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BRAZING AND BRAZE WELDING
INTRODUCTION
This learning aid, consisting of your "Learners Guide" and video programmes, has been
designed to assist you to learn the BASIC SKILLS and KNOWLEDGE involved in brazing and
braze-welding processes.

OBJECTIVES (Purpose of this material)
This series serves to assist you, the "Learner", in achieving a "Learnership" in any of the
engineering fields where Brazing (or braze welding) is stated as being a "unit of learning".

PURPOSE STATEMENT (What you will learn)
During this learning programme you will learn:
o To describe basic Brazing and Braze Welding processes.
o To identify, by name, the equipment, components, accessories and consumables used in
typical processes.
o To set up and prepare for a braze weld and brazed joint operation.
o To produce an acceptable braze weld and brazed joint using the torch method.

LEARNING ASSUMED TO BE IN PLACE (What you should already be able to do)
o General workshop safety.
o Identify common metals and "alloys".

LEARNING OUTCOMES (What you will be able to do after completing the GMAW module)
o Prepare an oxy/acetylene welding station for operation.
o Join various metal work pieces using brazing processes.

LEARNERS INSTRUCTIONS (How to use this Learning aid)
Step 1
- Read the Resource Notes and follow any written instructions.
Step 2
- View the relevant DVD section (where applicable).
Step 3
- Complete any "Self-Test Exercise" (as applicable).
Step 4
- Perform a practical exercise (as applicable).
Step 5
- Have your Mentor / Facilitator assess your work.
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BRAZING AND BRAZE WELDING
PART 1 - VIDEO 1

In this section you will learn:
o To describe the terms Brazing and Braze Welding.
o Identify, by name, the equipment used to perform "torch brazing" operations.
o Prepare an oxyacetylene gas-welding set for safe operation.

RESOURCE NOTES
1. THE BASICS
Brazing and braze-welding are processes of joining metal using a molten "fillermaterial". The temperature of the molten alloy is above 450 degrees but always below
the melting temperature of the base metal (metals to be joined). The filler- material is
usually an "alloy" consisting primarily of copper and zinc for braze-welding and silver and zinc
for brazing.
You need to understand two technical terms as they tend to appear from time to time,
namely "solidus" and "liquidus".

SOLIDUS
This term describes the temperature at which an alloy begins to melt. It is the highest
temperature at which a metal or an alloy can exist in its "solid state".

LIQUIDUS
This term describes the lowest temperature at which a metal or an alloy exists in a "liquid
state". In this state the metal or alloy is able to "flow". The joining of metals using a filleralloy having a "solidus" below 450 degrees is, in welding terms, considered a "soldering
process".

WHAT IS THE DIFFERENCE BETWEEN THE 2 "BRAZING" PROCESSES?
We need to clear this question before continuing. Basically it has to do with how the joined
parts fit together.
Brazing occurs when the parts to be joined fit together "tightly" and the gap (or cavity)
between the surfaces is in the region of 0.02 to 0.15 mm. With "brazing" the filler material
"flows" into the joint by "capillary action". The "liquidus" of most alloys used in a brazing
process is in the range of 600 to 700 degrees. Sometimes the term brazing is, incorrectly,
called "silver soldering".
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Braze Welding occurs when the parts fit together "loosely", or when the gap between the joint
surfaces exceeds 0.20 mm. The filler material does not flow into the join by “capillary action”,
instead it adheres to the outside surfaces of the joint. Braze-welding more closely resembles
"fusion welding" in that a definite "welding bead" is created along the joint, or seam, to be
joined. Most "braze-weld" filler alloys have a "liquidus" in the range 800 to 900 degrees.

WHAT MATERIALS CAN BE "BRAZED"?
Most "metals", including "alloys" can be brazed or braze welded. Brazing is often used to
join "dissimilar metals" such as brass to stainless steel. Another common application is "thin
plate" work where the heat factor of brazing is less severe than with "fusion welds". Although
brazing/braze-welding is considered to have less strength than fusion welding it is never the
less used extensively in the joining of "dissimilar metals" and for tubes and small diameter
pipes for use in high pressure and vacuum operations (e.g refrigerator tubing).

WHAT FILLER MATERIALS ARE USED?
Fillers are made in a variety of materials, usually alloys of two or more metals. The main fact
is that the filler must become "liquid" at a temperature BELOW the melting temperature
(solidus) of the base metal (metal to be brazed), and above 450°C. The most commonly used
"brazing-alloys", for use with steel, copper and brass, may include varying percentages of:
Silver (Ag) Copper (Cu) Zinc (Zn) Nickel
(Ni) Cadmium (Cd)
Filler material is available in the form of "brazing rods", and these may be "bare wire" type or
"flux coated". Other forms include wire-strips, powder and "pre-formed shapes". The most
usual form when performing a "manual operation", and the type that we shall be using during
this training programme, is the wire or "rod". Brazing- wires are commonly produced in
diameters ranging between 0.4mm and 3mm and supplied in 600mm lengths.
Silver rods are commonly obtained in 1,5 and 2mm diameters.
Both types of rods may be obtained in "bare-wire" or "fluxed" or "coated" versions.

WHAT IS FLUX?
Flux, primarily, is a "de-oxidising agent" and is applied during most brazing and brazewelding processes in order to dissolve or "neutralise" surface "oxides" from the metals being
joined. Oxides are formed when metal, in the presence of sufficient heat, combined with
the "oxygen" in the atmosphere. Rust is a common example of an oxide, namely "iron-oxide".
Most metals will form oxides very rapidly when they are heated, and if not dealt with, theses
oxides will prevent the "bonding" of the filler metal to the "parent metal".
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Flux is "chemical combination" of substances supplied as a powder or a paste. Various
types of flux are produced for use with the brazing of various types of metals and alloys, and it
is important that the correct type is selected for the material you are brazing/welding.
The selection of a suitable flux for a given application (or metal types) is made using
manufacturers' "Data Sheets", obtainable from your supplier of filler-alloys.

