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We have studied on metallurgy of beryllium (the pile material) by reducing
beryllium oxide with calcium. We produced beryllium-calcium alloy, and then
extracted metallic beryllium from beryllium-calcium alloy. And we obtained the
following results;

A. Beryllium-calcium alloy production.
1. Every mixing method may be used in this case.
2. The optimum conditions were

Reaction temperature ; > 1,200°C
Reaction time ; >5 hrs. ,
Mixing weight-ratio of calcium to beryllium oxide ; >6

In this case the yield percentage of beryllium was one hundred percent.
B. Extraction of beryllium
3. Ammonium chloride cold solution process was better than high tempera-
ture vacuum process.
4. Metallic beryllium powders (produced by ammonium chloride process)
were chemically pure and they had spectrographical traces of iron, alumi-
" nium, magnesium and calcium.

This smelting process is very useful, and has one hundred percentage utili-
zation of beryllium oxide, and the produced metallic powders are convenient in
beryllium powder metallurgy.

1. Introduction

In the recent atomic energy age the metals used in atomic pile have been
closed up, especially the metallic beryllium is most valuable, which is used as
reflector, moderator and so on. The metal for this purpose must be very pure in
a view point of the absorption area for thermal neutron. The present production
methods??® for the metallic beryllium are electrolysis of fused salts with berylli-
um fluoride, metal reduction beryllium fluoride, etc. These processes have many
difficulties such as fluorination and contamination of impurities. In previous reports?
we had some difficulties in reduction of beryllium oxide with calcium carbide. Then
in this paper we try to obtain the metallic beryllium by reduction of beryllium
oxide with calcium directly, or to extract the metallic beryllium with either cold
NH.CI solution or vacuum treatment after we get calcium-beryllium alloy from
reaction between beryllium oxide and excessive calcium, thus we let removal of
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impurities in metallic beryllium be easier, while we using strong reducibﬂity of
metallic calcium.

2. Experimental Details

2.1. Posstbility of reaction

Here we discuss the possibility of the reducing reaction. When beryllium
oxide is reduced by calcium according to the above idea at a view point of free
energy change of the reducing reaction, 4F° values are as follows;

BeO +Ca =Be+Ca0
4F° =-737042.86 Tlog T—9.11 T (298°-1,124° K)
— 9,600 +2.86 T'log T'— 7.13 T (1,124°-1,556° K)
— 4,450 4-6.91 T'log T — 2341 T (1,156°-1,760° K).

When we use calcium in excess and make calcium beryllium alloy, the reaction
is as follows;
BeO + Ca =Be (in Ca) + CaO.

For the free energy changes at each temperature

—_ o [Be]fBe
A4Fy = AF° + RTIn TCalfe,

Jre; Activity co-efficient of Be in Ca-Be alloy
Soa; Activity co-efficient of Ca in Ca-Be alloy.

By the above formula, we understand that in the case of using calcium in
excess we let the reducing reaction of calcium be easier than in no excess, that
is, by using calcium very much we can decrease activity of beryllium and give
no change to activity of calcium.

Also, as calcium reacts with oxygen very easily we cannot perform the ex-
periment in air atomosphere. Therefore we try to obtain beryllium-calcium alloy
and beryllium powder including calcium by acting the reducing reaction in argon
atmosphere and reducing beryllium oxide with calcium usefully. On the basis of
these points and pre-experiment, we use the following variables;

Reaction temperature; 1,000°-1,300° C
Reaction time; 1-10 hours
Mixing ratio (weight); BaO:Ca 1:4...09.

We examine changes of yield percentages, extraction percentages and purity
of beryllium according to the above conditions.

2.2. Specimens and experimental apparatus

Beryllium oxide is used in the state of Reagent Special Grade or chemically
pure, and calcium, which is produced by re-distillation of electrolytical calcium
at 850° C and 107 mmHg, is 99.99% in purity.

Experimental apparatus (it is shown in Fig. 1), has reaction system, where
the specimen is placed in a crucible made of magnesia or mild steel which was
set in a stainless steel retort, and vacuum system, which has argon supply system
and temperature control system, but temperature is observed at outside of the
retort,
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Fi1G. 1. Experimental apparatus

2.3. Experimental procedure

2.3.1. Production process of beryllium- calcium alloy

Put beryllium oxide and calcium, mixed at the specified ratio, in the crucible
in the stainless steel retort. Close the retort and pumped into vacuum. After
the vacuum degree reaches 10~2-10* mmHg at room temperature, degas at 400°-
500° C, and then fill the reaction system with 1 atm. argon gas and elevate tempera-
ture up to the specified point, and after reaction of the specified time, cool the
retort and put out the mixture and treat by proper methods.

2.38.2. Extraction process of metallic beryllium

1. 1st method. In case good beryllium-calcium alloy was produced, we let
calcium included in the specimen evaporate at high temperature and high vacuum
degree in a magnesia crucible.

2. 2nd method. Extract pure beryllium by treating the beryllium-calcium alloy
with ammonium chloride cold solution.

