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The reaction of superconducting YBasCuzO, powder with water is studied kinetically.
The initial rate law is found as R, = k[S]2 [H301]8 where [S]o is the initial surface
area of the solid, a and b is found to be 0.94 + 0.02 and 0.318 4 0.002, respectively.
For 100.7 mg powder with a mean radius of 0.0265 mm at pH 7.00 and 298 K, R, is
2.21 x 10~% mol - min—!. Using a = 1 and b = 0.3, the rate constant, k, obtained at 283,
298 and 313 K is 0.64, 1.84 and 4.91 x 1073 mol - min~!-cm~2 - M—9-3_ respectively.

The activation energy is 50.0 kJ - mol~! and pre-exponential factor is 1.09 x 10% mol -

min~!. ecm~2.M~93, as calculated from the Arrhenius equation.
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1. Introduction

Since the discovery of high temperature superconductor with a T, higher than the
boiling point of nitrogen in early 1987 by Wu et al.! wide applications of super-
conductors in our daily life become foreseeable. However, high-T, superconducting
cuprates containing alkaline earth cations, such as YBasCusOr7_s (Y-123, T, =
93 K),2 (Big_Isz)SI‘QCaQCU3010+5 (Bi—2223, TC =110 K),B TIQBaQCaQCU3010+5
(']:‘1—22237 Tc =125 K)74 HgBagCagCugong[s (Tc =133 K)5 and (Sr0,7Cao,3)o,9Cu02
(T. = 110 K),5 are not stable in water or humid vapor.”® When they are in contact
with water, the constituent alkaline earth cation gradually dissolves and the pH of

the solution is increased.® 1® Mass equation of Y-123 in water is'®!7

YBasCuszO7 + 1.5 H,O
— 2.5 CuO + 1.5 Ba®* +3 OH™ + 0.5 Y,BaCuO5 + 0.25 O5. (1)

Basicity of barium oxide is the highest among the common alkaline earth oxides.
As a result, the deteriorating rate of Y-123 in water is quite high compared

with other non-barium containing cuprate superconductors, such as Bi-2223.12:18:19

*The corresponding author.
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Although Y-123 is greatly degraded by water and humid air,%2% this effect should
not preclude its practical application since it is possible to protect Y-123 by coating
of silver or glass.2! 24 Although most of the literature reports are focusing on the
reaction of high-T,. superconductors with water or vapor qualitatively,!16:17
have investigated the reaction of Bi-2223 with water kinetically.'*'° It is found that
the rate law is first order dependent on the surface area of the powder sample, and
the reaction rate is greatly reduced at high pH.'*® Since Y-123 is the most widely
studied high-T, superconductor, and its application in the large or small-scale device
is under developed, it is important to have kinetic data about the reaction of Y-123
with water. In this paper, the reaction of Y-123 with water is investigated kinetically
and the results are compared with those obtained for Bi-2223.

we

2. Experimental

Y-123 powder obtained from Materials Research Laboratory, Industrial Technology
Research Institute in Taiwan, was re-sintered and re-annealed before the reaction
with water. Crystalline phase was examined by a Mac Science MXP3 X-ray
diffractometer. T, was obtained from a resistivity temperature curve, in which
temperature was measured by a silicon diode sensor near the sample. In the kinetic
study, the powder sample was sieved to control the surface area. Its radius is
calculated according to the average openings on the sieves to catch the sample.
Approximately 50-200 mg of Y-123 powder was used for each experimental con-
dition. Surface area of the powder was calculated from the formula weight, unit cell
parameters and the average radius. Reaction vessel was jacketed and circulated with
constant temperature water from a circulating bath. Reaction was done in a close
system to avoid the interference of the CO5 in ambient. In order to keep the activity
coefficient of the ions at constant during the reaction, all the solutions employed
in this study contain 0.100 M NaNO3. Standardized HCl(,q) with a concentration
ea. 0.01 N is filled inside a burette controlled by a Radiometer autotitrator. Acid
was automatically added into the reaction solution to keep the pH of the reaction at
constant. Volume of the acid added with respect to the reaction time was recorded
for calculating the initial rate and the reaction order according to the rate law.
Activation energy (F,) and pre-exponential factor (A4) of the reaction at different
temperature are calculated according to the Arrhenius equation.?®