EQUIPMENT -BASIC COMPONENTS
Both brazing-processes can be effected using standard "oxy/acetylene we/ding equipment". It
is important that you are able to identify the equipment and the safety devices used along with
a typical "Gas welding-set". This equipment comprises:
o Oxygen cylinder -Black.
o Acetylene cylinder -Maroon.
o Oxygen pressure regulator and gauges -blue markings.
o Acetylene regulator and gauges -red markings.
o Welding hoses: red for acetylene and blue for oxygen.
o Welding torch -either a "balanced pressure" or an "injector type" torch may be used.
o Welding nozzles -normally a range of standard welding-nozzles sizes 1 to 7 will be
sufficient. (See note *).
o In accordance with "international safety practices, standard safety devices must
be used with oxyacetylene equipment, namely:
➢ Flashback-arresters, at the regulator end of each welding hoses.
➢ Flashback-arresters, at the torch end of each welding hose.
NOTE: * -Special "brazing nozzles" can be obtained as required. (Ask your supplier for local
information on nozzles).
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EQUIPMENT -PREPARING AN "OXY/FUEL" WELDING SET
Before welding-equipment is used it is important to ensure that it is in safe working order
the following points must be checked.
NOTE: The basic setting-up and preparation of oxyacetylene equipment is covered in full
detail for reference purposes.
o Gas cylinders must be supported in an upright position and secured with a chain or
strap to prevent them from toppling over.
o Both cylinders (oxygen and acetylene) MUST be fitted with correct and "approved"
regulators. The regulators should be clearly marked as to the type of GAS they are to
be used with. In many examples regulators are colour coded.
o Blue is used on the oxygen regulator and a red on the acetylene regulator. Some
regulators may not be colour coded, but there are other ways of distinguishing their
purpose. In all cases the gauges will be marked as "oxygen" or "acetylene". A further
feature is that the acetylene regulator "cylinder connecting fitting" will have "lefthand threads". Left-hand fittings (connector nuts) always have "grooves" cut into
them.
o Pressure gauges are normally fitted to regulators. Make sure that the gauges are in
good condition and the gauge markings are "readable".
o All hose-connections from the regulators to the torch must be secure and free of
leaks.
o For maximum safety, and in terms of "best practice procedures", "flashback
arrestors" should, as already mentioned, be fitted to both ends of each welding-hose
(at the regulator end and at the torch end).
o Welding-hoses must be in good condition. No hose may be used that has physical
damage such as perishing, cracks, cuts or burns.
o The welding torch must be in good physical condition and the "gas control- valves"
in good working order (open and close easily).
o The welding-nozzle should be in good condition and not eroded or blocked.
o A "spark lighter" should be available for igniting the torch. Never use butane (gas)
cigarette lighters or matches.

EQUIPMENT -WELDING TORCHES-SET UP PROCEDURES
There are essentially two main types of welding-torches, namely "injector" and balanced pressure" types.
An "Injector Torch" requires that the "working pressure" on the acetylene regulator is set to
34.5 kPa (5 psig). The oxygen working-pressure is adjusted to between 55 kPa and 172 kPa
(8 and 25 psig). The pressure is increased according to "nozzle size".
A "balanced-pressure" torch operates with both the oxygen and the acetylene pressure
adjusted, at the respective regulator, to provide a working-pressure of between 15 and
60 kPa. Both gases must be set to identical pressure.
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Both torch types require that the correct operating procedure (best practice) is adhered to.

INJECTOR TYPE TORCH
The following procedure should be used when beginning operation with an injector type
torch.
o Close both torch valves.
o Fully wind OUT the pressure regulator adjusting screws (knobs), both oxygen and
acetylene, so that the pressure settings are at a MINIMUM.
o Open the oxygen discharge-valve at the cylinder. The valve must be "cracked open"
slowly in order to avoid a sudden "shock load" of pressure into the regulator. Open
the valve fully so that it "back-seats".
o Open the acetylene discharge -valve by a y" turn only.
o Open the oxygen torch-valve wide, approximately 1 1/2 turns.
o Turn in (increase) the oxygen pressure adjusting screw (at the oxygen regulator) until
the pressure on the working-gauge registers the desired value according to the nozzle
size. (See table guide 2).
o Close the oxygen torch-valve.
o Open the acetylene torch-valve by 1/2, turn.
o Turn in (increase) the pressure adjusting-screw on the acetylene regulator until the
pressure on the working gauge shows approximately 34kPa.
o Close the acetylene torch-valve.
Having followed this procedure you will have set the "operating pressures" and purged the
hoses as well.

BALANCED-PRESSURE TYPE
The following procedure is performed whenever beginning to work with a balanced pressure
torch.
o Close both torch valves.
o Fully wind OUT the pressure regulator adjusting screws (knobs) so that the pressure
setting is at a MINIMUM.
o Open the oxygen valve at the cylinder (discharge valve). The valve must be "cracked
open" slowly in order to avoid a sudden "shock load" of pressure into the regulator.
o Open the oxygen-valve fully so that it "back-seats". A partially open oxygen- valve
may leak at the valve-stem area.
o Open the acetylene delivery-valve by a 1/4 turn only.
o Open the acetylene torch-valve (fuel) by about 1/2 a turn.
o Slowly turn IN the acetylene regulator adjusting screw until the pressure on the
"working gauge" rises to the desired pressure for the nozzle size. (See setting guide
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1)
o Close the acetylene torch-valve. The welding hose will now be "purged" of other
gases or "mixed gas".
o Open the oxygen torch-valve by approximately 1/2 turn and slowly turn in the oxygen
regulator adjusting screw until the desired oxygen pressure registers on the "working
gauge". (See setting guide 1)
o Close the oxygen torch-valve. The oxygen hose is now "purged" and the torch is ready
for lighting-up.
The following table is offered as a "guide" to Nozzle selection in relation to material
thickness and gas working pressure settings in relation to nozzle sizes.

EQUIPMENT -LEAKAGE CHECKS
After having set the working pressures, and before lighting your torch it is recommended
that the system be checked for gas leaks. Leaks can occur in two main areas namely, in
the Pressure Regulators, and in the hoses (and their associated connections). Leaks can
result in hazardous conditions such as a "flammable atmosphere" especially in a closed area.

