
 

Technical Sheet NS/02 

Warm and soft or cold and hard: What governs the fe el 
and thermal performance of copper alloy bit metals?  
 
In all copper alloy bits the metal structure is microcrystalline. When viewed under a microscope, 
the metal surface is seen to comprise smooth uniform regions only 0.05 mm or so across, 
connected on all sides to adjacent smooth regions or “grains” (see the figure.) Each of these 
domains is showing the face of a single crystal of the metal alloy. Like crystals of pure salt 
(sodium chloride, NaCl), these crystallites contain component atoms of the material; in Salox 
most of them (over 70 %) are copper atoms. The crystallites are held together by forces that 
provide the strength and hardness of the material; the ease with which microcrystals can slide or 
slip past each other determines how hard the material is. When the crystallites are larger and 
there are therefore fewer grain boundaries in a given area of the material and when these 
crystallites are contacting each other very effectively, the heat transfer properties of the alloy are 
raised (a ‘warmer’ metal, see NS/01.) This is because free electrons (the particles that normally 
surround an atom and orbit its centre core or “nucleus”) that carry the heat across the crystallites 
have fewer boundaries (or, ‘gates’) to cross from one grain to the next and longer regions within 
each crystallite where there is little hindrance to their movement (they bounce off the atoms.) At 
the same time, the larger crystallites find it easier to slip past each other when stress is applied 
(in our case when a horse accepts and may chew the bit) and we measure this in an increased 
softness of the metal. This ability of the metal to absorb these stresses which show up in the 
normal appearance of tooth marking on the mouthpiece is important and it should be borne in 
mind that this property protects the metal from sudden catastrophic fracture. 
 

 
 
Copper alloy surface. The scale line is 0.025 mm long. The crystallites are easily seen and 
appear different colours because of the different orientation of the each crystal structure.   
Source: Copper Development Agency (North America) (www.copper.org) 



If we now consider another case, where the microcrystallites are smaller and they are not so well 
connected together the number of boundaries in a given area that are involved in taking up stress 
such as chewing is increased. The microcrystallites are prevented from moving past one another 
and we have a hard material. However, even here, since tooth enamel is vastly harder than any 
known metal some marking due to chewing can be expected on any harder and colder bit.  Of 
course, now we have more ‘gates’ for the electrons to cross and they cannot carry heat very well 
so the material feels cold. 
 
In all these alloys we can control the microcrystallite size by a process of annealing which is 
simply baking the metal at high temperature and allowing it to cool under controlled conditions. 
For some applications such as hard wearing engine parts we need to harden the material even 
though its heat transfer properties are then reduced. For horse bits we prefer to keep some of the 
softness and at the same time benefit from the extra heat transfer that larger crystallites provide 
and in Salox we strike an excellent balance between surface hardness and heat transfer. 
 
Other properties of copper alloys can also make them hard and cold. The addition of certain 
elements intended to get high strength, such as silicon, also has the effect of reducing the heat 
transfer properties by getting themselves in between and separating the microcrystallites by 
precipitation. Heat treatments are often designed to achieve these results.  In many applications 
this leads to very hard wearing materials but for use in applications where warmth is not required. 
 
For an explanation of all the science behind the concept of ‘warmth’, see technical sheet NS/01. 
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