3. Results and Discussion

Superconducting transition temperature, T, (onset)> Te(zero) and AT (10-90%) of Y-123
is found as 93, 92 and 0.7 K, respectively. It is comparable to the literature report.2°
According to the chemical Eq. (1), the rate equation of Y-123 in water is written
as follows:

R = —d[Y — 123]/dt = d[Ba®>"]/1.5dt = d[OH"]/3 dt
= d[H307]/3dt = k[Y — 123]*[H;07]® = k[S]*[H;0T]°. (2)
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The amount of OH™ ion produced in the reaction is the same as the amount of
H30% added into the solution when pH is kept constant. Thus,

d[OH™]/3dt = d[H50%]/3 dt .

Because Y-123 is not soluble in water, no concentration is available for [Y-123].
However, its reaction rate should be dependent on the surface area, S, of the Y-123
solid. Thus, [Y-123] is replaced by [S] in the rate law so that particle size becomes
an important parameter for the reaction rate studies. Surface area of the powder
is calculated from the formula weight, unit cell parameters and the average radius.
If there are micro-porous holes present in the particles, the surface area calculated
from the mean radius should be less than the real surface area in contact with
water, and the reaction rate should be different by the following two approaches:
(1) keeping the weight of the sample at constant and changing the mean radius of
the powder, (2) keeping the mean radius of the powder at constant and changing
the weight of the sample. For these two approaches, reaction order obtained is the
same and reaction rate is linearly dependent on the calculated surface area. It is
concluded that reaction rate is mainly contributed by the reaction on the surface
of the particles.

In order to avoid the interference by the reversed reaction, only the initial rate
is taken into account in this experiment. Equation (3) is employed for calculation.

R, = d[H307],/3dt = k[S]*[H301]°. (3)

R, is obtained by extrapolating the curve of the reaction rate (R) versus the reaction
time (t) to ¢ = 0. Keeping pH of the solution at constant, varying the surface area
of Y-123, the reaction order a is obtained. Table 1 lists the relationship between the
reaction temperatures, the amount of the particles, surface areas and initial rates

Table 1. At constant pH (7.00), initial reaction rate of
Y-123 with water at different temperatures for powders
with a mean radius of 0.0265 mm.

T/K  Weight/mg So/cm? Ro/10~% mol - min~?

283 51.7 9.23 0.429
100.4 17.9 0.792
150.6 26.9 1.158
200.9 35.9 1.583
298 54.7 9.76 1.212
100.7 18.0 2.208
150.6 26.9 3.193
200.3 35.8 4.052
313 51.6 9.21 3.262
100.5 17.9 5.941
150.7 26.9 8.926

200.7 35.8 11.889
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for the Y-123 reaction with water. As expected, reaction rate (R,) increases with
increasing the reaction temperatures and the amount of the samples. Initial rate is
found in the range of 107°~10~% mol - min~'. Plotting log R, versus log [S], for
the reactions of Y-123 with water at 283, 298 and 313 K at constant pH (7.00),
three linear lines are obtained as shown in Fig. 1. Slopes of them are 0.95 &+ 0.02,
0.93 + 0.02 and 0.95 + 0.02, respectively. All of them have a regression coefficient
of 0.99. The average value of the slopes is 0.94 £ 0.02, very close to 1, which is
used for further calculation. Slope of these lines is the reaction order of the surface
area, a. In other words, reaction rate is linearly dependent on the surface area of
the Y-123 powder. Reaction order a obtained for Bi-2223 is also close to 1, which is
1.01 £ 0.03.15 First order dependence of the surface area to the reaction rate seems
common for non-soluble solid.

The same method is employed for finding the reaction order of [H3O™]. Table 2
lists the data for obtaining b. R, is obtained for each specific pH from 6.00 to 9.00. In
each run, pH of the solution is kept at constant, which is controlled by the addition
of the standardized HCl(,q) and monitored by an autotitrator. At 298 K, keeping
the surface area of Y-123 powder as constant, the reaction order b is calculated
from the slope of the linear line in Fig. 2. A straight line with b = 0.318 & 0.002 is
obtained with a regression coefficient of 0.99. Initial rate is increased with decreasing
pH of the solution. In the acidic condition, the OH™ ion produced in the reaction

30 313K

o35 F 298 K
x
[®)]
@)

- 283 K

4.0+
45 L L L L
1.0 1.2 14 1.6
log [S],

Fig. 1. log R, versus log[S]o for the reaction of Y-123 with water at constant pH (7.00).

