
Bismuth 

By Gill Burke 

Intense competion and rivalry 
between the leading industrial 
nations and major TN Cs has 
made bismuth a new strategic 
mineral. 
One example is superconductors, 
where Japan and Japanese TN Cs 
are concentrating R & D on 
superconductors with bismuth. 
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Uses 
The exceptional physical absorption of 
bismuth and its compounds has led to a 
wide and growing range of uses. These 
fall into three main groups: 

• Chemicals

• Metallurgical additives

• Electronics/electrochemistry.

The bismuth uses relevant to this Report 
fall into the latter category, together 
with metallurgical use as fusible alloys. 
As bismuth is non-toxic it is increas
ingly being substituted in industrial use 
for toxic materials especially tellurium. 

Metallurgical additives 

Fusible alloys have unique properties: 
low melting points and unusual expan
sion and contraction characteristics. 
Bismuth forms a number of binary, ter
tiary quaternary and quinary alloys, 
commonly with tin, lead and cadmium 
which melt in the range 47C0 to 262C0

• 

Indium is included for even lower melt
ing points. Many of these alloys are eu
tectic, that is they melt/solidify totally 
at a certain point rather than melting 
gradually as temperature increases. 

Bismuth itself melts at 271C0 and is 
unusual in that its volume increases by 
approximately 3.3% in changing from 
molten to solid state. This characteristic 
remains present in bismuth alloys to 
varying degrees depending upon bis
muth content. Generally, alloys contain
ing more than 55% Bi expand upon so
lidification and those conatining less 
than 48% Bi contract. Those in the 48 
-55% range are generally dimensionally
stable.

Fusible alloys can be used in temper
ature indication and safety devices, for 
example the thermal fuse which can 
protect electrical installations against 
excessive electrical currents. Another 
use is as a support to delciate structures 
that have to be machined. A good exam
ple of this application is the machining 

of turbine blades for jet engines. The 
blades themselves are forged of high 
temperature alloy and the ends by 
which they must be secured to the tur
bine must be fluted and bear a precise 
angular relationship to the rest of the 
blade. For machining, the blade is put 
into the cavity of a steel block and the 
hole filled with fusible alloy. The block 
is easily held in a chuck for machining 
and afterwards the alloy is simply 
melted away with hot water. 

Electronics/electrochemistry 

The uses of this group also cover a wide 
range. These include: 

• Thermoelectric generators
These are for use in satellite and space
vehicles, underwater cable systems, the
refrigeration systems for submarines or
in observations posts in remote areas
with extreme weather conditions. A
thermonuclear pacemaker using a bis
muth/telluride thermocouple was devel
oped by the UK'Atomic Energy Author
ity in the late 1970s.

• Bubble memories
These are a type of computer memory
device which do not lose stored infor
mation when the power is switched off.
Initially developed for computers that
had to be used in dirty or rugged envi
ronments, bubble memories are now of
increasing importance in the develop
ment of 'fifth generation' computers.
Early bubble memories used a bis
muth/garnet substrate, however this has
largely been superceeded by the gado
linium-gallium-garnet substrate, which
although more expensive is much faster.

• Electroceramics
Bismuth stannate is used as an additive
to barium titanate ceramic capacitators
to produce bodies with an intermediate
level of dielectric constant. These show
remarkably little variation with temper
ature. Bismuth also improves the mag-
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