3. Experimental Results and Considerations

3.1. On the mixing process of beryllium oxide and calcium

1. To mix beryllium oxide and calcium naturally.

2. To place beryllium oxide on the calcium block.

3. To drop beryllium oxide on the fused calcium

By three methods, we obtain one hundred yield percentage of beryllium at
1,200°C, 5 hrs. and 6:1 (Ca: BeO weight-ratio). Therefore any mixing method
is good in this case, as at 1 atm. argon atmosphere calcium vaporizes pretty and
calcium vapor reacts with contacting beryllium oxide, Then we use the handly
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mixing method at the experiments from the next time onward.

3. 2. Influences of reaction temperature and reaction time on the yield percentage

The results are shown in Figs. 2, 3. In Fig. 2 at 1,000° C and 1,100° C, some
beryllium oxide remains unreacted, but at 1,200° C and 1,300° C there is perfectly
formed beryllium-calcium alloy, showing no unreacted beryllium oxide, 100 percent
yield of beryllium. At low temperatures calcium oxide remains in beryllium-
calcium alloy, but at high temperatures forms good beryllium-calcium alloy which
includes some trace of calcium oxide frequently. Though we do not prove on the
yield percentage, as it include relation with reaction time, considering activity of
calcium for disoluting beryllium, reaction velocity, complicate elements of contact
reaction and so forth, at above 1,200° C the reduction reaction may occur without
the initial contact reaction. Influences of reaction time on the yield percentage
is shown in Fig. 3. For above 5 hrs. we obtain 100 percent in yield, but for
below 5 hrs., unreacted beryllium oxide remains. This is concerned with only
reaction velocity. So, we use 1,200° C as a reaction temperature, and 5 hrs. as a
reaction time from the next time onward.
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3. 3. Influences of mixing-ratio on yield perceniage

The results are shown in Fig. 4. In case mixing-ratio is above 1:5 (BeO: Ca
weight ratio) we obtain yield percentage of 100%, where beryllium oxide reacts
unperfectly with calcium below the mixing-ratio, presenting unreacted beryllium
oxide. This is owe to activity of calcium decreased on account of alloying with
beryllium, loss of calcium for its vaporizing, and non-contact of calcium vapor
with beryllium oxide by vaporizing direction, etc., though 1:5 mixture (BeO:Ca
weight-ratio) contains sufficient calcium enough to reduce sufficiently beryllium
oxide in the reaction formula,
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3.4. Extraction of beryllium: by
vacuum distillation process from
% % beryllium-calcium alloy
This process is a method re-
. moving calcium from calcium-beryl-
Reaction temperature ; 1200°0 lium alloy by application of high
Reactlon timo 3 5 urs temperature and high vacuum de-
gree. In this method we can not
obtain pure beryllium, but 85% be-
ryllium. This phenomenon is due
to the non-metallic inclusion, calci-
um oxide, in the calcium-beryllium
alloy, and non-decomposition proper-
ty at this point of intermetallic com-
PR > 7 pound Ca.Be,, !:hough the phase diz'i—
gram of beryllium-calcium alloy is
not clear.
Anyhow this method is not quite
a good method for removing calci-
um. Though it is better to treat at higher temperature, we have many difficulties
such as evaporation of beryllium, etc.

Yield percentege of beryllium(%)
3
1

Amount (in weight ratio) of Ca to BeO

FIG. 4. Relation between yield per-
centage and mixing ratio.

3.5. Extraction of beryllium from calcium-beryllium alloy by ammonium chloride
cold solution process

This is a process removing calcium and calcium oxide by treating with am-
monium chloride cold solution. We obtain chemically pure beryllium metal powder
by using 200g/l solution of ammonium chloride from a beryllium alloy of any
composition, and this metal powder includes traces of iron, calcium, magnesium
and aluminium spectrographically. Thus ammonium chloride cold solution process
is a good extraction process for beryllium and produces beryllium metal powder,
which is very useful for beryllium powder metallurgy.

From the above results, (there is little source of beryllium in Japan and be-
ryllium oxide is valuable) by using this beryllium production method, we obtain
100% yield percentage of beryllium and its should be specially mentioned that the
produced metal is high pure powder.

4. Conclusion

1. In producing calcium-beryllium alloy, mixing process of beryllium oxide
and calcium is all good, showing 100% vyield percentage, reacting perfectly in
conditions like (2).

2. The optimum conditions are, reaction temperature: 1,200°C, reaction time;
5 hr., mixing-ratio; 1:6 (BeO : Ca weight-ratio).

3. In the extraction processes from calcium-beryllium alloy, calcium distillation
process at high temperature and high vacuum degree is not good for some reasons,
but ammonium chloride cold solution process is very useful, by which produced
beryllium metal is very chemically pure powder, and includes traces of magnesium,
iron, aluminium and calcium, spectrographically.
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4. By this process, we can obtain metallic beryllium for atomic pile material,
which is convinient for beryllium powder metallurgy, using 100% of valuable be-
ryllium oxide.

In conclusion we express thanks for Bureau of Fducation of Japan to give us the Expense
for Research and Exam. Research of Science of Japan to accomplish this research.
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