CHECKING A REGULATOR FOR LEAKS
When you close off the torch valve, after having adjusted the working-pressure, observe
the "working-pressure-gauge" carefully. As you close the torch-valve you will see a slight
rise in the gauge-needle: this is a normal situation (static pressure is always slightly higher
than dynamic pressure).
However if the needle continues to rise, or "creep", then this is an indication that
internal valve-seats, inside the regulator, are faulty. (Watch the gauges for several
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minutes). In such an event, close the cylinders' discharge-valve immediately and open the
torch-valve in order to drain off the pressure in the hose. A new or reconditioned regulator
should be installed and the faulty unit returned to your dealer for inspection and repair.
Failure to replace a leaking regulator will result in excessive pressure build-up in the "low
pressure gauge" and the gauge may "rupture" (burst). A rupturing gauge can cause serious
body injury.
NOTE: Under NO circumstance should you attempt to repair a faulty regulator.

CHECKING FOR HOSE AND TORCH-VALVE LEAKS
With the torch-valve closed (after you have adjusted the working pressure) close the cylinder
delivery-valve and observe the working-pressure-gauge over a period of a few minutes.
If the needle drops (pressure drops) then gas is escaping from some point between the
regulators' cylinder connection and the torch. In this situation check by listening, or by
applying "soapy water solution" to each union or connection, beginning at the cylinder
connection and working along the hose to end at the torch.
Do not overlook the fact that poorly seating torch-valves may also result in a leak. If you can
hear, or in the case of acetylene, smell gas at the nozzle, then the torch will need a proper
inspection by an AUTHORISED person.
Note: Torch valves-seats are easily damaged through over-tightening. When closing a torchvalve use finger-pressure only.
Re-open the delivery valve(s) when you have completed the inspection.

LIGHTING AND SHUTTING-OFF PROCEDURES
1. To light up an Injector-Type torch follow this procedure:
o Open the OXYGEN torch-valve by 1/4 turn.
o Open the ACETYLENE torch-valve 1/2 turn.
o Keeping the torch pointed away from your body and from the cylinders, light (ignite)
the gas with a torch lighter.
o Open the oxygen torch-valve wide, approximately 1 1/2 turns.
o Using the acetylene torch-valve, adjust the flame to the desired state (neutral or
carburising).
Shutting off the torch:
o Close the ACETYLENE torch valve FIRST. This shuts off the "fuel".
o Close the OXYGEN torch valve last.
o Close the stop valves at the regulator (if equipped).
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2. To light up a "Balanced Pressure torch" follow this procedure:
o Open the acetylene torch-valve by about 1/8 of a turn.
o Hold the torch away from your body and pointing away from the cylinders.
o Use a spark-lighter to ignite the gas.
o Adjust the acetylene torch-valve until the flame burns without "sooty smoke".
o Next, slowly open the oxygen torch-valve and observe the flame. Manipulate (open
or close very gently) the oxygen torch-valve until a "neutral-flame" is achieved. A
"neutral-flame" has a distinct "bullet shape" of the "inner cone".
o Most brazing operations are carried out with a neutral flame or a slightly
"carburising flame". To achieve a carburising flame close the oxygen valve slightly
until a "light blue feather" is observed at the end of the "cone-shaped flame".
o If the "bullet shape" becomes pointed and shortened, then there is an excess of
"oxygen" passing into the nozzle. This is known as an "oxidising flame".
Shutting off the Balanced Pressure torch:
o Close the ACETYLENE torch valve FIRST. This shuts off the "fuel".
o Close the OXYGEN torch valve last.
o Close the stop valves at the regulator (if equipped).
At the end of the shift or if you have completed work then perform a "full shut down" as
follows:
o Repeat as above to shut-off the flame.
o Close both cylinders' delivery-valves.
o Open acetylene torch-valve. Observe pressure gauge drops to zero.
o Close torch valve.
o Repeat the above steps for the oxygen.
o Wind OUT the pressure adjusting screws of BOTH regulators. (Set to MINIMUM)
o Coil and stack the hoses neatly.
Safety Note:

A full shut down procedure MUST be made if you intend leaving the
welding set UNATTENDED. Always perform this routine at the end of a
shift or when the welding set is to be stored away.
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SAFETY AND PPE

As a general rule one would use the same PPE with brazing as one would for gas welding.
o Eye Protection -Welding goggles are recommended for braze-welding. Less flame
intensity is experienced with brazing (silver soldering).
o Skin and Body protection -It is advisable to wear your standard overalls as
protection from the odd spark that may be generated. Wear soft leather welding
gloves as protection from radiated heat and from accidental contact of hot metal
objects.
o Respiratory Protection -Brazing alloys and flux, tend to emit fumes during the heating
process. When performing "occasional work" one must make sure that the work
is carried out in a "well-ventilated area", and that you do not inhale the fumes.
Workers performing fabrication or "continuous" operations must use a "fume
extraction device". If alloys containing "cadmium" are used make sure that the fumes
are not inhaled, as these are highly toxic. Workers who perform continuous brazing
operations using cadmium-based alloys should wear an approved respirator. Most
brazing alloys emit harmful fumes if the alloy is heated excessively.
NOTE: Read the "data sheets" and manufacturers warning on product labels, and then obey
those instructions!

NOW VIEW THE VIDEO PROGRAMME NO. 1
AND THEN PERFORM SELF-TEST EXERCISE NO. 1
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SELF TEST No.1

INSTRUCTIONS
o Answer the questions below without reference to your notes or the video.
o Perform the suggested exercise (below questions) in the presence of your Mentor
/ Facilitator.

