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1 Introduction

Brazed plate heat exchangers can be mounted in 
several ways to a system. Depending on situation 
customers to Alfa Laval choose to use connections of 
various types such as

• welded, flanged

• quick couplings such as "hydro blocks"

• threaded

• brazed pipes/tubes

This document describes some aspects of brazing of 
pipes or tubes to the heat exchanger. Apart from rel-
evant standards which should be known by all per-
sonnel executing brazing operations this document 
highlights some special features to be taken under 
consideration.

Personnel working with process, component/materi-
al development, quality assurance or application en-
gineering of e.g. installations should be familiar with 
most of the issues discussed in this document.

A BHE consists of stainless steel plates brazed to-
gether in a vacuum furnace process with a copper fill-
er, while a FHE is constituted by the same plates but 
brazed with an iron based braze filler. It is common 
to use either copper based or stainless tubes for con-
nections. This means that brazed pipe/tube joints 
can be either:

• copper to copper

• stainless to stainless

• stainless to copper

Figure 1: Copper brazed plate heat exchanger (BHE) consisting of stainless steel plates and copper brazed 
in a vacuum furnace.

 Relevant standards

Table 1: Examples of relevant European standards for brazing of pipes/tubes

Standard no.* Name Content description

EN 1044 Brazing - Filler metals Classification and composition of braze filler materials

EN 1045 Brazing - Fluxes for brazing Classification and brief description of constituent materials in fluxes

EN 13133 Brazing - Brazer approval How to approve brazing personnel according to brazing standard

EN 13134 Brazing - Procedure approval How to approve a brazing process according to standard

EN ISO 18279 Brazing -Imperfections in brazed joints How to classify and judge brazing imperfections in general
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2 The tube brazing process

Many different processes can be applied in order to 
heat the parts to be brazed and melt the braze filler. 
The method considered here is flame brazing with 
hand-held filler or pre-placed filler

All methods are constituted by following key process 
steps:

1 cleaning the parts prior to brazing

2 fluxing (when appropriate) and application of 
filler (if pre-placed filler)

3 assembling the parts 

4 heating for brazing and brazing (applying hand-
held filler if appropriate)

5 post-braze cooling

6 post-braze cleaning

They are all described in standard brazing instruc-
tions and standards

For copper tube brazing flux is not necessary in 
some cases (refer to“Material considerations and 
corrosion effects” on page 3).

However prior to brazing also proper design and ma-
terial selection must be done in order to avoid early 
failures in service of the brazed joint.

Figure 2: Schematics of a tube joint and geometrical parameters affecting quality. More detalis in “Design and 
process considerations” on page 4. 

  t1 

t2 

t1  : thickness tube 1 
t2 : thickness tube 2 
L  : overlap length 
M1 : material 1 tube 1 
M2 : material 2 tube 2 
dr : radial joint gap 
D1 : diameter tube 1 
D2 : diameter tube 2 L

M1 

M2

dr 

D2 

D1 
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3 Material considerations and corrosion effects

For joining of stainless steel silver based filler alloys 
are commonly used (standard denomination; BAg 
(American standard) or AG-series in Europe). These 
materials are also suited for joining copper to stain-
less. For copper-copper joints the BCuP-alloys (Cop-
per-Phosphorus) are mostly used due to the lower 
cost compared to silver (the corresponding Europe-
an designation is CP) and the "self fluxing" ability.

For "air" brazing stainless steel flux is always neces-
sary (BAg fillers). For wrought copper tubes and 
BCuP-fillers flux is normally not needed. It's recom-
mended to use for wrought brass and cast copper us-
ing BCuP-fillers.

Typical considerations when choosing a filler and flux 
material are:

• corrosion and environmental issues

• melting range and thermal impact on material and 
process

• mechanical strength

• joint gap size and geometry

• (cost)

In many heat exchanger applications fresh water is in 
contact with the joint. In those cases it is important to 
choose materials (both filler and flux) with sufficient 
corrosion resistance in as-brazed condition. Al-
though the alloys of especially BAg-type materials 
"per se" have a good corrosion resistance the inter-
action with base material and geometries are crucial. 
It is important to understand the "as-brazed" condi-
tion.

The most important corrosion mechanism for stain-
less materials in a tube joint is crevice corrosion, in-
terfacial corrosion and intergranular corrosion. 
Crevice corrosion is a localised corrosion attack in-
duced by geometrical crevices, which means this at-
tack can be avoided by proper joint filling. A special 
case of crevices can form chemically by interfacial 
corrosion. This corrosion type is induced in a diffu-
sion layer of the brazed joint which has a lower cor-
rosion resistance compared to the rest of the 
material. To be sure to avoid this type of corrosion fill-
er materials should be chosen with as low Zinc and 
Cadmium content as possible (this more or less ex-
cludes the "AG 300-series" of the European stand-
ard). In fact Cadmium should be excluded by 
environmental reasons and the potentially negative 
effect of Zn minimised. Other ways of minimising this 
risk is to avoid excessive filler material deposits. Talk 
to your filler suppliers to find a suitable Cd-free filler, 
maybe also a Zn-free, to avoid these potential risks. 

