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Brazing is a metal joining process utilizing a filler metal that melts above 
840ºF and below the melting point of the base metals. The filler metal is 
drawn into the joint by capillary attraction producing a sound, leak-proof 
connection. The above sentences briefly describe a process that is an 
integral part of manufacturing, installing, and repairing refrigeration and air 
conditioning systems. This handbook is designed to assist the serviceman 
or contractor in making sound brazed joints and selecting the correct filler 
metal for each application.

FOREWORD

          WARNING: 
Protect yourself and others. Read and understand this information. 
Brazing and soldering alloys and fluxes may produce FUMES AND GASES 
hazardous to your health.

• Before use, read and understand the manufacturer’s instructions,   
  Material Safety Data Sheets (MSDS) and your employer’s safety practices.
• Keep your head out of the fumes.
• Use enough ventilation or exhaust at the flame to keep fumes and       
  gases from your breathing zone and the general area.
• For maximum safety, be certified for and wear a respirator at all   
  times when welding or brazing.
• Wear correct eye, ear, and body protection.
• See American National Standard Z49.1, Safety in Welding,    
  Cutting and Allied Processes, published by the American    
  Welding Society, 8669 NW 36 Street, #130, Miami, Florida   
  33166-6672;OSHA Safety and Health Standards, 29 CFR    
  1910, available from the U.S. Government Printing Office,    
  Superintendent of Documents, P.O. Box 371954, 
  Pittsburgh, PA 15250-7954.
• Material Safety Data Sheets are available for all Harris products.   
  Each MSDS contains detailed safety and health information about   
  possible hazards associated with use of each particular product.   
  MSDS are available from your employer or by contacting 
  The Harris Products Group, 4501 Quality Place, Mason, OH 45040-1971  
  

STATEMENT OF LIABILITY :
This information and recommendations contained in this publication have 
been compiled from sources believed to be reliable and to represent the best 
information on the subject at the time of issue.  No warranty, guarantee, 
or representation is made by The Harris Products Group as to the absolute 
correctness or sufficiency of any representation contained in this and 
other publications.  The Harris Products Group assumes no responsibility 
in connection herewith, nor can it be assumed that all acceptable safety 
measures are contained in this (and other) publications, or that other or 
additional measures may not be required under particular or exceptional 
conditions or circumstances.
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CUT TUBE SQUARE. 
Cut to the exact length required using a tube cutter or hacksaw. If a hacksaw 
is used, a sawing fixture should also be used to ensure square cuts. Remove 
all inside and outside burrs with a reamer, file, or other sharp edge  scraping 
tool. If tube is out of round, it should be brought to true dimension and 
roundness with a sizing tool.

CLEAN TUBE END AND INSIDE 
SURFACE OF FITTING. 
The joint surface areas should be clean and free from oil, grease, or oxide 
contamination. Surfaces may  be properly cleaned for brazing by brushing 
with a stainless steel wire brush or by a stiff rubbing with emery cloth or 
Scotch-Brite®*. If oil or grease is present, clean with a commercial solvent. 
Remember to remove small foreign particles such as emery dust, by wiping 
with a clean dry cloth. The joint surface MUST be clean.

SELECT BRAZING ALLOY. 
Refer to the Filler Metal Selection Chart on page 32 for recommended 
brazing filler metal selection. When brazing copper to copper, alloys such as 
Dynaflow®, Stay-Silv®  5, or Stay-Silv®  15 are recommended. These alloys 
contain phosphorus and are self-fluxing on copper. When brazing brass or 
bronze fittings, Stay-Silv®  white flux is required with these alloys. When 
brazing iron, steel or other ferrous metals, select one of the Safety-Silv®  
brazing alloys such as Safety-Silv®  45 or Safety-Silv®  56 with Stay-Silv® 

white flux. Do not use phosphorus bearing alloys as the joint may be brittle.
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Flux at brazing 
temperature

Water boils out

FLUX BEHAVIOR DURING HEATING CYCLE

Flux bubbles

Flux begins to melt

Flux clear and quiet

50°F

1000°F

1500°F

2000°F1225°F (663°C)
Safety-Silv® 45 
Solidus

1190°F (643°C)
Dyna�ow®, 
Stay-Silv® 15 
Solidus

• 7 oz.
• 1/4 lb.
• 1/2 lb.
• 1 lb.

•  5 lb. 
•  25 lb.
•  60 lb.