Table 2. At 298 K, initial reaction rate of Y-123 with water at
different pH for powders with a mean radius of 0.0265 mm.

Weight/mg ~ So/cm?  pH  log[H3Ot]o Ro/107* mol - min~—?!

150.6 26.9 6.00 —6.00 6.660
150.6 26.9 7.00 —7.00 3.193
150.6 26.9 8.00 —8.00 1.567

150.4 26.8 9.00 —9.00 0.733
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Fig. 2. log R, versus log[H3O™], for the reaction of Y-123 with water at 298 K.

Table 3. Rate constant for the reaction of Y-123
with water at different temperatures.

T/K logk k/1073 mol-min~!.cm™2.M~0:3

283 —-3.19 0.64 £0.01
298 —2.74 1.84 £0.02
313 —2.31 4.91 +£0.01

is neutralized by acid and the reaction is accelerated. On the contrary, in the basic
condition, OH™ ion acts as an inhibitor, which suppresses the reaction. Therefore,
keeping Y-123 in a basic condition is one way to reduce deterioration. The b value
obtained for Bi-2223, 0.196 4 0.004,'° is significantly smaller than that for Y-123,
suggesting that the catalytic effect of H3OT ion for the reaction of Y-123 with water
is greater than that for Bi-2223. Hence, the stability of Y-123 is greatly enhanced
in a low [H30™] condition or a high pH.

The reaction rate constant, k, is obtained from Fig. 1. The interception of the
linear line to the y-axis equals to log k, and k are 0.64, 1.84 and 4.91 x 10~2 mol -
min~!-em~2 - M~93, for the reaction at 283, 298 and 313 K, respectively, listed in
Table 3. In general, the rate constant is doubled when the reaction temperature is
increased by 10 K. Obviously, the reaction of Y-123 with water is typical since it
increases 8 fold from 283 to 313 K. Reaction rate constants obtained for Bi-2223
at 283, 298 and 313 K are 0.399, 0.870 and 1.95 x 10~3 mol - min~! - em~2 - M~0-2,
respectively. Since k of Y-123 is larger than that of Bi-2223 at each temperature
studied, the reactivity of Y-123 is clearly higher than that of Bi-2223. This is likely
because Y-123 contains a stronger base, BaO, and Bi-2223 contains weaker bases,
CaO and SrO. Similar conclusion is also obtained by another group.!?

According to the Arrhenius equation,?® k = A exp(—FE,/RT), activation energy
(E,) and pre-exponential factor (A) can be obtained from Fig. 3, which is a plot of
In k versus 1/T. E, calculated from the slope is 50.0 + 0.3 kJ - mol " and A from
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Fig. 3. Ink versus 1/T for the reaction of Y-123 with water.

the intercept is 1.09 x 10¢ mol - min™!-ecm=2 - M~93. A large F, indicates that
the stability in water is greatly enhanced at low temperatures. E, and A obtained
in Bi-2223 are'® 39.1 +£0.2 kJ - mol™" and 6.8 x 1072 mol - min~!-cm—2 - M~0-2,
Activation energy of Y-123 reaction with water is larger than that of Bi-2223,
indicating the sensitivity of Y-123 with respect to temperature is higher than that
of Bi-2223. It is suggested that keeping Y-123 at a low temperatures is one way to
increase its stability in water.

Acknowledgment

We thank Industrial Technology Research Institute, Materials Research Laboratory
of Taiwan for the gift of Y-123. This work is supported by the National Science
Council of Taiwan.

References

1. M. K. Wu, J. R. Ashburn, C. J. Torng, P. H. Hor, R. L. Meng, L. Gao, Z. J. Huang,
Y. Q. Wang and C. W. Chu, Phys. Rev. Lett. 58, 908 (1987).

2. M. A. Beno, L. Soderholm, D. W. Capone, D. G. Hinks, J. D. Jorgensen, J. D. Grace
and I. K. Schuller, Appl. Phys. Lett. 51, 57 (1987).

