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Abstract: Materials and non-ferrous alloys lends itself through more plastic deformation processes. It is known 

that after deformation the material structure, as well as properties that are no longer adequate therefore is 

applied recrystallization annealing for the purpose of restore the initial structure. To increase the hardness of 

non-ferrous alloys it must after hardening the cooling rate to be slow. This is explained by the fact that of 

chemical compounds give time to precipitate on the edge of grain to the base of the constituents of alloys. 
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1. Introduction 

 The heat treatments that one can practice the non-ferrous alloys can be grouped into 

two categories: 

-the heat treatments of annealing, which have the same meanings at the  steels and cast 

irons; 

-hardening treatments through the the effect of precipitation, as a result of the 

decomposition of the supersaturated solid solutions. 

 

2. The annealing of recrystallization. 

Materials and non-ferrous alloys lends itself more through plastic deformation 

processes. It is known that after these distortions material structure and properties are no 

longer corresponding and therefore applies recrystallization of annealing for the purpose of 

remake the initial structure. The recrystallization temperature is between 100 
o
C şi 300

o
C at 

Al, and at alloys from  Al is between 300 şi 400
o
C. There is a problem during heating and 

coldness these alloys, because certain chemical compounds are precipitate which are tough in 

this case the material or alloy is losing the malleability and ductility. 

                
Fig.1 The bronze microstructure with 5%Sn 

a. after casting (100:1);  b.after  annealing (150:1). 
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To avoid this difficulty will be respected standards heat treatment parameters.  

 The recrystallization temperature of Cu is in the range of 180-230
o
C, and at alloys of 

Cu 300-400
o
C. For alloys of Cu with large degrees of plastic deformations the 

recrystallization temperature is found in interval of 700-800
O
C. 

 

3. The granulation. 

 Is a determining factor for further technological processes such as for biphasic 

bronzes (α şi β),  at cooling with  high speed only phase crystallize β, which is rough, fragile 

and with a grossly granulation, so it can be processed well through the plastic deformation 

because in portions with high hardness the materials will fissure. It is therefore recommended 

that the cooling rate to be slow to create the possibility of forming phase α to limit of the 

joints of grains phase β which is slack and it is desirable in the the alloy structure because it is 

so easy to be processed through the plastic deformation hot or cold and through the chipping. 

It is known that alloys of it shows a marked increase in the grain during heating. To 

avoid this it is necessary that the heat treatment process should be between in 1-15 minutes, to 

have a short duration. The pure nickel has a lower recrystallization temperature than 300
o
C, 

and for high degrees of deformation recrystallization temperature is performed between 700-

800
o
C 

 

                        
Fig.2 The biphasic brass microstructure: 

a.heating in domain  and slow cooled;  b. rapid cooling 

 

For nickel alloys recrystallization temperature is between 350-550
o
C, and for big 

degree of deformation between 850-1150
o
C 

 

4.The stress relief annealing. 

It follows the achievement of uniformity residual internal stresses obtained by 

processes of casting and plastic deformation hot or cold. This preliminary treatment 

temperature should not exceed the threshold temperature of recrystallization.The duration of 

the entire process it is a few hours. 
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5. The homogenization heat treatment. 

After casting technology due to the cooling conditions in the material of the workpiece 

is found and inhomogeneities and segregation intradeutritice intereutritice due to the fact that 

during the cooling is obtained near the thermodynamic equilibrium constituents and other 

constituents resulting in an inhomogeneous material with different properties in the volume of 

the material. 

The homogenization annealing comes to support of removing these defects. For 

example, to cooling alloys of Al inside the basic metal mass precipitate certain chemical 

compounds which are concentric to the concentration of hardness of the base material such as: 

CuAl2, Al2CuMn, Al3Mn2Zn2, etc. 

The homogenization temperature  is 540
o
C and duration of  maintain it is between 10-

30 hour. 

 

6. The methods of hardening. The final heat treatment. 

They consist in giving the solution that is heating the material to near melting point 

and cool with slow speed order to be able precipitate the rough the chemical compounds. 

To raise the hardness of non-ferrous alloys have the following tempering cooling rate 

should be slower. This is explained by the fact that chemical compounds are given time to 

precipitate the edge grains basic of the constituents of the the alloys. 

There are 3 stages: 

- the precipitation; 

- the formation of the metastable phases; 

- the formation of stable phases. 

The process of germination is a classic, step oversaturated (high temperatures) and 

also germinate stable phase the chemical compounds precipitate. 

The precipitation is 3 types: 

- the uniform - precipitation are found uniformly throughout the mass of material;  

- Local - is realized preferential in the metal mass and at the edge of grains; 

- Intermittent - is performed on areas uniformly distributed at low temperatures. 

The scheme of hardening of non-ferrous materials is presented in fig.7.3. 
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                   Fig.3 The scheme of hardening at non-ferrous materials 

 

It starts from the alloy structure supersaturation and it occurs  the uniform 

precipitating  Ib, the  local precipitation Ic, and if the material does not reach the 

recrystallized Id, if the material recrystallized is reached at  Ie, and if it is reached at Ig. the 

lamella who by diffusion and coalexicenta it is reaching from a polyhedral structure into a 

globular structure Ih. 

 

7 The hardening and tempering. 
There are  nonferrous alloys l to which it has the same effect as the hardening 

nonferrous bronzes with Al and alloys of Ti and there is nonferrous alloys which hardens by 

implementing the solution and precipitation: AlNi, ZnMn etc.  

 

8 The hardening and tempering of deformable aluminum alloys 

The most used duraluminum alloy which contains 4%Cu, 0,4%Mn, 0,4%Mg, 0,4%Si.  
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Fig.4 Of an alloy the microstructures with 1,5% Mg2Si in different stages of the precipitation 

(15000:1) a. the natural aging; b.the aging at 345
o
C, 30 minutes;  c. the aging at 2h at 345

o
C; d. the 

aging at 4h la 344 
o
C. 

 

The aluminum is hardening when precipitate occurs because the chemical tough return 

to Mg-Si2. The temperature which occurs the process is of 511
0
C, duration of maintain being 

8-14 min. At these alloys are no inhomogeneities, segregation, intra and interductritice, 

grossly grained etc. Because of this the diffusion of chemical compounds in the hard matrix of 

the base metal is hampered, so heating will be slow. 

 

 8. Conclusions 

 The materials and non-ferrous alloys lend themselves more by plastic deformation 

processes. After these deformation structure of the material and the properties that are no 

longer appropriate recrystallization annealing is applied in order to restore the initial structure. 

Grain follows uniform residual internal stresses generated from the processes of casting and 

plastic deformation hot or cold. It is a determining factor for subsequent technological 

processes. 

To raise the hardness of non-ferrous alloys have the following tempering cooling rate to be 

slow. This is explained by the fact that chemical compounds are given time to precipitate the 

edge grain basic constituents of the the alloys lor. 
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