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ANNEALING & SOLDERING 

Annealing and soldering are some of the most important and commonly used techniques to be 

mastered by the practicing jeweler. 

The health and safety aspects of performing annealing and soldering will be firmly emphasized. 

All workshop projects requiring annealing and soldering will be examined during and after completion. 

 

Annealing 

The process of heating metal to relieve internal stresses that would otherwise create tension, cracking 

and/or breakage.   Annealing temperatures differ for each metal or alloy but are typically around two-

thirds of the melting temperature. 

It is a clever practice to anneal metals before they are being joined together using the soldering 

procedure.   That way the pieces will stay aligned during the soldering process, not being affected by 

applied work stresses developed during fabrication. 

Gold and silver wire, especially thin metal wire should be coiled closely together to avoid melting 

during the heating process. 

Soldering precious metals: 

There are two forms of solder that a jeweller may encounter during their career. They are Hard solders 

and Soft solders. In this section, we will clarify their application and the difference between Hard and 

Soft solders. 

Hard solders: 

When the term hard soldering is used, most of us think about the grade of solder i.e. Extra Hard, Hard, 

Medium, Easy and Extra Easy. 

In fact, Hard solders are precious metal alloys that have a melting point below that of the metals to be 

joined. Soldering itself is a core skill requirement for any jeweller, but of course, as we have all found 

out, solder joins can quickly turn a great day into a forgettable one. 

The key to successful soldering is a clean, close fitting joint. Solder is not designed to fill a gap. The 

strength of a joint is gained from its closeness. The joint should be closed as tightly as possible with no 

visible gap.  

Once we have succeeded in achieving a close-fitting joint, we look at the flux. Hard solders melt and 

flow at or above red heat temperatures. Most precious alloys contain base metals such as copper or 

zinc and can form oxides on the metal surface when heated, which in turn can affect or prevent the 
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flow of solder. Fluxes form an oxygen free environment on the metal surface allowing the solder to 

freely flow. 

When heating the joint, we need to consider the type of flame being used. High temperature flames 

such as Reducing, Neutral and Oxidising are produced by mixing gas with air or oxygen. Reducing and 

Neutral flames are best suited to most solder joins, but care must be taken when employing an 

Oxidising flame. Oxidising flames will heat a joint quickly but can be difficult to control and can result 

in overheating of the joint, resulting in sweating of the metal or bubbling of the solder. In both cases, 

the integrity of the joint will have been compromised. When a metal is heated to temperatures 

approaching its melting point, the crystals of which it is made move apart opening up microscopic 

spaces. 

The idea behind soldering is to introduce an alloy that is fluid just at the point of maximum expansion.  

This alloy, called solder, flows into the spaces of the expended metal. 

Soft solders: 

Soft solders are typically comprised of lead and tin, and have only one colour, which is grey. They are 

most commonly used in the repair of costume jewellery and therefore have a very low melting point. 

Soft solder melting points are generally in the range of 180-450° degrees Celsius. 

Where Hard solders are designed to penetrate the parent metal and thus provide a very strong joint, 

Soft solders have no penetration to the parent metal resulting in very week joints that provide 

minimal strength. Repairing or Jobbing jewellers are more likely to encounter Soft solder particularly 

in older jewellery that has been previously repaired. 

Classic examples of this are precious antique brooches or pendants. The piece may have previously 

been in a workshop with a repairer that has hesitated to heat the piece and compromised by using a 

Soft solder. Caution must be taken when dealing with jewellery that has had Soft solder repairs as the 

lead in the solder can attack the precious metal if overheated and even worse if undetected, result in 

the piece falling apart. 

Whether using Hard or Soft solders, the process of flowing solder through the joint is referred to as 

Capillary action (also called capillarity). Capillary action is the process in which liquid tends to be 

drawn into narrow gaps, even against gravity. In scientific terms, capillary action occurs when 

intermolecular action between the liquid (melted solder) and solid (Gold Alloy) is greater than the 

cohesive molecules in the liquid. 

 Safety 

Always assume that the soldering area is still hot from previous use, so be careful not to touch without 

testing first.  