In the case of austenitic stainless steel (AISI 316 or 
304 type) the materials seem less prone to interfacial 
corrosion in general compared to ferritic steels. 

Intergranular corrosion of stainless steel is induced 
by that Cr-rich compounds precipitate in the grain 
boundaries and consumes Cr from the metal matrix, 
thus lowering corrosion resistance. Cr-compounds 
can be formed by e.g. carbon (carbides) during braz-
ing or by reactions with the flux. To reduce the car-
bide precipitation risks, lower carbon contents in the 
tube material is needed (<0.05 % C), and to be on the 
safe side e.g. 316 L ("weldable grades") can be used 
(<0.03% C). Carbide precipitation risk is highest be-
tween 650 and 850°C. Other potential risks of Cr-rich 
compounds to form are from e.g. boron in the flux. It 
is recommended to use type FH10 fluxes for stain-
less steels with less boron than other types (FH12 
etc). Still, flux residues are potentially corrosive and 
care should be taken to avoid residues and remove 
them after brazing.

The most important mechanism of corrosion on cop-
per materials in fresh water systems is general cor-
rosion (although crevices accelerate corrosion which 
means joint filling is equally important for copper 
tubes). Copper is a fairly noble metal but in some wa-
ter qualities copper will corrode. Alfa Laval's recom-
mendations to avoid corrosion on copper are to fulfil 
following spec on the water:

1 pH should be more than 7,5 and less than 9,0

2 c(SO42-) should be less than 1 mmol/l (0,1 g/l)

3 c(HCO3-) / c(SO42-) should be more than 1,5

4 c(HCO3-) should be more than 1 mmol/l (0,06 g/
l) and less than 5 mmol/l (0,3 g/l)

5 c(Ca+Mg) / c(HCO3-)  should be more than 0,5

6 the water should not be marble aggressive (sur-
plus of carbon dioxide)

 Maximum levels of cloride ions

Table 2: Maximum level of chloride ions, Cl -, allowed 
for a corrosion free performance of 316 steel under 
aerated conditions at pH 7 and 8.

pH=7 pH=8

1000 mg/l at 25 °C 2000 mg/l at 25 °C

300 mg/l at 50 °C 500 mg/l at 50 °C

100 mg/l at 80 °C 200 mg/l at 80 °C
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4 Design and process considerations

Good joint filling is necessary to make sure that the 
joint is mechanically sound, avoid crevices and pock-
ets where corrosion can be initiated, and make it eas-
ier for flux to escape and be cleaned-off. This can be 
provided by:

1 adding proper amount of filler (analyse geometry 
at brazing temperature (@BT), refer to table 
“Gaps width” on page 4)

2 using proper overlap length (L in “Figure 2:” on 
page 2 should be 3-4 times t1 for copper and 
stainless)

3 that material M2 in “Figure 2:” on page 2 should 
always be the stainless steel if copper and stain-
less steel is to be joined

4 that radial joint gaps dr in “Figure 2:” on page 2 
are in the range presented in “Gaps width” on 
page 4 for capillary brazing (0.05-0.2 mm)

5 heating is provided in a manner to ideally let the 
filler metal flow in and through the joint pushing 
out the flux residues to the outside for easy 
cleaning 

 Gaps width

Table 3: Rules of thumb at which gap width brazing 
is suitable

The thermal expansion will demand that a gap width 
analysis is made at brazing temperature. Especially 
for dissimilar metals like copper tubes connected to 
stainless tubes this must be taken under considera-
tion. Below in table “Radial joint gap” on page 4 de-
scribes the approximate radial joint gaps at room 
temperature and brazing temperature.

 Radial joint gap

Table 4: Approximate radial joint gaps at room temperature and brazing temperature for joining a copper tube 
inside a stainless tube assuming a joint gap at room temperature of 0.05 mm (0.002 inch)  (following rule 3 
above and the nomenclature in “Figure 2:” on page 2)

Gap width@BT Suitability brazing

<0.05 mm Gap too small for brazing in air with flux

0.05-0.2 mm
Gap size range suitable for all types of 
capillary brazing procedures

0.2-0.5 mm
Gap size suitable only for manual flame 
brazing

>0.5 mm Gap too wide for capillary flow

Note!
Please note that this is NOT valid for e.g. vacuum braz-
ing or any furnace brazing procedure

Stainless steel (M2, D2) Copper (M1, D1) Result

Imperial 
size

Size
Increase 
@BT

Tot
Imperial 
size

Size
Increase 
@BT

Tot
Radial 
joint gap 
@BT

(inch) (mm) (mm) (mm) (inch) (mm) (mm) (mm)