STAY-SILV® WHITE BRAZING 
FLUX IS AVAILABLE IN THESE
CONTAINERS:

FLUX APPLICATION
White flux is used for most applications. Black flux is helpful for long heating 
cycles or localized heating with induction. It is also used when brazing 
stainless steel. 

Flux goes through physical changes during heating and turns clear at 
about 1100°F / 593°C. This is an indication that parts are close to brazing 
temperature. Stir flux before use. If flux is dried out add a small amount of 
water until flux reaches a paste consistency.

PERFORM PROPER FLUXING 
Proper fluxing is important because the flux absorbs oxides formed during 
heating and promotes the flow of the filler metal. When using Stay-Silv® 

white flux, apply it only with a brush. To prevent excess flux residue inside 
refrigeration lines, apply a thin layer of flux to only the male tubing. Insert 
the tube into the fitting and, if possible, rotate the fitting once or twice on the 
tube to ensure uniform coverage.

*Scotch-Brite is a trademark of 3M
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Cone: White

No Acetylene Feather
Neutral Flame

Cone:  Sharp White
Cone Two-tenths Shorter

Cone

 No Acetylene Feather

Acetylene Feather: Intense 
Aqua With Feathery Edge

Oxidizing Flame
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AIR/ACETYLENE USING INFERNO® SWIRL COMBUSTION TIPS 
Brazing with air/acetylene torches is a popular alternative to oxygen mixed 
fuel gas. The fuel gas flow aspirates air into a mixer that contains an 
internal vane that spins the gas to improve combustion and increase flame 
temperature.

If the tank has a delivery pressure gauge, set the delivery pressure to 14-15 
PSI. If the tank has only a contents gauge delivery pressure is preset at 
the factory. Open the regulator adjusting screw all the way by turning it 
clockwise until it bottoms. 

OPEN THE TORCH VALVE
Opening the torch valve about 3/4 of a turn will provide sufficient fuel gas 
delivery. Do not try to meter pressure (reducing the flame) by using the torch 
handle valve. If a higher or lower flame is required, change to a different 
tip size.

OTHER FUEL GASES
Alternate fuel gases such as propane, propylene, and natural gas can be 
mixed with oxygen for brazing. Refer to the Harris equipment catalog or 
website for equipment and setting information.

HEATING THE JOINT AREA.
Always keep the torch in short motion.

When a flux is used, it will be a good temperature guide. Continue 
heating the tube until the flux passes the “bubbling” temperature 
range and becomes quiet, completely fluid and transparent.  Watch 
for this on both sides of the joint to ensure even heating.

Direct the flame from the tube to the fitting.  When alloy is applied it 
should quickly melt and flow into the joint.

Sweep the flame back and forth along the axis of the assembled joint, 
tube, and fitting to reach and then maintain uniform heat in both parts.

Start heating the tube, by first applying the flame to a point just 
adjacent to the fitting. Work the flame alternately around the tube 
and fitting until both reach brazing temperature, before applying the 
brazing filler metal.

Apply Alloy

Heating

1

2

Draw Down

Apply Alloy

Heating

1

2

Draw Down

Apply Alloy

Heating

1

2

Draw Down

1
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APPLY THE BRAZING ALLOY.
Feed the alloy into the joint between the tube and the fitting. Only after 
the base metals have been heated to brazing temperatures should the filler 
metal be added. At that time, the flame may be deflected momentarily to 
the tip of the filler metal to begin the melting process. Always keep both the 
fitting and the tube heated by playing the flame over the tube and the fitting 
as the brazing alloy is drawn into the joint. The brazing alloy will diffuse 
into and completely fill all joint areas. Do not continue feeding brazing alloy 
after the joint area is filled. Excess fillets do not improve the quality or the 
dependability of the braze and are a waste of material. 

WHEN MAKING VERTICAL ALLOY-UP JOINTS 
Heat the tube first, then apply heat to the fitting. It is important to bring both 
pieces up to temperature evenly. Keep the flame directed toward the fitting. 
If the tube is overheated, the brazing alloy may run down the tube rather 
than into the joint.

CLEAN AFTER BRAZING 
All flux residue must be removed for inspection and pressure testing. 
Immediately after the brazing alloy has set, quench or apply a wet brush 
or swab to crack and remove the flux residue. Use emery cloth or a wire 
brush, if necessary. 