QUESTION

YES

NO

1. What does the term “solidus” mean?
__________________________________________________
__________________________________________________
2. What does the term “liquidus” mean?
__________________________________________________
__________________________________________________
3. What is the minimum solidus of a filler alloy used in a brazing
process?
__________________________________________________
__________________________________________________
4. Which process is used to bond “close-fitting” parts using
“filler material”
__________________________________________________
__________________________________________________
5. What is another name for the process and why is the name
technically incorrect?
__________________________________________________
__________________________________________________
6. What is the maximum gap, or space between surfaces, that
will permit “capillary action”?
__________________________________________________
__________________________________________________
7. Which of the two brazing processes relies upon capillary
action?
__________________________________________________
__________________________________________________
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8. Why is “flux” required for most brazing and brazewelding operations?
__________________________________________________
__________________________________________________
9. What items of “personal safety equipment” must you wear
whenever performing either brazing and braze-weld
operations?
__________________________________________________
__________________________________________________
10. What should you do to ensure that you do not inhale
fumes from a brazing process?
__________________________________________________
__________________________________________________

Back to Table of Contents

14

PRACTICAL EXERCISE NO. 1

INSTRUCTIONS
o Obtain, from your Mentor / Facilitator, an oxyacetylene gas welding set.
o Check the equipment for proper connections and for gas leaks.
o Perform a "regulator check" on both the oxygen and the acetylene regulators.
o Select and fit an appropriate brazing-nozzle to the torch.
o Adjust the gas pressures to suit braze, or braze-weld operation.
o Light your torch and set a "neutral flame".
o Demonstrate, to your Mentor, the setting of both an oxidising and a
carburising flame.
o Shut down your equipment according to standard procedures.
o Have your Mentor / Facilitator assess your work with you according to the "check
list" on the next page.
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CHECK LIST FOR PRACTICAL
EXERCISE NO.1

INSTRUCTIONS
o Check off each item according to the list. Score a YES only if this criterion has been
attained.
o Have your Mentor / Facilitator check your work and sign off this exercise when it has
been completed.
CRITERION

YES

NO

1. Gas cylinders secured in an upright position.
2. Gas delivery valves opened according to “standard safety
practices”.
3. All connections checked for gas-leaks with bubble test.
4. Regulators checked for internal leaks-pressure rise on
working gauges.
5. Correct working – pressures set for torch type.
6. Torch lit in a safe manner (away from cylinders and from
person).
7. Neutral flame set.
8. Oxidising and carburising flames demonstrated correctly.
9. Torch closed-off according to correct practices.
10. Equipment closed down according to correct practices.

Signed by:

(Mentor / Facilitator) Date:
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PART 2 -VIDEO 2
BRAZING PROCEDURES (CAPILLARY)

OBJECTIVES
When you have completed this section of the module you will be able to demonstrate your
ability to:
o Prepare metal parts for brazing.
o Join similar and dissimilar metal parts by the brazing process using
oxy/acetylene gas welding equipment.
BEGIN THIS SECTION BY READING THE NOTES THAT FOLLOW.

RESOURCE NOTES -PART 2
BASIC BRAZING PROCESS

INTRODUCTION
The art of producing a neat and strong "brazed joint" lies in the preparation of the joint
and following correct practical procedures.
There are essentially six steps to follow, and most of these are very easy to perform. We will
overview each step in the following sub sections. Please note that the following
processes relate to "manual operations" (using a hand held welding torch and filler-rods).

STEP 1-CORRECT FIT
Because brazing relies upon "capillary action" for the introduction of molten filler
material into the joint cavity it is necessary that the adjacent surfaces must have "close
tolerance" fits. The "ideal space" between parts to be brazed is 0.15 mm where the
greatest capillary action occurs and the strongest "metallurgical bond" is achieved. In
practice it is rarely necessary, or practical to "measure" this gap, we simply mention this
as an "engineering fact". A gap (space) larger than 0.15 mm will not permit full "capillary
attraction" to occur, and a gap below 0.02mm is too small to permit sufficient filler material
to enter and create the necessary "bond" between the base metal surfaces.
From a "practical point of view" we need make sure that the parts that we intend to braze
fit "neatly together". For example, if plates are flat, when checked with a "straight
edge", then they are "braze-able" when placed upon one another. It must be noted however
that highly "polished surfaces" are not generally suitable for brazing.
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A slight "roughness" (achieved by abrading) to flat surfaces provides better bonding
properties than a "mirror finish". Concerning parts that fit into each other, such as
flared tubing or other "cylindrical fits", we must be careful about expansion rates,
especially when joining "dissimilar metals".
If for example you are to secure steel into a steel then a "slip fit' will be sufficient.
However if the tubing is brass then a greater gap must be allowed to allow for the
greater "expansion rate" of brass compared to steel. Remember that brazing occurs at the
"liquidus" temperature of the filler material, which means that both base metals must be at
this temperature. With this in mind, allow for the expansion of the metals when they are
at this temperature, not "room temperature" when you make the initial fit. (See diagrams)

JOINING SIMILAR METALS

JOINING DISSIMILAR METALS
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The ultimate joint strength is a factor of the "joint design" not the filler-material. A
correctly designed brazed joint will often be stronger than the parent materials from which
it is constructed. As a general rule the degree of overlap for a brazed "lap- joint" joint is 34 times the thickness of the thinnest material in the joint.

The general rule for tubular parts is that the overlap (fit depth) should be one pipe
diameter for sizes up to 25mm diameter tube.

STEP 2 -CLEANING THE BASE-METAL SURFACES
Metal surfaces that are "contaminated" (and they almost certainly will be) will prevent
capillary action from taking place. In other words, brazing will not be possible unless the
surfaces to be joined are "clean".
Cleaning can therefore be considered a VITAL part of preparation!
The impurities on metal surfaces usually depend on the type of metal being prepared.
Impurities include, "oxides", mill-scale, paint, grease, oil, ink, paper (e.g sticky labels) and
even dust. Any type of impurity will, in some way, prevent a proper bond (and interfere with
the capillary action) between the filler and the base metal.
As a rule, deal with oil and grease first. Use a proprietary detergent or "degreasing agent'
to remove oil or grease.
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To remove surface deposits such as "oxides", use an abrasive such as "emery cloth' or, when
severe (specifically on steel) use an angle grinder or a belt-sander to bring the base metal to a
"bright condition".
Do not attempt to abrade (sand) an oily surface as this will result in making a "metallic
paste" which will impregnate the metal surface and be very difficult to remove. Ingrained
contaminants may be removed by "pickling", that is, soaking the part in an "acid bath"
(commonly used is 10% solution of sulphuric acid).
Do not use pickling processes unless you have received the necessary training in the
handling and use of "corrosive chemicals".
Brazing should commence soon after the surfaces have been cleaned. Leaving cleaned parts
for lengthy periods increases the chance of "re-contamination" from rusting (oxidising) and from
oils and grease being deposited through handling.