Technical Data 

Annealing is the process used to soften (normalize) metal before and after it is being worked. Metals, 

especially metal alloys, need annealing regularly during shaping, (Forging, rolling, drawing etc.) in 

order to keep it malleable and soft. 

Each metal has its own annealing and melting temperature. 
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Typical Annealing Temperatures 

Alloy 
Annealing temperature 

°C 
Colour 

Melting  

Temp C 

Pure gold, 24 carat 200  Black heat 1080 

21 - 22 carat  550 - 600 Very dark red  

18 carat  550 - 600  Very dark red  

14 carat  650  Dark red  

White gold (palladium)  650 - 700  Dull cherry red  

White gold (nickel)  700 - 750  Cherry red  

Sterling silver  600 - 650  Dark red 890 

Platinum 600 - 1000 Deep cherry red 1755 

Copper 600 - 700  1080 

 

Pure or fine metals can be annealed un-protected 

To protect an already polished surface, a coating of boric acid is suggested to stop staining the metal.  

A kiln can be used to achieve exact annealing temperatures but using a torch with a reduced flame is 

the usual process for gold and silversmiths.   

QUENCHING: 

• Pure/Fine metals can be quenched straight away 

• Sterling silver –allow to cool to black colour or place on a steel bench block, then quench in 

water for approximately 3 seconds. 

• Before annealing silver, coating the piece with flux will sometimes help prevent fire scale.  

(Questionable?) 

• Quench the sterling from black heat. Otherwise, the slow cooling will age-harden the metal. 

• Yellow gold alloys (9ct, 14ct, and 18ct) allow to cool to black then quench in water. 

• Palladium white gold requires quenching quickly as soon as the metal drops to black hot   

• White gold alloys containing nickel do not like to be quenched quite so hot so allow these 

metals to air cool longer than other allows before quenching 

• No alloys should be quenched while red hot as this will shock the metal and possibly cause 

cracking 
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PICKLING: 

When you have annealed or soldered the jewellery metal you are using (unless you are using platinum 

that does not oxidize) you will need to clean it in a solution to remove the oxides from the surface. 

This is called pickling. 

Traditionally 10% sulphuric acid to 90% water was used as a pickle. This could be used cold or warm in 

a ventilated area. It is not recommended for the jewellery industry today. However, if you ever did use 

it, ensure that the acid is added to water and not water to acid.  

In a modern workshop there is no need to use sulphuric acid to pickle your work. Safety pickle (sodium 

bisulphate) is a much safer and environmentally friendly option. You can purchase this chemical in dry 

granules form from a pool chemical supplier.  

One spoonful per litre is enough to remove oxides and hardened flux from your jewellery. Safety pickle 

works best at around 60°C and should take between 5 to and minuets before it’s completely clean. 

Rules to follow: 

• Wear eye protection. Gloves and an apron are also recommended. 

• Do not quench hot metal in the pickle. Hot acids give off evil mists and vapours and can burn 
your skin and eyes if splashed. 

• Use a ventilation system or place the pickle pot in front of a window exhaust fan. Cover the 
pickle when not in use. 

• Try and use sodium bisulphate pickle as opposed to sulphuric acid as its safer to use and store 
than liquid sulphuric acid. Other alternatives are: potassium aluminium sulphate, household 
vinegar and salt and lemon and salt. 

• Have some sort of eye bath nearby in case of splashes. 
 

SOLDERING: 

Soldering is the process used to join two or more metal components together, using a lower melting 
point alloy called solder. 