3. J. M. Tarascon, Y. Le page, P. Barboux, B. G. Bagly, L. H. Green, E. R. Mckinnon,
G. W. Hull, M. Giround and D. M. Hwang, Phys. Rev. B37, 9382 (1988).

4. R. M. Hazen, L. W. Finger, R. J. Angel, C. T. Prewitt, N. L. Ross, C. G. Hadidiacos,

P. J. Heaney, D. R. Veblen, Z. Z. Sheng, A. El Ali and A. M. Hermann, Phys. Rev.

Lett. 60, 138 (1988).

A. Schilling, M. Cantoni, J. D. Guo and H. R. Ott, Nature 363, 56 (1993).

M. Azuma, Z. Hiroi, M. Takano, Y. Bando and Y. Takeda, Nature 356, 775 (1992).

N. P. Bansal and A. L. Sandkuhl, Appl. Phys. Lett. 52, 323 (1988).

I. Nakada, S. Sato, Y. Oda and T. Kohara, Jpn. J. Appl. Phys. 26, L697 (1987).

D. K. Pham and Z. R. Peng, J. Mater. Res. 6, 1148 (1991).

M. F. Yan, R. L. Barns, H. M. Oryan Jr., P. K. Gallapher, R. C. Sherwood and S. Jin,

Appl. Phys. Lett. 51, 532 (1987).

LN w



July 21, 2003 10:48 WSPC/140-1JMPB 02152

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.

25.
26.

Kinetic Study on the Reaction of YBaz Cuz Oy Powder with Water 7

A. Barkatt, H. Hojaji, V. R. W. Amarakoon and J. G. Fagan, Mater. Res. Bull. 9,

45 (1993).

J. Dominec, L. Smrcka, P. Vasek, S. Geurten, O. Smrckova, D. Sykorova and B. Hajek,

Solid State Commun. 65, 373 (1988).

K. R. Ross and M. J. Westphal, J. Appl. Phys. 75, 408 (1994).

T. P. Wei, C. M. Wang and H.-C. I. Kao, Physica C214, 179 (1993).

C. M. Wang, T. P. Wei and H.-C. 1. Kao, Physica C215, 391 (1993).

R. L. Barns and R. A. Laudise, Appl. Phys. Lett. 51, 1373 (1987).

J. P. Zhou and J. T. McDevitt, Chem. Mater. 4, 953 (1992).

J. P. Zhou, S. M. Savoy, R. K. Lo, J. Zhao, M. Arendt, Y. T. Zhu, A. Manthiram and

J. T. McDevitt, Appl. Phys. Lett. 66, 2900 (1995).

J. P. Zhou, D. R. Riley, A. Manthiram, M. Arendt, M. Schmerling and J. T. McDevitt,

Appl. Phys. Lett. 63, 548 (1993).

J. P. Zhou, S. M. Savoy, J. Zhao, D. R. Riely, Y. T. Zhu, A. Manthiram, R. K. Lo,

D. Borich and J. McDevitt, J. Am. Chem. Soc. 116, 9389 (1994).

J. T. McDevitt, C. A. Mirkin, R. K. Lo, K. Chen, J. P. Zhou, F. Xu, S. G. Haupt,

J. Zhao and D. C. Jurbergs, J. Am. Chem. Soc. 118, 11295 (1996).

M. F. Barba, P. Ortega, E. Saiz and J. S. Moya, Mater. Lett. 10, 149 (1990).
bibitem23 E. Saiz and J. S. Moya, Supercond. Sci. Technol. 5, 130 (1992).

T. G. Chen, S. Li, W. Gao, H. K. Liu and S. X. Dou, Physica C303, 202 (1998).

W. Wu, C. Y. Chu, J. L. Routbort, J. D. Hodge, L. J. Klemptner, D. S. Applegate

and K. C. Goretta, Supercond. Sci. Technol. 7, 691 (1994).

J. H. Noggle, Physical Chemistry, 2nd ed. (Harper Collins, 1989), pp. 528-530.

A. M. Kini, U. Geiser, H.-C. 1. Kao, K. D. Carlson, H. H. Wang, M. R. Mongahan

and J. M. Williams, Inorg. Chem. 26, 1834 (1987).