STEP 3 -SELECTION OF FILLER AND APPLICATION OF FLUX
Filler material (for brazing) is normally selected according to the "base metal", the conditions in
which the brazed joint is to be applied, and upon the "heat factor". The suitability of any "brazing
filler alloy" is generally a decision made by an engineer or designer. From a "day to day" factor,
especially with "repair operations", the choice of filler is made by the operator. As a guide the
table below offers basic recommendations for "popular alloys". It must however be noted, and
stressed, that fillers containing cadmium are never to be used for the brazing of any utensil
or container that is to be used with "food products".

For additional information concerning the selection of "filler alloys" consult your suppliers (or the
manufacturers') data sheets.
Fluxes are normally selected on the basis of two main criteria:
1. The melting range of the brazing alloy -both solidus and liquidus should fall well within
the stated working range of the flux.
2. The parent metals to be joined -some alloys, such as aluminium bronze, require the
use of special fluxes.
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The following listing provides information (data) on various popular fluxes. Note that it is the
"temperature range" that primarily results in the differences.

Flux is most usually applied in "paste form" to pre-cleaned surfaces prior to heating. A
common method of application is to use a small soft paintbrush brush. If the flux is purchased
in powder-form, then mix in a separate container, a small quantity with clean water, to a
"creamy-paste". Depending on the size of the work, it is usual to apply the paste over a
broad area surrounding the joint. This practice helps to reduce the formation of "oxides"
on the surrounding surfaces.
NOTE:

It must be stressed that following the directions of the manufacturer is
essential (by reading the label or data sheets).

STEP 4 -ASSEMBLING YOUR WORK-PIECE (Setting up for the braze)
When the parts have been cleaned and "fluxed" the next step is to assemble the work in
the relative brazing position. Obviously the manner in which this is done depends on the
shape and the position of your work.
o Wherever possible, arrange the job so that you are working (brazing) in the "downhand position".
o Arrange the work upon a suitable surface such as "fire-bricks" ('see note below)
in order to prevent heat loss. Do not place parts directly onto a metal surface, such
as a steel bench, as this will result in the heat being drawn out of the metal (work).
o Set out the work-pieces in their relative positions and use the necessary
supports, such as jigs, to keep them in position for brazing.
NOTE:

DO NOT use ordinary HOUSE BRICKS. House bricks may explode, when
heat is applied, owing to their moisture content.
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STEP 5 -BRAZING THE WORK
This step involves bringing the work to the correct "brazing temperature" and then
introducing the "filler-material".
There are 3 things that we now need to discuss namely:
1. Selection of the nozzle.
2. Heating procedure.
3. Application of filler material.

SELECTION OF NOZZLE
The nozzle size determines the amount of heat that will be applied to the braze area.
Generally we would select larger nozzle sizes for brazing than for welding because we
require a "broader spread" of heat around the braze site.
Many artisans prefer to use a nozzle that is "one size larger" than they would select for gaswelding. Nozzle selection is often a matter of "preference" and of course upon the
physical size of your work piece.
Selecting a nozzle that is too large will simply waste gas and may result in overheating the
work.
Selecting one that it too small will also waste gas and time as it will take longer to bring
the metal up to temperature. A small nozzle may also cause you to apply heat too "locally"
and this will result in "concentrated heat" and possible overheating of the filler material.
When you have selected and attached the desired nozzle to your torch, and adjusted the gas
pressure according to your work, then light the torch. Set a "neutral to slightly
carburising flame".

HEATING PROCESS
This is where much care and attention is necessary. Heating involves bringing the
temperature of the base metal to the "molten temperature" (liquidus) of the filler
material. This is called the "brazing temperature" and it is at this point that the filler will be
drawn into the joint (cavity) by capillary attraction.
Heat should be applied "broadly" to the base metal surrounding the cavity. Do not
"concentrate the flame to one spot" (as we do when we make a fusion-weld), rather spread
the heat uniformly all around the joint. In other words, keep the torch moving. Use the outer
flame (not the hot cone) to apply the heat. The torch nozzle should be kept approximately 4050mm away from the base metal surfaces.
Keep watch on the "flux" as this can reveal important clues (depending on the flux
composition). "Easyflo ® flux" will become white and "bubbly" when it starts to "work" and,
upon reaching "brazing temperature", it will become clear, like water. It is at this point that
filler-alloy can be introduced. At this time bring the filler-alloy rod into the outer flame area
so as to "pre-heat" it.
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APPLYING THE FILLER-ALLOY
When the work has achieved "brazing temperature" the next process is (obviously) the
application (or introduction) of filler metal.
Touch the brazing rod onto the base metal, at the joint, and if the metal is at "braze
temperature", the filler will melt and flow swiftly into the void (joint cavity) within the joint.
Depending on the joint shape and size the filler may not flow fully and completely fill the
cavity. To "encourage" the flow, draw the flame along, or around, the joint adding filler as
necessary. Remember that the alloy will always flow toward the hotter areas. Remove the
filler wire from the metal when it is apparent (obvious) that the cavity has been filled. (Excess
begins to flow off or out)

BRAZING OF "DISSIMILAR METALS"
Brazing metals of "dissimilar nature" means that the distribution of heat will need careful
control. Metals that are "good conductors", such as copper, dissipate heat faster than
those being "less good conductors", such as mild steel.
When brazing together copper and mild steel (for example) the best indication is to keep a
watchful eye on the flux. If the flux changes its appearance uniformly, on both metals, then
the parts are being heated evenly. If however the flux on the steel is watery but that on
the copper is "milky" you will need to "draw the heat" toward the copper section.
Naturally the thickness and surface area of the sections being joined will have a
pronounced influence on "heat dissipation", and the amount of heating time required to
reach "brazing temperature.
Thicker sections will require longer heating time than thin sections and, once again, it is the
behaviour of the flux that gives us the clues. This is why it becomes a good idea to apply
flux to a large area of the work as this offers a "visual indication" of the temperatures in the
different sections.

COPPER TO COPPER BRAZING
It should be noted that when brazing copper to copper, such as refrigeration tubing, there is
no need to use flux, provided that the filler-alloy contains "phosphor".
This element performs the necessary cleaning action. Products such as "Silfos 15®" and
"Silbralloy®" are available for the "flux-less brazing" of copper.
Copper must be heated to a "cherry red colour" before applying the filler to the joint. At this
temperature the filler-alloy will flow rapidly, by capillary action, into the joint.

