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Experiments for the innovative processes:

1. Friction stir soldering (FSS)

2. Laser soldering

3. Electric soldering

4. Brazing

5. Weld-brazing

Experiments with new alloys for soldering and brazing, produced

by MMI Bor, are also presented .
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The qualification of the brazing procedure is carried out

according to the requirements of the EN 13134:2000 [7]

related to the brazing procedure approval.

Important aspects of the standard EN ISO 13585:2012 [8]

related to the qualification test of brazers and brazing

operators are also considered.

In the analysis of future applications of brazing, some

recommendation are taken from the standard EN 14324:2004

[9] Brazing - Guidance on the application of brazed joints.

The mechanical strength of the brazed joints should be at

least the value of the ultimate strength of the pure deposit of

brass, respectively the value of the ultimate strength of the

filler alloy of the same class, as an approximated value,

depending on the kind and class of the filler alloy.

1. Standards for the qualification 

and application of  brazing
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Precise values of the mechanical and electric characteristics

are mentioned in the technical specification of every type of

part, installation or product, where brazing is applied.

As domain of applications of brazing, the following should be

mentioned: electro-technical industry, refrigerator technique,

manufacturing industry and other domains.

Mainly the flame brazing process is applied for the execution

of brazed joints, because this process achieves hard bonding

that requires temperature over 450ºC.

1. Standards for the qualification 

and application of  brazing (continued)
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Classification and symbolization of the filler alloys for brazing

are stated in the standard EN ISO 3677:1995 [10]. The

technical characteristics of these filler alloys are specified in

the standard EN ISO 17672:2010 [11]that refers to filler metals

for brazing. Mostly, various classes of brass are applied to

hard brazing. Another category of fillers for this process are

the silver-based alloys. Some fillers of both categories have

been tested in a program of experiments, that will be later

described.

In the frame of the Ecosolder project, the elaboration and

qualification of the brazing procedure was performed for the

oxygen-acetylene flame process steel sheets with the sizes

approximately 87 mm x 80 mm and 87 mm x 160 mm,

respectively thickness of 1.0 mm.

1. Standards for the qualification

and application of  brazing (continued)
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2. Brazing procedure

specification BPS

It contains data referring to 

base metal, filler materials,  

brazing parameters, flowing 

position, heat treatments 

and other factors for the 

execution of  the brazing 

test sample, representative 

for the brazing procedure
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2. Brazing procedure

specification BPS

The working technique and 

other information for the 

execution of  the brazing 

test sample, representative 

for the brazing procedure, 

are also included.
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2. Brazing procedure

specification BPS

The annex of  the BPS is  a 

drawing, where the sizes of  

the brazing test specimen are 

presented, with data referring 

to base metal, filler materials,  

brazing parameters, brazing 

position, for the execution of  

the brazing test sample.
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3. Soldering procedure

specification

(page 1a, S235 steel)
Data must be filled in for 

base metal, filler alloy,  flux, 

gases or atmosphere, flame 

parameters, work position,

soldering temperature, heat 

treatments and other 

factors for the execution of  

the brazing test sample, 

representative for the 

brazing procedure.
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3. Soldering procedure

specification

(page 2a, S235 steel)

The working technique and 

other information for the 

execution of  the soldering 

test sample, representative 

for the soldering 

procedure, are also 

included.
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3. Soldering procedure

specification SPS

(page 3a, S235 steel)

The annex of  the SPS is  a 

drawing, where the joint 

type and sizes of  the 

soldering test sample are 

presented, with data 

referring to base metal, 

filler materials, soldering 

position, soldering 

parameters, for the 

execution of  the brazing 

test sample.
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3. Soldering procedure

specification

(page 1b, Al alloy)

Data must be filled in for 

base metal, filler alloy,  flux, 

gases or atmosphere, flame 

parameters, work position, 

soldering temperature, heat 

treatments and other 

factors for the execution of  

the brazing test sample, 

representative for the 

brazing procedure.
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3. Soldering procedure

specification

(page 2b, Al alloy)

The working technique and 

other information for the 

execution of  the soldering 

test sample, representative 

for the soldering procedure, 

are also included.
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3. Soldering procedure

specification

(page 3b, Al alloy)

The annex of  the SPS is  a 

drawing, where the joint 

type and sizes of  the 

soldering test sample are 

presented, with data 

referring to base metal, 

filler materials, soldering 

position, soldering 

parameters, for the 

execution of  the brazing 

test sample.
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3. Soldering procedure

specification

(page 3c, T joint )
For S235 steel and for Al 

alloy 5754, the annex of  the 

SPS is  a drawing, where 

the joint type and sizes of  

the soldering test sample 

are presented, with data 

referring to base metal, 

filler materials, soldering 

position, soldering 

parameters, for the 

execution of  the brazing 

test sample.
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3. Soldering procedure

specification

(page 3d, 

copper tubes)
In the case of  copper tubes, 

the annex of  the SPS is  a 

drawing, where the joint 

type and sizes of  the 

soldering test sample are 

presented, with data 

referring to base metal, 

filler materials, soldering 

position, soldering 

parameters, etc.
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The brazing procedure qualification record BPQR consists 

of  a file, where the reports of  the tests performed for the 

verification, respectively quality check of  the brazing test 

samples performed according to the brazing procedure 

specification BPS.