Tools and Material requirement: 

• Silver – Solder (Hard, Medium, Easy or Easy flow) or paste 

• Gold – (Lower carat gold’s (2c-) in matching colours) H/M/E and EF & Paste 

• Platinum – (H/M/E) 

• Torch 

• Soldering stick (Titanium) 

• Flux 

• Soldering Pad, Brick, Charcoal block, S/Steel Mesh  

• Binding wire 

• Steel tweezers (insulated if holding piece to be soldered) 

• Third hand tweezers 

• Brass or copper tweezers or tongs (for pickling only) 

• Pickle bath (cleaning agent) 

• Tinted goggles (for platinum) 

• Container of water 
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• Soldering Conditions: 
• Match joins perfectly 

• Keep metal clean 

• Use flux 

• Use only enough solder for the job – add if not enough 

• Use correct heat 

• Use steam vents when soldering hollow objects 
 

Silver Solder 

It is the amounts of zinc in the silver solder that controls it’s melting point.   When making solder, care 

must be taken to avoid overheating, because the zinc will go off in a vapour, changing the proportion 

of the alloys.   This evaporation is also a factor when soldering. Each time a solder becomes fluid its 

melting point will burn out the zinc and can leave a pitted seam. 

Name of Solder: Ag Cu Zn Cd Melting Point 

IT 80 16 4  809 C 

Hard 76 21 3  773 C 

Medium 70 20 10  747 C 

Easy 60 25 15  711 C 

‘Easy Flo’ 50 15 15 20 681 C 

 

Gold Solder 

Gold solders are available for different carats, colours and melting points.  When buying gold solder, 

specify the metal you are joining. 

18karat yellow solder refers not to the quality of the alloy, but means it is used on 18K gold. In fact, 

solder will be a karat or two lower than the metal it will join.  Any gold of a lower karat can be used as 

solder, 9K will be a solder for 14K; 14K will solder 18K etc. 

Soldering Methods 

With experience the Jeweller develops a personal approach to soldering.   Below is a summary of the 

most commonly used methods: 

Pallion or chip soldering: The most commonly used method. 

Sweat soldering: Keeps solder out of sight when doing overlay. 

Probe soldering: Especially good when the configuration of work makes placement of solder difficult.  

Good for production work. 

Stick soldering:  For larger object, long soldering joints. 
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Mud/Paste soldering:  Good for delicate work such as filigree. 

 

Solder Paste 

Solder Paste is an alternative to using wire or sheet solder. Solder Paste is excellent for soldering fine 

chains and intricate jewellery items where precise application of solder is critical. Tiny amounts of 

solder can be placed to repair the most delicate links and maintain the flexibility of the chain. 

Solder Paste is essentially powdered metal solder suspended in a liquid binding agent and flux. The 

flux and binding agent is added to act as a temporary adhesive, holding the components until the 

soldering process melts the solder and makes a stronger physical joint. The alloy and the flux are pre-

mixed in paste form and are generally packaged in convenient syringe tubes - the alloy does not settle 

to the bottom of the tube 

The solder particles in the paste must fuse together when heated to form a single solder mass. The 

paste must have enough fluxing action to enable that solder mass to wet the surfaces to be joined. 

This combination of properties is produced by controlling, firstly the materials from which it is made 

and secondly the flow properties of the paste. 

Solder Paste is generally supplied in three different grades, Hard, Medium and Easy (which melts at 

the lowest temperature). 

 

Rules for quality soldering 

Good fitting joints: Neater and strong joints will result from care taken during aligning of the 

components to be jointed.   Remove burrs left along the edge of metal after 

sawing or filing as this can stop the solder flowing  

 

Work clean: Joints and solder must be completely free of dirt and grease etc.                            

Flux: Flux is required to keep the soldering joints free of atmospheric interference, 

and to sometimes help to reduce fire stains on silver alloys. 

Avoid distortion          If the metal has been work hardened it is best to anneal the metal before 

attempting to solder sections together to avoid the distortion or movement 

that can occur when the metal “relaxes’   

  

Heat application: All components to be soldered must reach soldering temperature 

simultaneously.   Be aware of ‘heat sinks’ such as tweezers, binding wire and 

also variation in metal thickness on the joining components.   Due to silver’s 

high conductivity, it is necessary to heat the whole article when soldering as 

the heat will “runaway” to cooler areas.   This is critical when soldering a small 

component onto a larger area of silver. 

Solder flow: Because solder flows toward heat it is often possible to position the torch in 

such a way that the solder is drawn through a seam. Avoid directing the flame 

at the joint; let the heat travel through the pieces to be joined. 