3.00 76.20 1.2192 77.419 2.996 76.098 0.837 76.935 0.242

2.75 69.85 1.1176 70.968 2.746 69.748 0.767 70.516 0.226

2.50 63.50 1.016 64.516 2.496 63.398 0.697 64.096 0.210

2.25 57.15 0.9144 58.064 2.246 57.048 0.628 57.676 0.194

2.00 50.80 0.8128 51.613 1.996 50.698 0.558 51.256 0.178

1.75 44.45 0.7112 45.161 1.746 44.348 0.488 44.836 0.162

1.50 38.10 0.6096 38.710 1.496 37.998 0.418 38.416 0.147

1.25 31.75 0.5080 32.26 1.246 31.648 0.348 31.997 0.131

1.00 25.40 0.4064 25.806 0.996 25.298 0.278 25.577 0.115
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Heating should be applied to allow indirect heating of 
the filler and make sure the filler is drawn to and 
through the gap. Below in “Figure 4:” on page 5 de-
scribes preferred configurations for heating during 
brazing by heating from the exterior (such as torch/
flame brazing).

Figure 3: Heating configuration on a pre-placed filler 
using any heat source that transfers heat to the braz-
ing object by radiation or convection (flame/torch). 
The filler melts and is drawn towards the more heat-
ed area (also against gravity). Here it can push flux 
residues outside the joint where it is easily cleaned-
off.

Figure 4: Heating configuration using hand-held filler 
rod with flame/torch brazing. The filler flow pushes 
flux residues inside the tube which might make it 
more difficult to clean.

This means that the configuration and alignment of 
the induction coils are an important optimisation pa-
rameter for the heating and brazing process.

Heat affecting the heat exchanger during 
tube brazing
When brazing tubes to the heat exchanger the heat 
source might affect the heat exchanger. Since the 
heat exchanger consists of a low carbon AISI 316 
quality (<0.05% C) and pure copper, the situation is 
similar as for the pipes to be brazed as described in 
“Material considerations and corrosion effects” on 
page 3.

In the rare event that copper melting temperatures 
are close to being reached (1083°C) the heat ex-
changer should not be taken in service.

Thermal impact is also shown as oxidation where 
blue, brown and eventually black surfaces are 
formed on the stainless steel. The oxidation means 
that mainly Cr and other elements with high affinity to 
oxygen diffuse to the surface and react with oxygen. 
Thus depleting the metal matrix of the Cr, hence the 
corrosion resistance is lower. The oxidised surface 
outside the heat exchanger can always be ground 
and polished taking away the outmost layer of oxides 
and low-Cr metal. BUT is it possible to make sure the 
interior is still OK? Light oxidation will not affect the 
corrosion performance significantly. But heavy oxi-
dation (depending on time and temperature) might. 

A good rule of thumb could be to only accept bluish 
oxidation on the outside of the heat exchanger, which 
can be polished off, hence it is likely to be less inside.

If heating affects the heat exchanger in a negative 
way it is possible to use longer connections to in-
crease the distance between the braze joint and the 
heat exchanger.

Pre-placed filler 
material: ring or 
paste 

More heat here 

Flow of filler 

Warmer here 

Filler rod 

Filler flow 
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5 Summary

By following above recommendations the fulfilment 
of the "six rules of brazing" can be achieved:

1 The provision of a clean surface at the joint inter-
face at brazing temperature.

Keep components free from grease, oil and for-
eign matter. Maybe grind.

2 The need to heat the components of the joint 
evenly to brazing temperature.

Brazer skill important. Let the braze filler flow 
through the joint with help of a small temperature 
increase in one end. Refer to “Design and proc-
ess considerations” on page 4.

3 The selection of the 'right' alloy for the job in 
question.

Avoid Cd-alloys. Minimise Zn-content but use as 
low melting range as possible to avoid thermal 
impact. Recommendations in “Material consider-
ations and corrosion effects” on page 3.

4 The selection of the most appropriate method of 
removing the oxide skin from the surfaces of the 
joint.

Use FH10 type of fluxes when needed (stainless 
steel joints - AG-fillers). Recommendations in 
“Material considerations and corrosion effects” 
on page 3.

5 The use of an appropriately dimensioned joint 
gap.

Use recommendations in “Design and process 
considerations” on page 4.

6 The application of the filler material to the appro-
priate part of the joint

Recommendations in “Design and process con-
siderations” on page 4.

6 References and information sources

This document was compiled by Jens Rassmus for 
Alfa Laval May 2010 from information in following 
documents:

"The brazing of connecting tubes to stainless steel 
copper-brazed plate heat exchangers" by Philip M. 
Roberts for Alfa Laval 2010 and

"Copper Brazed and Fusion Bonded Compact Plate 
Heat Exchangers in Water Applications- Material as-
pects and life time limiting factors-", edited by Jens 
Rassmus for Alfa Laval 2008.
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