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ABSTRACT

Fine-grained, sinterable lithium oxide powder was prepared by high-temperature

vacuum calcination of molten lithium carbonate. The product was ball milled,

cold pressed, and fired in an oxygen atmosphere. The fired density, grain

size, and surface roughness varied widely with firing schedule. Most

variations were attributed to moisture content. Rings of high-density,

sintered lithium oxide will be used in an in-reactor experiment to measure

tritium release.

INTRODUCTION

The Chalk River In-Reactor Tritium Instrumented Capsule (CRITIC) is an

in-reactor experiment described elsewhere in this symposium. It is

essentially constructed for continuous in situ monitoring of tritium

release. The material for the first test, CRITIC-I, is lithium oxide in the

form of a right circular cylindrical shell 10 cm high x 4 cm OD x 3 cm ID.

This paper documents the fabrication of lithium oxide for the CRITIC-I

experiment. Some interesting correlations between the sintering schedule,

fired density, and grain size are also presented.

REQUIREMENTS AND SPECIFICATIONS

Recently reported results of high tritium release rates and the desire on

the part of the experimenters to obtain release rate data through the use of

controlled temperature fluctuations led to the requirement of relatively high
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density (~90% theoretical) and large grain size (~60 pm). In order to

minimize temperature gradients, nuclear heating is kept Co a minimum by using

lithium depleted in ^Li. Nominal °Li isotopic content was 1.53 wt % of total

lithium. Lithium carbonate and hydroxide content were each required under 0,5

mol % while the chloride and fluoride content requirements were less than

150 wt ppm each. The specified total cation impurity content was <0.2 wt %.

Because of the expected difficulty in producing a 10 cm long sample, the

lithium oxide was fabricated in the form of rings ~0.75 cm high that could be

stacked to a total height of 10 cm.

PROCEDURE

Depleted lithium was obtained from the Oak Ridge Y12 Plant in the form of

lithium carbonate. Past work at Argonne (much of it not previously reported)

led to the conclusions that lithium oxide reacts readily with moisture in the

air, and that binder is difficult to remove during sintering. A small amount

of moisture acts as binder and sintering aid so that essentially full density

can be achieved at a firing temperature of 65O°C. The moisture also enhances

grain growth.

Based on past experience, the fabrication process depicted in Fig. 1 was

chosen. Lithium oxide was synthesized by calcining lithium carbonate at

~1000cC in an inductively heated platinum crucible. Total pressure was

maintained under 2000 urn Hg by mechanical vacuum pumps. The lithium oxide was

scraped from the crucible and loaded into a ball mill jar under dry condi-

tions. After alumina ball milling for 16 h, the material was screened and dry

pressed in an annular die. Each green piece was sintered in a controlled

atmosphere of oxygen dried to a dew point of -40°C. Final tolerances were

achieved by diamond grinding. The firing schedule is shown in Fig. 2. It was

comprised of a 4-h soak in dry oxygen at room temperature, a rather rapid
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heatup to 425°C at 200°C/h, a much slower heat to 675°C at 10°C/h, 100°C/h to

800°C, a 4-h hold, and a 150°C/h cooldown. Actually, below 500°C the furnace

power was off, and the furnace cooled somewhat more slowly. The 800°C

temperature was chosen so as to minimize any further sintering during the

in-reactor experiment and to decompose any residual carbonate.

A sintered ring is shown in Fig. 3. While some chips are present at the

edges, it is of fairly good quality. A typical microstructure is shown in

Fig. 4. Isolated porosity is evident. The grain size is ~60 pm.

During initial attempts to sinter the rings, the density was found to be

particularly sensitive to the heating rate between 425 and 675°C. To explore

this further, 1/4-in. diameter pellets were pressed and fired under identical

conditions, except for the heating rate between 425 and 675°C. Three

i

different heating rates in this critical temperature range are identified in

Table I as 10°C/h, 75°C/h, and 2OO°C/h. Grain size as measured by the

intercept method and sintered density of pellets heated at each of these rates

are included in the table. The microstructures of two of these samples, one

heated at 10°C/h and the other at 75°C/h, are compared in Fig. 5.

The authors believe that the variations in density and microstructure

were the result of lithium hydroxide which is formed after moisture is

adsorbed by L^O. Lithium hydroxide begins to dissociate at 425°C in an O2

atmosphere and melts above 450°C. Rapid heating permitted lithium hydroxide

to melt, resulting in liquid phase sintering and extensive grain growth. Slow

heating promoted dissociation and volatilization of moisture, leaving little

liquid phase. These phenomena are illustrated in Fig. 6. Here the dew point

of the effluent oxygen is plotted as a function of temperature during

sintering for two different heating rates. The schedules were identical

except for the heating rate between 425 and 675°C. In this comparison, one
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sample was heated at 200°C/h while the other was heated at 75°C/h. The dew

point of the effluent oxygen was lower at all temperatures above 425°C for the

sample heated at the slower rate. This is because that sample remained cooler

for a longer period of time, allowing time for the dissociation of the

hydroxide and the removal of the product water vapor. Further evidence for

this explanation is presented in Fig. 7. Here is a comparison of grain size

between the center of a sample and the edge. Figure 7a is a micrograph of the

center of the sample,, The grain size is 50 to 60 urn. The micrograph in Fig.

7b was taken near the edge of the sample with the edge just visible in the

upper left-hand corner of the picture. Near the edge, the grain size was

reduced to ~10 Jim. The reason for this reduction in grain size near the edge

was the dissociation of lithium hydroxide and the evolution of water vapor.

The dissociation jrate in the center was depressed because the escape of

moisture was impeded by the surrounding structure of lithium oxide. The

undissociated lithium hydroxide melted and aided oxide grain growth and

sintering.

CONCLUSION

At least 18 lithium oxide rings of specified dimensions, density, grain

size, and chemistry were produced (Fig. 8) from which were chosen a sufficient

number to stack 10 cm high. Grain size of 60 ym and density >90% of

theoretical were achieved through careful control of the firing schedule.
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INFLUENCE OF HEATING RATE ON GRAIN SIZE AND DENSITY

HEATING RATE GRAIN SIZE
425 - 675 PM
°C/HOUR

10 28

75 64

200 87

DENSITY
G/CC

1.78

1.90

1.93

X TD

88

94

96
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Fig. 1. Fabrication process for the production of CRITIC-I lithium oxide

rings.
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Fig. 2. Firing schedule for sintering CRITIC-I lithium oxide rings.



Fig. 3. Photograph of a sintered CRITIC-I lithium oxide ring.



Fig. 4. Typical CRITIC-I lithium oxide ring microstructure.



Fig. 5. Influence of heating rate on microstructure at (a) 10pC/h and

(b) 75°C/h.
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Fig. 6. Influence of heating rate on moisture content.



SURFACE ALWAYS HAS SMALLER GRAINS

CENTER SURFACE

Fig. 7. Comparison of fracture surface in SEM micrograph of edge vs interior

of same sample.
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Fig. 8. Sintered, diamond ground lithium oxide rings as prepared for

insertion into the CRITIC-I capsule.