4. Brazing Procedure Qualification Record 

BPQR



Common borders. Common solutions.

In the table 1 the chemical composition of the steel S235

sheets is presented.

In the table 2 the mechanical characteristics of the steel

S235 are shown.

Base metals

Table 1 the chemical composition of the steel S235, EN 10025-1  [12]

C Si Mn Ni S P Cr N Cu

max 
0.22

max 
0.05

max 
0.6

max 
0.3

max 
0.05

max 
0.04

max 
0.3

max 
0.012

max 
0.3

Table 2. Mechanical properties under Т=20oС of the material S235, 
EN 10025-2 [13] 

Assort
ment

Dimension Direct. σв σT δ5 ψ KCU 
Heat 

treatment

- mm - MPa MPa % % kJ / m2 -

Sheet 2 - 3.9 360 235 20 
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The filler alloy used in these experiments is an

experimental batch of brass for brazing, having the

symbolization CuZnSnSiMn. Its chemical composition is

not exactly known. It may be subject of a patent

application. This filler alloy is elaborated by the Mining

and Metallurgy Institute of Bor, Serbia, as partner in the

Ecosolder project.

For comparison, in the table 3 the chemical composition

of a common brass is given, available as filler alloy for

brazing.

The flux used in the brazing operations carried out in the

present work and described here is borax.

4. Brazing procedure qualification 

record BPQR. Filler materials

Table 3.  Chemical composition % of grade CuZn30 ( CW505L ), EN 12166;  ISO 426/1  [14]

Fe Ni Al Cu Pb Sn Others Zn

max. 0.05 max. 0.3 max. 0.02 69.71 max. 0.05 max. 0.1 Total 0.1 Remainder
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4. Brazing procedure qualification 

record BPQR. The three delivery forms 

of  the new filler alloy for brazing
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4. Brazing procedure qualification 

record BPQR. Oxygen-acetylene 

equipment for welding and brazing
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4. Brazing procedure 

qualification record 

BPQR

Order form to the 

mechanical shop for 

sampling specimens for 

metallographic analysis 

and mechanical tests
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Visual examination, according to EN 12799:2000 [17], of

the brazed joints was applied. The brazed joints have

adequate appearance. They are well shaped, symmetrical

related to the axis of the overlapped zone of the sheets.

There is some leakage of molten alloy apart from the

joint on the top side of the test sample, respectively

smaller leakage on the opposite side of the assembly.

In the deposited filler metal there are no defects, like:

cracks, porosity, lack of metal, lack of fusion, lack of

adherence, additional metal, spatter, burnt steel sheet,

etc.

4. Brazing procedure qualification 

record BPQR. 

Non-destructive examination report
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Macroscopic examination

according to SR EN 12797

and SR EN ISO 18279 has

been carried out.

Joint imperfection of the

type spheroidal blister of

diameter 0.1-0.3 mm are

revealed. This type of

imperfections is accepted.

4. Brazing procedure qualification 

record BPQR. Macroscopic

metallographic analysis report 
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Microscopic metallographic

examination according to SR

EN 12797 and SR 5000-97

has been carried out.

The constituents of the

deposited filler metal are α

dendritic solid solution with

fine particles of Sn, Si and

Mn.

No defects are revealed in

the deposited filler metal.

4. Brazing procedure qualification 

record BPQR. Microscopic 

metallographic analysis report
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4. Brazing procedure 

qualification record 

BPQR. Shear test

Test report of  the shear 

test for the specimens taken 

from the brazing test sample 

(page1)
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4. Brazing procedure 

qualification record 

BPQR. Shear test

Test report of  the 

shear test for the specimens 

taken from the brazing test 

sample (page 2)
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1. The preparation of the base metal sheets before the

brazing operations, as well as placing and fixing the

sheets are very important.

2. High quality finishing of the overlapping zone can allow

both good flowing and wetting of the flux and filler metal.

3. The base metal sheets must have a correct position, in

order to assure the adequate fusion, flowing, wetting and

solidification of both the flux and filler alloy, onto the

overlapped zone, depending on the location of the gap,

related to the tip of the brass wire, charged with flux.

4. Special care should be taken with process times. A time

interval ranging from 2.5 min to 4.5 min might be used,

depending on the parameters of the flame: flow rates of

acetylene and oxygen, power, temperature, type of flame

(reducing, neutral, oxidizing), length, height over the

brazing zone, inclination, as well as other factors.

Conclusions
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5. To long brazing times can also cause evaporation of

certain substances of both the filler alloy and flux that

can affect the technology process.

6. The new experimental ecological filler alloy CuZnSnSiMn,

of the class of brass filler alloys, elaborated in the frame

of the Ecosolder project, has adequate properties

regarding fusion, flowing, wetting and solidifying. The

brazed joints executed with this new alloy have good

appearance, form and sizes, as well as adequate

mechanical characteristics.

7. The ecological properties of the new brass elaborated in

this project are adequate, as it produces no hazardous

substances, at the work place. Local exhaust ventilation

should be applied for evaporated components of the flux,

as it is the most efficient work safety measure for the

occupational health and environment protection.

Conclusions (continued)
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