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Evaluation of Beryllium Pebble Produced

by Rotating Electrode Method

%
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A proposal have been made by Japan on fusipn blanket design carried
out under the ITER/CDA (Conceptual Design Activity) to use of 1 mm
diameter beryllium pebbles, i.e. the pebble-type tritium breeding blanket.
In this paper, the production technology, thermal and mechanical properties
of the beryllium pebbles were studied. For the fabrication technology,
pebble production with the low impurity and low cost were developed by
using improved rotating electrode method. The thermal expansion
coefficient and specific heat of the unirradiated pebble samples were
measured by the laser interferometer and differential scanning calorimetry
(DSC), respectively. These thermal properties were almost identical to
those of the hot-pressed beryllium. The collapse test was conducted for
the evaluation of breaking properties. The breaking load of beryllium

pebbles did not change by heating of 600°C and 1000 hour in high purity
helium gas (6N).

Keywords : Tritium Breeding Blanket, Beryllium, Rotating Electrode

Methods, Thermal Expansion Coefficient, Specific Heat,

Collapse Test
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Table 1 Comparison of production method.
Method Equipment| Sphericity Size |Impurity] Mass Cost
{mm) production
Mechanical process - E 3 G B B
Mg reduction Fig. 2 G 0.2-5 B E E
Inert gas Fig. 3 B 0.2-04 G E G
Atomization Vacuum Fig. 4 B - G E G
Rotating disk | Fig. 5 B 0.1 G E G
Rotating electrode Fig. 6 E 0.3-1.2 E G G

E: excellent, G: good, B: bad

Table 2 Chemical Compositions of the beryllium electrode

*1: produced from hot-pressed beryllium electrode.
*2. produced from vacuum cast beryllium electrode.

and pebble.
Sample Chemical Composition (wt. %)
BeOQ | Al Fe Mg Si | .Mn Cr F Co
Hot- Electrode | 1.25 | 0.047 | 0.085|0.037 | 0.029 | 0.007 | 0.009 0.07 | <0.001
pressed Pebble 1,36 | 0.048 | 0.084 | 0.031 | 0.022 [ 0.002 | 6.003 0.05 | <0.001
Vacuum | Electrode | 0.53 |0.047 {0.028 | 0.005 | 0.092 | 0.008 | 0.008; 0.04 | <0.001
cast Pebble 0.57 | 0.044 1 0.033 | 0.004 | 0.088 | 0.010 | 0.0053 0.03 | <0.001
Table 3 Density of beryllium pebbles.
Density (g/cm3)
No. Pebble type A"l Pebble type B2
Diameter (mm) | Diameter (mm) | Diameter (mm) | Diameter (mm)
1.19-1.0 1.0-0.84 1.19-1.0 1.0-0.84
1 1.803 1.811 1.804 1.795
2 1.795 1.776 1.785 1.798
3 1.788 1.802 1.781 1.783
Average 1.795 1.796 1.790 1.792
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Table 4 Sphericity of beryllium pebbles.
Sphericity (%) *!
No. Pebble type A"2 Pebble type B*3
Diameter (mm) | Diameter (mm) | Diameter (mm) | Diameter (mm)
1.19-1.0 1.0-0.84 1.19-1.0 1.0-0.84
1 0.1 0.1 0.6 0.1
2 7.0 14 0.8 1.4
3 1.5 1.2 1.4 1.2
4 0.6 1.0 1.1 1.0
5 0.6 1.7 1.5 1.7
Average 2.0 1.1 1.1 1.1

‘1. (Dmax—Drrﬁn)fDave X 100
*2. produced from hot—pressed beryllium electrode.
*3: produced from vacuum cast beryllium electrode.

Table 5 Specific surface of beryllium pebbles.
Specific surface (m%/g)
No. Pebble type A"l Pebble type B
Diamefer (mm) | Diameter (mm) | Diameter (mm) | Diameter (mm)
1.19-10 | 1.0-084 | 1.19-10 | 1.0-0.84

1 5.69x10°3 | 4.60x10-3 | 4.56x1073 | 4.68x1073
2 3.51x10°3 | 4.33x1073 | 683x1073 | 577x1073
Average | 4.60x10°3 | 4.47x1073 | 5.70% 103 | 5.23x10°3
s™3 3.07x10°3 | 3.63x10°3 | 3.08x1073 | 3.64x1073