Back to Table of Contents

23

STEP 6 -REMOVAL OF RESIDUAL FLUX DEPOSITS
The removal of residual flux after brazing is always recommended. Flux residues are generally
"corrosive" and, if not removed, will result in eventual joint degeneration. Further
complications will arise if the part is to be painted, plated or coated after assembly.
Residual flux tends to be very hard and almost "glass like" in appearance. When cold this
residue is extremely tough and can only be removed by "chiselling" or "chipping". The
standard practice is to "quench" the work in warm water, soon after brazing has been
completed. A short period of "air cooling" should be allowed for the metal temperature
to fall below 400 degrees thus preventing "stress-fractures" in the bond. Quenching will
almost always cause the residue to flake off and the little that might remain can easily be
removed using a stiff brush.
Sometimes it may be necessary to immerse the component in a "pickling solution" for the
removal of surrounding residues and oxides prior to painting or applying other types of
"coatings".
Safety Note:

A pickling solution may be "alkaline or acid" but whichever is
used it must be done with the utmost care to avoid serious skin
burns. It is not recommended that you attempt to use a pickling
process unless you have received prior training in the handling of
corrosive substances.

INSPECTION OF THE BRAZED JOINT
Upon inspection you should observe that the filler-alloy has completely penetrated the
cavity. Filler material will be visible on either side of the join in the case of "T" and "Lap" joints.
It is more difficult to assess the penetration of filler within a tubular or sleeve-joint. Visual
inspection however must ensure that filler has completely surrounded the joint. A
common fault with this type of joint is "pin-holes", where filler has not penetrated, that will
result in leaks.

NOW VIEW THE VIDEO DEMONSTRATION FOR THIS SECTION.
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SELF TEST NO. 2

INSTRUCTIONS
o Answer the questions below without reference to your notes or the video.
o Perform the suggested exercise (below questions).
QUESTION

YES

NO

1. What 3 conditions are considered essential in order that
“capillary action” can occur?
i)
__________________________________________
ii)
__________________________________________
iii)
__________________________________________
2. What is the approximate range of working temperatures for
brazing-flux?
_________________________________________________
3. How do you tell when the metal is approaching “brazing
temperature”?
_________________________________________________
4. What metals can be brazed without the use of flux? S:
_________________________________________________
5. For what purpose do we quench the work?
_________________________________________________
6. Where can you obtain information regarding filleralloys and flux if you are not sure which to use or
where?
_________________________________________________
_________________________________________________
7. What special precaution must be taken if you use a
filler-ally containing “cadmium?
_________________________________________________
_________________________________________________
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8. For what reason may you need to “pickle” you work?
_________________________________________________
_________________________________________________
PRACTICAL EXERCISE NO. 2

INSTRUCTIONS
o Practice the procedures involved in brazing of assorted metal sections as
demonstrated in the video.
o When you have mastered the skill, assess your work according to the "check list" on
the next page.
o Have your Facilitator / Mentor check you work.
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CHECK LIST FOR PRACTICAL EXERCISE NO. 2

INSTRUCTIONS
o Check off each item according to the list. Score a YES only if this criterion has been
attained.
o Have your Facilitator / Mentor check your work and sign off upon completion.

ITEM

CRITERIA

Preparation of work

1. Metal surfaces clean.
2. Work set up and supported correctly on
welding bench.
3. Flux applied to braze areas.
4. Personal protective equipment used.

Brazing Process

1. Neutral flame set.
2. Metal plates pre-heated evenly.
3. Brazing temperature reached by
observing flux.
4. Filler applied to the joint.
5. Filler drawn by capillary action into the
complete join area.
6. Work cooled and quenched.

Completed Work

1. Residual flux removed.
2. Filler has fully penetrated the joint.

Signed by:

YES

NO

(Facilitator / Mentor) Date:
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RESOURCE NOTES
BRAZE-WELDING PROCEDURES

INTRODUCTION
The primary difference between "Braze-welding" and "Gas Welding", is that the base metals
are not fused (melted together) when "braze-welded".
Filler material is introduced into the root-gap by having the base metal heated to a
temperature whereby the filler-metal (alloy) will melt on contact with the heated
surface and subsequently fill the root-gap. Filler is added progressively along the weld
seam and a definite "weld bead" is formed. Unlike pure "brazing", braze welding does not rely
upon capillary attraction instead it relies upon "bonding" between the filler-alloy and the
parent metal, in order to create a mechanically sound joint.
Braze-welding is commonly used to join "dissimilar metals" and dissimilar "thickness" plates.
Braze-welding is sometimes used to perform "repair operations" to cast iron structures
where cracks or fractures have to be repaired (this process will be described in other
modules).
The following notes describe a typical braze-weld process (for mild steel).

STEP 1 -PREPARE THE BASE METAL
As in virtually ALL welding-processes, proper metal preparation, specifically CLEANING, is
vital for a successful joint. Bronze filler does not adhere well to metal that is greasy or coated
with surface impurities such as "oxides" and "mill-scale". Remove all traces of oil or grease
and then use a medium grit abrasive cloth to remove rust or scale. When working with steel
it may be necessary to use your angle grinder or belt-sander to remove these substances.
In certain situations it may be necessary to have the metal cleaned by "shot blasting" (castings
are a typical example) in order to ensure full removal of oxides and other substances.

STEP 2 -FIT-UP AND SUPPORT
Next is the task of assembling the work so that it is positioned in such a way that it can be
braze-welded. Obviously the shape of the work, and the position in which it is situated will
dictate this procedure. One thing to keep in mind is "heat loss" due to the surrounding metal
or support structure. Heat (energy) will always move into adjacent "cool" surfaces and if
this is not controlled the work may never reach the temperature required to melt the filler.
Essentially we should strive to support the work upon a surface that will not absorb heat and
this is why you will find "fire bricks" used on gas welding benches.
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STEP 3 -SELECT FILLER AND FLUX
The criteria for selecting both the filler material and the flux are generally based upon two
factors:
o The metal types to be joined.
o The temperature range of filler (Solidus and Liquidus).
Most metals with the exception of aluminium are braze-welded using general- purpose
copper/zinc alloy rods.
The "liquidus" of such alloys is typically between 890 and 930 degrees. This is
substantially higher than the "silver alloy" wires used in brazing. It therefore becomes
important that the flux is selected primarily on the "working range" temperature listed on the
flux label.
The term "Working Range" refers to the temperature range in which the flux is "active"
in dissolving or treating "oxides". Flux will decompose if heated above its maximum
"working-temperature".
Always consult your manufacturers' (suppliers) charts and data sheets for selection of fillers
and fluxes.

