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Abstract:  Since it was determined that as a result of fatigue on the brazed joints, the breakage occurs in the 

filler material or in its immediate vicinity (Z.I.T.M.), it is necessary to study the phenomenon in the 

microstructure.   The experiments have been made on alloys 3L59 samples, using as filler material the aluminum 

alloy L103. The brazing was made by gluing, overlapping nonstandard samples. 
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1.INTRODUCTION 

 

Adhesion is a surface phenomenon. The adhesion is controlled by the adherent surface 

state. ASTM1 defines adhesion as an assembly into which act forces of valence and 

interaction. The forces cohesion is defined as the state in which particles of a single substance 

are bound together by primary and secondary forces. The cohesion area is the state in which 

the adhesion particles are held together. This interaction is largely due to how is made the 

filler material heating and melting. In heating operation can appear the liquefaction 

phenomenon that has a negative influence on the brazed joint and therefore is required a 

detailed study.  

Most of the aluminum alloy used as filler material in the flame brazing does not have a 

single melting point, but a range. This phenomenon causes problems, especially when the 

melting range is high, and the assembly is subject to a relatively slow heating phenomenon 

than other methods. Under these conditions, the required time to heat the brazing components 

and the filler material can be quite long, factor which often brings difficulties in the whole 

process.  

Any alloy that has a melting point, suffers gradually a transformation from a solid to a 

liquid through heating from solidus to liquidus. Unfortunately the chemical composition of 

the liquid and solid areas of the filler alloy, until reaching the working temperature are often 

substantially different from the nominal composition of the solid alloy at the room 

temperature; this is the factor that causes problems. 

When an alloy characterized by 7,5 % silicon-aluminum alloy (according to BS 

EN1044: 1999 Type AL103, having a melting range 575 ÷ 6150C) starts to melt, the first part 

that is melted is relatively rich in silicon than the un-melted material. This means that 

inevitably the solid portion that remains is relatively rich in aluminum. If this alloy is in 

contact with the capillary area, the liquid portion rich in silicon will be drawn into this area 

and removed from the rest of the filler material yet in a solid state. Therefore, it is clear that 

the remained solid portion has lost a considerable part of its structural properties on low 

melting point, so this filler material does not have a liquidus temperature of 6150C. This 
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phenomenon is called liquefaction. In order to allow that the remaining solid part to melt, it 

must be heated at a higher temperature (often very high) than its working temperature. 

Sometimes, the temperature will be just above the nominal liquidus temperature of the initial 

material.  

This phenomenon gives us one of the fundamental rules for the successful use of the 

brazing process: if the capillary flow of the melted filler material is sufficiently high to 

achieve the assembly, and then when the filler material is subjected to a slow heating rate (for 

example, brazing in the furnace or if the components are massive), for avoiding liquefaction, 

the brazing alloy should be chosen so as to be an eutectic or one that has a very short range of 

melting. 

There are exceptions to the rule, and some of them cannot eliminate the liquefaction effect. It 

is known that in a big number of applications in the furnace brazing are used high nickel 

alloys as filler material. In these cases, liquefaction is often an inevitable feature of the 

process. This phenomenon can be partially removed by low geometry of the joint. It is said 

that when this is not possible on the side of the joint are bounded wires (ribbons, foils) of 

filler material which in slow melting time are running down filling the joint and forming the 

mixture there. 

 

 

2.EXPERIMENTAL DATA 

 

The studies presented below make reference to tubes taken from the same type of 

sheet metal as 3L59 according to British Standard (BSI1). The filler material is an aluminum 

alloy with the symbol AL 103 according to British Standard BS EN 1044:1999(BSI2) having 

the composition shown in Table 1: 

Table 1 The filler material composition AL 103. 

Element  % 

minimum maximum 

Silicon 9,0 11,0 

Iron  0,8 

Copper  0,3 

Manganese  0,05 

Magnesium  0,05 

Zinc   0,1 

Titanium   0,2 

Other  

elements  

Each  0,05 

Total   0,15 

Aluminum  Rest 

 

For samples shown in Figures 1 and 2 was used an improper flame, for example a gas 

flame and a low caloric burning gas. Thus, occurs the slowly melting, implicitly increasing 

the melting time, and as phenomenon appears the defects of non-entering the filler material 

into the joint. 
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    Figure 1 Sample type tube-plate        Figure 2 Sample type plate-plate 

   
    Figure 3 Sample type tube-plate          Figure 4 Sample type tube-plate 

 

   
Figure 5 Sample type tube-plate          Figure 6 Sample type tube-plate 

 

 



 Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2013 
 Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 

 

 

 

 

281 

When using a flame and a high caloric gas, it occurs local melting of the base material, 

as it is emphasized in Figures 3 and 4. This result is due to the maintenance of the brazing 

burner in a single position.  

In the case of uniform heating, but using a flame and a low caloric gas, can occur local 

melting of the base material and non-uniformities in the filler material due to the liquefaction 

phenomenon. This phenomenon is emphasized in detail in Figures 7 and 8. 

 

   
Figure 7 Sample detail type tube-plate    Figure 8 Sample detail tye plate-plate 

 

Due to the same liquefaction phenomenon, occurs the burning of some filler material 

compounds used in the case shown in Figure 9, as well as the surface oxidation of the brazing 

seam shown in Figure 10. 

 

   
Figure 9 Sample type tube-plate   Figure 10 Sample type tube-plate 

 

The phenomenon shown in Figure 10 is due to the use of a type of a normal acetylene 

2.0. 
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Figure 11 Sample type plate-plate  Figure 12 Sample type tube-plate 

 

To avoid the occurrence of the liquefaction phenomenon, in case of experimental 

flame brazing it was found that the optimum results were obtained with the use of neutral 

flame types and a burning gas such as spectral acetylene, high purity acetylene 2.6. 

 

3.CONCLUSION 

 

When brazing aluminum alloys, to avoid the liquefaction phenomenon is 

recommended the use of the neutral oxyacetylene flame and the spectral acetylene of high 

purity 2.6. Also, it is necessary to uniformly distribute the heat for the entire surface to be 

brazed to avoid local melting of the base materials. 
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