*1: produced from hot—pressed beryllium electrode.
*2: produced from vacuum cast beryllium electrode.
*3 . *S" was calculated from the density and average diameter.
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Table 6 Surface roughness of beryllium pebbles.
Surface roughness (1 m)
No. Pebble type A'l Pebble type B2
Diameter (mm) Diameter (mm) Diameter (mm) Diameter (mm)
1.19-1.0 1.0 — 0.84 1.19-1.0 1.0 - 0.84
1 Ra =0.65 Ra =1.56 Ra =0.28 Ra =0.39
Rmax=4.26 Rmax=8.37 Rmax=1.35 Rmax=2.09
2 Ra =0.33 Ra =0.64 Ra =0.21 Ra =0.71
Rmax=1.30 | Rmax=3.57 Rmax=1.31 Rmax=3.02
3 Ra =0.25 Ra =0.58 Ra =0.25 Ra =0.76
Rmax=1.16 Rmax=3.47 Rmax=1.37 Rmax=3.94
4 Ra =0.60 Ra =0.65 Ra =0.50 Ra =0.29
Rmax=3.61 Rmax=3.58 Rmax=3.06 Rmax=1.61
5 Ra =0.64 Ra =0.93 Ra =0.39 Ra =0.64
Rmax=3.57 Rmax=5.17 Rmax=2.27 Rmax=3.57
Averrge Ra =0.49 Ra =0.87 Ra =0.33 Ra =0.56
Rmax=278 | Rmax=4.83 | Rmix=187 | Rmax=2.85

1. produced from hot-pressed beryllium electrode.
*2 . produced from vacuum cast beryllium electrode.

Table 7 Grain size of beryllium pebbles.
No. Grain size (mm) -
Pebble type A™1 Pebble type B2
1 0.45 0.53
2 0.36 0.48
3 0.56 052
4 0.69 0.51
5 0.56 0.38
6 0.56 0.52
7 0.50 0.69
8 0.41 0.51
9 0.65 0.52
10 0.60 0.64
Average 0.53 0.53

*1: produced from hot-pressed beryllium electrode.
*2: produced from vacuum cast beryllium electrode.
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Table 8 The results of collapse test for untreated
beryllium pebbles.

Rotating electrode method

Mechanical method

Item
Pebble type A™? Pebble type B™ (Hot—pressed)

Sample number *3 5(26) 81 (124) 6 (6)
Average diameter (mm) 0.94 0.90 2.90
Average breaking load (kgf) 14 11 100
Average breaking 0.17 0.15 0.19
displacement (mm)

296 246 224

Average breaking

stress 4 (MPa)

*1: produced from hot—pressed beryllium electrode.
*2: produced from vacuum cast beryllium electrode.

*3: This sample number were effective sample data number, and the parenthesis were total tested

samples number.

*4: The loaded area was defined by equation (3).

Table 9 The effects of heating on breaking load.

Heating condition Breaking load™! (kgf)
Temp. CC) | Time (h) Pebble type A™ Pebble type B™3
100 12 13
400 300 12 12
1000 12 13
100 13 15
600 300 12 12
1000 14 11

*1: Average of 5 samples data.
*2: produced from hot-pressed beryllinm electrode.
*3: produced from vacuum cast beryllium electrode.
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Table 10 The effects of heating with SUS316 powder on
breaking load.

Heating condition Breaking load"l (kgf)
Temp. C) | Time (h) Pebble type A2 Pebble type B*3

100 12 13

400 300 13 u
1000 13 12

100 13 12

600 300 : 13 12
1000 13 12

100 13 13

800 300 12 1
1000 14 12

*1: Average of 3 samples data.
*2; produced from hot-pressed beryllium electrode.
*3. produced from vacuum cast beryllium electrode.

Table 11 The effects of thermal shock on breaking load.

: T
Temperatute ( C) Breaking load™! (kgf)
Pebble type A‘2 Pebble type Bi3
400 15 16
600 13 1
800 11 14

*1: Average of 3 samples data.
*2; produced from hot-pressed beryllium electrode.
*3. produced from vacuum cast beryllium electrode.
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Fig. 7 Diameter distribution of beryllium pebbles made from
hot-pressed electrode.
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Fig. 8 Diameter distribution of beryllium pebbles made from

vacuum cast electrode.
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(b) Vacuum cast electrode

Fig. 9 Micro focused X-ray photograph of beryllium pebbles.
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Fig. 10 Pore diameter distribution of beryllium pebbles made
from hot-pressed electrode.
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Fig. 11 ©Pore diameter distribution of beryllium pebbles made

from vacuum cast electrode.
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Fig. 12 Distance of pore center and pebble center of beryllium
pebbles made from hot-pressed electrode.
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Fig. 13 Distance of pore center and pebble center of beryllium
pebbles made from vacuum cast electrode.
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Fig. 14 Pore diameter and pebble diameter of beryllium pebbles
made from hot-pressed electrode.
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Fig. 15 Pore diameter and pebble diameter of beryllium pebbles
made from vacuum cast electrode.
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Fig. 16 Surface roughness of beryllium pebbles.
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Fig. 17 Cross section of beryllium pebbles.
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Fig. 18 Thermal expansion coefficient of beryllium pebbles.
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Fig. 19 Results of DSC measurement.
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Fig. 20 Specific heat of beryllium pebbles.
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Fig. 22 Displacement and collapse load of beryllium pebbles
made from hot-pressed electrode.
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23 Displacement and collapse load of hot-pressed beryllium pebbles.
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Fig. 24 Pebbles diameter and collapse load.
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Fig. 25 SEM photograph of collapsed pebbles made from
vacuum cast electrode.