STEP 4 -PERFORM THE BRAZE-WELD
The most usual method of applying flux to the joint is by addition whilst brazing. This is
achieved by heating the wire (rod) and dipping it into the flux. An amount of flux will
adhere to the heated section of the wire. This is then carried to the parent metal as you
perform the brazing.
Depending on the metal size and thickness, select a nozzle about 2 sizes larger than you would
for "fusion welding".
Begin the braze-weld process by adjusting the torch flame to a neutral or slightly
"oxidising" condition.
Play the flame all over the work-piece in order to "pre-heat" the whole assembly. This
step will prevent metal deformation and also slow down the rate of heat "migration" from the
weld-zone.
Keep the torch flames' hot cone well away from the base metal. You do not need to bring
the base (Parent) metal to its "melting temperature"!
After an amount of pre-heating, gradually concentrate the heat over the weld-zone. Keep the
flame moving, in other words "spread the heat" over a relatively large area within the weld
zone.
If you are brazing "mild steel" then pre-heat it until it becomes a "dull pink" in colour. At this
temperature the steel will be in the region of 900 degrees, which is approaching the
melting temperature of the filler rod. The metal directly within the "brazing zone" is
heated until it is "cherry red" (steel only) by concentrating the torch flame in this area.
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Touch the filler to the base-metal directly in front of the torch flame and, if the
temperature is correct the filler will melt into the joint (or metal surface).
Maintain the torch nozzle at a slight angle (15 _40°) pointing in the direction of travel, to keep
the heat flowing along the joint. Dip the filler rod into the weld-zone (puddle of molten
filler) and deposit more filler (overlapping the previous deposit). Keep your eye on the flux.
When the flux is nearing depletion, dip the rod into the fresh flux container to collect
more. Do not attempt to fill the joint without flux on the rod as this will result in a "porous
bead". (Full of gas bubbles and oxide deposits)
NOTE: It must always be kept in mind that the filler-rod must be melted primarily by the
heat in the base-metal, NOT by the torch flame. Deposit filler all along the bead/joint
area until the end is reached in a similar manner to conventional "fusion welding".

STEP 5 -FLUX AND OXIDE REMOVAL (RESIDUAL)
The surplus flux used in braze-welding will, upon cooling, become very hard and "brittle".
Chipping, and brushing using a wire-brush, is normally sufficient to remove the hardened
flux. Please note however that, when chipping, you must wear safety glasses to protect your
eyes from flying particles.
Quenching in warm to hot water, (to break away residual flux), may be performed
provided that the metal is below 400 degrees. As this is not always easy to judge, simply
allow the work to cool "naturally" for a few minutes, after completing the braze before
quenching. If a weld cools too rapidly then "stress fractures" will occur and the joint will be
severely weakened.
In order for brazed components to be "coated" (painted, galvanised or epoxy-coated etc.) it
is usual to "pickle" the work-piece by immersing it into a weak acid or aka line solution.
(Usually about 10% concentration) Pickling dissolves most residues and also "etches" the
metal so that consequent coatings will adhere.
NOTE:

The use of corrosive chemicals is hazardous. Do not handle or use unless
you have received training in this topic.

STEP 6 -INSPECTION OF BRAZE-WELDED BEAD
A completed braze-bead should show that the filler has adhered evenly to either side of the
joint. Braze-beads are relatively "thick and wide", if compared to "fusion welded beads".
A thin or narrow bead will not have the necessary bond-strength for most applications. Use a
larger nozzle size to increase the bead width.
Care must be taken to avoid "over-heating" the filler alloy. Overheating will result in
poisonous (toxic) fumes being released from the "zinc component" of the alloy. A sure
sign of overheating is a white residue surrounding the copper bead when the metal has
cooled.
NOW VIEW THE VIDEO DEMONSTRATIONS ON BRAZE-WELDING.
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SELF TEST NO. 3

INSTRUCTIONS
o Answer the questions below without reference to your notes or the video.
o Perform the suggested exercise (below questions).

QUESTION

YES

NO

1. What is the most usual type of filler used in a braze-weld
operation?
___________________________________________________
2. Why is it so important to clean the parent metal surfaces
before brazing?
___________________________________________________
3. Why is flux required in braze-welding?
___________________________________________________
4. What is the “working temperature” of flux used with
“bronze” (approximately)?
___________________________________________________
5. Why is it not recommended to quench the work directly
after brazing?
___________________________________________________
6. What is the “usual method” of removing residual flux?
___________________________________________________

PERFORM PRACTICAL EXERCISE (FOLLOWING PAGE).

Back to Table of Contents

31

PRACTICAL EXERCISE NO. 3
BRAZE-WELD

INSTRUCTIONS
o Your Mentor / Facilitator will allocate various metal work-pieces.
o Your task will be to produce "brazed joints", using these work-pieces.
o Have your Facilitator / Mentor check your completed work and sign off this
exercise.
NOTE:

For purposes of this programme you will be expected to braze only mildsteel, copper and/or brass. Other metal and alloys, such as aluminium, will be
covered in further modules.

Use the criterion checklist below to assess your work.

ITEM

CRITERIA

Preparation of work

1. Metal surfaces clean.
2. Work set up and supported correctly
on welding bench.
3. Personal protective equipment used.

Brazing Process

1. Metal plates pre-heated evenly.
2. Neutral flame set.
3. Metal heated to cherry-red before filler
introduced.
4. Flux collected on heated filler rod.
5. Filler introduced into red-hot zone, not
melted by the flame.
6. Molten filler seen to be bonding with
the parent metal.

Completed Work

1. Weld bead is consistent in width.
2. Bead is evenly laid (no holes or gaps).
3. The bead is adhering equally to both
plates.
4. Residual flux removed in safe manner.

