COPPER - NICKEL - ZINC ALLOYS 

The alloys containing copper, nickel and zinc are known as "NICKEL SILVERS" and were made at least 2000 yr. before nickel was isolated. Known under the name of PARTONG these alloys were produced in China by mixing a copper - nickel ore with zinc and smelting the mixture. It was not until 1894 that the alloy was made in Europe by mixing the constituent metals. Until 1914 such alloys where generally called "GERMAN SILVER". The name was later changed to nickel silver. The term nickel brass was also used as it indicated the constituents more accurately.

Nickel silver does not contain silver and may be regarded as a brass to which nickel has been added. Nickel contents vary considerably but usually lie between 9 - 30% depending on its application. The copper content tends to remain the same, approx. 60-65% and the zinc is reduced as the nickel is increased. The higher the nickel content the whiter is the colour and although more corrosion resistant the ductility is reduced.

NOTE! Due to the way the copper and nickel combine, the nickel substitutes for the copper and the alloy is equivalent to 70/30 type brass in structure    

The alloys may be readily cold worked, but annealing is necessary at intermediate stages. Cold working increases the strength of nickel silver but reduces its ductility. In higher nickel content alloys a maximum stress of 55 - 60 Tons/in may be obtained by cold working. This is a very high strength for a none ferrous alloy.

During the initial cold working slip occurs between the faces of the crystal structure within the material. Further deformation starts to split the crystals down into smaller crystals. This process continues until the structure has broken down into small crystals. The material is now fully work hardened and further deformation in this state would cause cracking. If further cold working is necessary then material should first be annealed. It is not good practise to leave a finished item in the fully work hardened state as inter granular cracking can occur at a later date.      

The temperature for full annealing depends on the composition of the alloy and the amount of cold working the alloy has received. In practise temperatures between 650(C - 750(C are employed. The higher temperature is used with the alloys of the higher nickel content. On no account should the temperature exceed 800 (C as the zinc is burnt out and the material rendered useless due to its loss of ductility.

The machining properties of nickel silver are greatly improved by the introduction of 1 - 2% of lead. The addition of lead however lowers the strength of the alloy and in particular its ductility and malleability. The lead is not taken into solution with the alloy and stays in its original form around the edges of the nickel silver crystals making the material susceptible to cracking. 

Both brass and nickel silver can be supplied in different grades of temper (hardness), from soft (fully annealed) to hard (fully cold worked). The reason for the different tempers is the wide range of uses of the material and the different manufacturing processes involved. Material to be deformed by pressing & forging would be required fully annealed in a soft condition. Material to be cut and machined would be better in a hard condition. 

The temper grades are produced by varying the amount of cold working the material receives during the final stages of manufacture.

Brass and nickel silver cannot be hardened by heat treatment. This group of materials only hardens by working, after which the material may require annealing depending on the next manufacturing process.  

Nickel silver has been widely used for numerous applications due to its corrosion resistance, colour and cold forming qualities. Items made from nickel silver range through car radiators, ball pens, musical instrument keys, transistor casings, electrical contacts, architectural ironmongery, cutlery, etc, etc.  If you have ever come across cutlery marked EPNS, this stands for Electro Plated Nickel Silver and is usually finished with silver or nickel plate.
Due to technological changes nickel silver is not as widely used today. The cutlery trade and musical instrument trade are probably the largest users today. Even the cutlery trade has significantly reduces it use of Nickel silver in recent years because of the increasing cheapness and popularity of stainless steal.                         

COPPER, NICKEL & ZINC ALLOY SPECIFICATIONS

MATERIAL DESIGNATION




APPLICATION
CZ 106

70/30 BRASS



COLD WORKING

CZ 109

60/40 LEAD FREE



HOT WORKING

CZ 122

58% COPPER 2% LEAD


FREE MACHINING

NS 103

10% NICKEL 60-65% COPPER

COLD WORKING

NS 104

12% NICKEL 60-65% COPPER

COLD WORKING

NS 105

15% NICKEL 60-65% COPPER

COLD WORKING

NS 106

18% NICKEL 60-65% COPPER

COLD WORKING

NS 111

10% NICKEL 1-2% LEAD


FREE MACHINING 

NOTE! NS 106 is recommended for severe deep drawing applications.  Nickel silver of a similar spec was used for unplated keys on early woodwind instruments due to its superior corrosion resistance, strength and colour.

The designation codes given have now been officially superseded by the ISO code, but most suppliers in this country still use the original NS codes.

The additional PDF document gives further information as well as a full cross-reference between NS and ISO codes.
