ray diffraction spectra of as-received and

aged TZP powders at different temperatures. The quantity of 1000
as-received
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Fig. 1. Yttrium concentration in the suspension as a function of
aging temperature and time. The sample with D-134 was tested atFig. 3. X-ray spectra of TZP powders either as-received or aged in
37°C. 95°C aqueous solution for 6 h.
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N[N @X-M] =mint+Ink, (6)

The best fit equations are shown in Fig. 4 at each testing
temperature. From the figure the reaction orden i from
0.96 to 1.20 fom-phase transformation of YTZP powder. The
amount ofm-phase formed during the aging test increases ex-
ponentially with increasing aging time. Also the amount of the

m-phase increases with aging temperature. The percentage of -

the m-phase may increase to 68% if the aging conditions last
for 24 h at 95°C. When comparing two slurries with 0 or 2
mol% D-134 addition and aging at 37°C, the transformed
phase of these TZP powders is almost identical.

The values ok, at each testing temperature obtained have

also been plotted against inverse aging temperature. The results -

obtained by Shimuzet al** and Satcet al2 are also shown in
Fig. 5. The activation energ®, is obtained from the slope of
the best fit lines in Fig. 5. The activation enerQy of this test

is 36.2 kJ/mol and is close to but not equal to that obtained in
the literature®>14 The value of the reaction order and the acti-
vation energy reveal that the transformation reaction is inter-
facial control through the diffusion of OHmolecules into the
TZP surfacé?

Some researé¥ suggests that the yttrium dissolution of
zirconia materials, causing local phase instability, leads to the
formation of monoclinic phase. In fact, the dissolution of yt-
trium ions is retarded by the use of D-134 dispersant. The
results that we obtained show different trends in yttrium dis-
solution andn-phase formation. Therefore, it can be concluded
that yttrium dissolution is not the controlling factor leading to
m-phase formation.

IV. Conclusion
(1) During colloidal processing, TZP powder with a high

specific surface area undergoes yttrium dissolution and the

formation of m-phase.
(2) The reaction order @/of yttrium dissolution from the
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Fig. 5. Arrhenius plot of the reaction constakbf yttrium dissolu-
tion for Y-TZP powder in water.

show that the reaction ordermito form m-phase in aqueous
solution is from 0.96 to 1.20 and the activation energy is ap-
proximately 36.16 kJ/mol. This is consistent with the reaction
kinetics controlled by the interfacial reaction induced by water
molecules.
(4) The addition of D-134 cannot alter the transformation

of mphase. This phenomenon contradicts the results of yttrium
dissolution.
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