Signed:

YES

NO

(Facilitator / Mentor) Date:
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ADDITIONAL INFORMATION
NOTES: (ADAPTED FROM THE JOHNSON MATTHEY WALL CHART SYSTEM)

Fluxes are not designed or intended for the primary removal of oxides, coatings, oil, grease,
dirt or other foreign materials from the parts to be brazed.
All parts must be subjected to appropriate mechanical or chemical cleaning operations
prior to brazing.
In making a braze, the flux is often needed to combine with, remove or dissolve those
unwanted residual compounds or products of the brazing operation which would
otherwise impair filler metal flow.
Oxides are the principal source of surface contamination. The dissolution and removal of
oxides during brazing are the most common functions of a flux. So as not to impair metal
flow, the flux must also be fluid and displaced readily by the molten brazing filler metal.
Fluxes are normally selected on the basis of two main criteria:
1. The melting range of the brazing alloy -both solidus and liquidus should fall well
within the quoted working range of the flux.
2. The parent metals to be jointed -some alloys, such as aluminium bronze, require
special fluxes. Copper, brass and mild steel are all effectively cleaned by all JM fluxes.

WORK SHOP PRACTICES
Frequently, powdered flux is mixed with water or alcohol to make a paste. The powder
may also be used in the dry form and sprinkled onto the joint, although adherence in
this form isn't good when the joint is cold.
Dry powdered flux may be applied to the heated end of a filler metal rod by dipping the rod
into the flux container and applying it to preheated surfaces prior to brazing.
Paste is the most commonly used form for applying brazing flux. Paste is typically applied
by brushing onto the base metals. It can be applied with good adherence to a joint and filler
metal before brazing.
Flux residue generally is removed to avoid corrosion from remaining active chemicals. The
residue obtained from a flux, particularly when considerable oxide removal has occurred,
is a form of glass. Less formation of glass makes for easier flux residue removal.
Removing flux from properly cleaned, brazed parts can usually be accomplished by washing
in hot water accompanied by light brushing.
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Preferably a rinse should be done shortly after the brazing operation and before the flux has
had time to solidify.
Following the rinse, thorough drying is recommended.
For residues that are difficult to remove or surfaces that are subject to staining, special
practices are required such as using proprietary compounds available for this purpose.

SAFETY PRACTICES
o Avoid exposure to fume with good ventilation or local extraction. If a risk of
inhalation exists then personal respiratory protection should be worn.
o The use of barrier creams may prevent skin irritation. If necessary the use of safety
glasses should be considered. Wash hands and clean fingernails before eating.

PERSONAL PROTECTION
Respiratory: the main hazard with this product occurs in its use. On heating the flux will fume
slightly, and with overheating the fumes will increase.
The fumes produced sometimes include hydrogen fluoride and boron tri-fluoride, which
can cause irritation of the nasal passages, eyes and throat.
If fumes cannot be controlled by extraction, then an approved respirator should be used to
prevent inhalation.
Skin and ingestion: Flux is generally harmful by ingestion and is irritating to the eyes.
Contact with skin may cause moderate irritation.
First aid measures:
Respiratory: Remove from exposure to fresh air. In acute cases apply artificial
respiration. Summon first-aid help if necessary.
Ingestion: Rinse mouth with water and give patient water of milk to drink. Do not induce
vomiting. Summon medical help.
Eyes: Irrigate with water or isotonic saline for up to 20 minutes. Seek medical aid if there is
any hint of eye damage.
Skin: Remove any contaminated clothing and wash skin with soap and water. Seek medical
attention if sores develop.
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EASY-FLO® ALLOYS
(SILVER BASED)

WORK SHOP PRACTICES
These brazing alloys are mainly used for joining most ferrous and non-ferrous metals, except
aluminium and magnesium.
The addition of Zinc lowers the melting temperature of the "Ag-Cu binary alloys" and helps
wet iron, cobalt and nickel.
Cadmium is also effective in lowering the brazing temperature of these alloys and assists
in wetting a variety of base metals.
Note:

Cadmium oxide present in brazing fume is poisonous, and precautions have
to be taken.

Because of the low melting temperatures, Easy-flo and Easy-flo 2, should not generally be
used with relatively high-melting brazing fluxes based on borax or boric acid.
For the best results, use should be made of the JM® flux appropriate to the parent metal
being joined, namely Easy-flo Flux in most cases.

APPLICATIONS SUITABLE (For Brazing)
1. Where a minimum brazing temperature is desirable, in order to preserve the
properties of the parent metal, to increase the speed of brazing and to eliminate or, to
limit 'finishing' operations.
2. Where joints have a close and regular joint gap. (Alloys with short melting ranges
are not suitable for bridging large gaps or for building up large fillets).
3. Furnace brazing , or any other work where the rate of heating is slow and would
cause 'liquation' in an alloy having a wide melting range.
4. Delicate work in which small, neat joints are required.

SAFETY AND HEALTH
Short exposures to high levels of cadmium oxide can lead to pulmonary oedema and may be
fatal. Prolonged or repeated over exposure to cadmium oxide fume is reported as causing
renal damage.
There is a symptom-less latent period and any person thought to have been over- exposed
to cadmium oxide fume should be kept under observation for 48 hours.
Metal fume fever can be caused by exposure to excessive fumes of copper oxides, with
flu-like symptoms, which often appear after a latent period of up to 10 hours.
Symptoms normally disappear after 24 hours with rest.
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In the event of inhalation of the metal fumes, the person should be removed from
further exposure and moved into fresh air. If symptoms persist, medical attention
should be sought.

PERSONAL PROTECTION
Respiratory: -For welding, burning, grinding, cutting and other related operations,
local dust and fume extraction should be provided. If fumes or dust cannot be
controlled by extraction, then an approved respirator should be used to prevent
inhalation
Skin and ingestion: Gloves and barrier cream may be necessary to prevent skin
sensitisation and dermatitis. Consumption of food should be conducted away from
the work area. Hands should be washed regularly, since Cadmium can be absorbed
through ingestion.
Eyes: The appropriate approved safety glasses or goggles should be wom .

FIRST AID MEASURES
Respiratory: Remove from exposure to fresh air. In acute cases apply artificial respiration
and summon medical aid.
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