TO SEPARATE A BRAZING JOINT   
First clean the joint thoroughly, then flux the visible alloy and all adjacent 
areas of the tube and fitting. Next, heat the joint (tube and fitting) evenly, 
especially the flange of the fitting. When brazing alloy becomes fluid 
throughout the joint area, the tube can be easily removed. To re-braze the 
joint, clean the tube end and the inside of the fitting and proceed as directed 
to make a new brazed joint.
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NITROGEN PURGE 
During braze heating, oxide scale forms on the inside of the copper tube. 
These dark scales flake off and are carried by refrigerant and can potentially 
clog small orifices. 

For HVAC/R and medical gas installations flow nitrogen through the tube 
during brazing to prevent internal scale formation.  Use a low flow rate to 
avoid excess pressure inside the tube.  A small hole at the line end will allow 
the nitrogen to escape.

BRAZING PIPE AND TUBING

george
Rectangle
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The outside of the joint is hot, but the inside 
is not up to brazing temperature.
Review correct heating procedure on page 
9. Remember to heat the tube first to 
conduct heat inside the fitting.

There is a flux breakdown due to excessive 
heat. If overheated, the flux can become 
saturated with oxides and the brazing alloy 
won’t flow. Try using a softer flame and/or 
applying a heavier coating of flux. On thick 
sections where heating is prolonged, or on 
stainless steel, Harris Stay-Silv® black flux 
is recommended. 

Review heating techniques:
(a) The base metals are not up to brazing 
temperature, and the alloy has  been melted 
by the torch flame. 
(b) The joint has been overheated and the 
flux is no longer active.

Base metals have not been properly cleaned.

Make sure fitting is up to temperature and 
the flame is directed towards the fitting.

When brazing dissimilar metals, 
the different coefficient of 
expansion may put the filler metal 
in tension just below the liquidus 
temperature during cooling. This 
sometimes occurs in a copper-to-
steel joint. The copper expands 
and contracts at a greater rate 
than the steel. Brazing alloys are 
stronger in compression, so a 
steel-to-copper assembly would 
help alleviate the problem.

Brazing steel (or other ferrous 
metals) with an alloy containing 
phosphorus can lead to formation 
of a brittle phosphide, that is 
prone to cracking. Braze ferrous 
metals with non-phosphorus 
content alloys.

Excessive joint clearance can 
lead to filler metals cracking 
under stress or vibration. Make 
sure clearances are held to .002” 
- .006” at brazing temperature 
(depending on alloy).

Too rapid quenching can 
sometimes cause cracking. Let 
joint cool more before washing off 
flux residue. 

90% of “leakers” in service 
are due to incorrect brazing 
techniques. The most common 
causes are:

Improper or uneven heating 
of joint. The effect of this is 
inadequate or incomplete 
penetration by the filler metal. 
Review proper techniques on 
page 9.

Overheating, causing volatilization of 
elements (phosphorus, zinc, etc.).

Incorrect torch flame adjustment, 
leading to deposition of carbon or 
causing  excessive oxidation.
    
    
  
Pinhole leaks in copper-to-copper 
joints brazed with phosphorus/
copper or phosphorus/copper/silver 
filler metals can often be repaired 
using Blockade®. If care is taken, you 
can re-braze the joint with Blockade® 
without re-melting the original braze. 
Clean thoroughly before brazing. 

We DO NOT recommend brazing 
over joints previously soldered with 
tin/lead solders. The low melting 
elements in the solder may prevent 
proper filler metal / base metal 
alloying.

Pinhole leaks in joints brazed with 
either the phosphorus or high silver 
alloys can usually be repaired with 
Stay-Brite® solder. Clean the joint 
thoroughly before soldering and use 
Stay-Clean® liquid flux.
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The art of brazing is relatively simple, and the rules of common sense apply. 
Occasionally, however, things do go wrong, and the brazing process fails to 
do its job satisfactorily. The check lists below have been prepared to assist 
in such instances. They are intended to provide practical tips on what to 
what to look for and steps to correct them.

IF BRAZING ALLOY DOES NOT FLOW INTO THE 
JOINT, EVEN THOUGH IT MELTS AND FORMS A 
FILLET

IF BRAZING ALLOY DOES NOT WET SURFACES BUT 
BALLS UP INSTEAD OF RUNNING INTO THE JOINT

1

IF BRAZING ALLOY FLOWS AWAY FROM INSTEAD 
OF INTO THE JOINT

IF THE FILLER METAL CRACKS AFTER 
IT SOLIDIFIES

IF JOINT LEAKS IN SERVICE

REPAIR OF LEAKS
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