 

Solder size: Use only enough solder to fill the seam; do not settle for whatever piece of 

solder is handy.   It takes a lot less time to cut a new piece of solder than to 

remove excess solder later. 
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Steam vents: When soldering hollow objects, provide an escape for steam and gases 

trapped inside (drill a small hole).   These will expand rapidly under heat and 

unless vented can cause the piece to explode. 

 

Solder flow inhibitors:  To stop a prior solder join melting and possibly opening up use a solution 

painted onto the join to stop it melting.  Suggested is “white out” solution or a 

paste made of rouge and water 

 

Air cool to black heat (under 500 degrees Celsius) and quench in pickle or water.  

DO NOT quench articles that contain gemstones- allow to air cool then pickle. 

 

Quenching in the pickle (acid) has its dangers: 

Hot metal quenched into the pickle produces acid fumes which are harmful: skin, eyes and airways 

damage (nasal, throat, lungs) 

Quenching also causes acid spray, i.e., skin and eye damage; holes in clothing. 

The safer practise is to quench in water then remove oxides and flux residue in a hot pickle. 

Hard Solders    Soft Solders 

Contain precious metals  Lead and tin combinations, no precious metal 

Used to manufacture and repair Used to manufacture and repair COSTUME 

jewellery    jewellery 

Melt at high temperatures,   Melt at low temperatures 

at or above red heat 

Match the colour of the metal  Only one colour : Grey to be joined 

Produce a strong join strength Produce minimal strength in the join. 

Different grades:     Soft Solder 

Hard     Medium     Easy 

 

 

Hard solders penetration:    

 

Soft Solder Penetration: 
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The higher the melting point of  Soft solder has a low melting point 

 the solder the greater penetration  therefore only an adhesive bond will 

 into the metals surface   form between the two metals. 

Solder Joins and Conduction. 

A. Joins 

1.Butt: 

 * most common soldering join 

 * minimum surface contact 

 * ends of join brought squarely together 

* not recommended where pressure will be brought to bear on the join 

   e.g. replacing a claw. 

 

 

2. Angle Join 

 * provides a greater surface area than a butt join . 

 * ideal for replacing a claw  

 

 

 

3. Interlocking join: 

 * provides maximum surface contact. 

 * One side of join fits into the other 

 * used where maximum strength is required,  

   e.g. resizes on nickel white gold shanks, wire claw clusters 

 

 

Resized up interlocking joins also help 
to hold the piece to be added during 
soldering  

B. Capillary Attraction. 

An attraction between a solid and a liquid. 
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1. a clean close-fitting join is essential. 

2. flux is applied 

3. molten solder will flow along the join with the heat source. 

4. this ensures minimum solder usage and clean up. 

5. joins with gaps: 

solder will flow along close-fitting section and stop at gap. 

Problems occur by attempting to fill gap: 

* uses excess solder 

* solder tends to flow back into close fitting section 

* pinholes in solder join 

* solder will be dragged out during polishing 

* join is noticeable 

* weakness in join 

C. Conduction: 

Heat transfer through solids by atom movement. 

1. an equal amount of heat is required on both sides of the join to allow even solder flow. 

2. where both sides of the join are the same size, the flame is directed evenly over the join. 

3. Where one side of the join is larger the flame is directed  to the larger side, the heat conducts from 
the larger side to the smaller side. The object is for both sides to be of equal temperature. Just before 
the melting point of the solder is reached direct the flame evenly over the join. 

Excess heat on smaller pieces may result in sweating the metal. 

Flames 

When annealing, soldering or melting: the fuel (gas) source must be combined with air or oxygen to 
obtain a higher temperature.  
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A. Types of flames: 

Reducing:   More gas than air or oxygen, soft blue flame – yellow at the tip. 

 

 

torch 

 

 

 

Neutral:     Equal amounts of gas and air or oxygen, soft flame- no yellow at tip. 

 

 

 

 

 

Oxidising:  More air or oxygen than gas pointed blue flame – not recommended for heating precious 
metal. This flame will oxidise alloys containing copper (cupric oxide) 

 

 

 

 

                                                   Intense blue very high temperature 

What other ways can we join metals together? 

Laser Welding 

Laser Beam Welding (LBW) is a modern welding process; it is a high energy beam process that 

continues to expand into modern industries and new applications because of its many advantages like 

deep weld penetration and minimizing heat inputs. The turn by the manufacturers to automate the 

welding processes has also caused to the expansion in using high technology like the use of laser and 

computers to improve the product quality through more accurate control of welding processes. 

 

How it works: 

The focal spot is targeted on the workpiece surface which will be welded. At the surface the large 

concentration of light energy is converted into thermal energy. The surface of the workpiece starts 

melting and progresses through it by surface conductance. For welding, the beam energy is 

maintained below the vaporization temperature of the workpiece material, because hole drilling or 
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cutting vaporization is required. 

Because the penetration of the workpiece depends on conducted heat, the thickness of the materials 

to be welded is generally less than 0.80 inches if the ideal metallurgical and physical characteristics of 

laser welding must be realized. 

Concentrated energy produces melting and coalescence before a heat affected zone is developed and 

when the materials to be welded are thick and have high thermal conductivity like for example 

aluminium the advantage of having a minimal heat affected zone can be seriously affected. 

Because the heat source in this type of welding process is the energy of light, the work piece will be 

welded purely which means the fatigue strength of the welded joint will be excellent. 

Energy distribution across the beam is generated by the design of the resonant cavity, including mirror 

curvatures or shape and their relative arrangement. This combination results in photon oscillation 

within the cavity specific output beam energy patterns, these patterns are called Transverse Energy 

Modes (TEMs). 

The function of all laser beam welding processes whether they be gas (carbon dioxide, helium, neo, 

etc.) or other lasing sources is based on the principles of the excitation of atoms using intense light, 

electricity, electron beams, chemicals, etc., and the spontaneous and stimulated release of photons. 

The role of focusing lenses in this process is important because it concentrates the beam energy into a 

focal spot as small as 0.005 in diameters or even less.  

Fusing 

It is possible to connect pieces of metal by heating them to their melting point and allowing the 

puddled surfaces to commingle. This technique has limited control but can create rich textures and 

unusual effects. 

Eutectic bonding 

The term eutectic defines the specific proportion of metals in an alloy that have the lowest melting 

point. This alloy is characterized by changing directly from a liquid to a solid without passing through a 

slushy state. Technically, this is a meeting of the solidus and liquidus temperatures.  

When two pieces of metal are coated with their eutectic alloy, they will easily join as soon as heated to 

the eutectic temperature. This is the principle used in bonding granulation.  

Diffusion 

Diffusion is related to fusion and refers to the fact that electrons are constantly wandering (technically, 

delocalized). If two pieces of metal are clamped together and left at room temperature, this electron 

exchange will eventually bond the two pieces together, especially if the relative valences and crystal 

structures make the metals compatible. The movement of electrons, and consequently the rate of 

diffusion, is accelerated by heat. Diffusion is best between similar metals. Alloys of gold, silver, and 

copper are commonly used. Parts to be joined must be clean and perfectly fitted together. When 

sheets are being fused together to make a laminate (for mokumé-gane, for instance) the pieces are 

piled up and clamped securely between sheets of steel. No flux is used. As the stack heats, the metal 

panels expand more than the steel around them, which has the effect of squeezing the laminates 

together. This tightness prohibits oxygen from entering and allows diffusion (electron migration) 

between the sheets. Heat the prepared stack in a kiln or forge until it glows red and shows a liquid film 

(sweating). Pull the pile out, tap it with a hammer, and quickly remove the steel jacket. If it is still red, 
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the billet can be forged to ensure that all areas are in contact and diffused. When done properly, 

diffusion results in a bond that is as strong as the parent metals. Subsequent forming and soldering 

won’t disturb it. 

Fusion 

When two pieces of metal are heated above their melting point, molecule from the two pieces 

intermingles. When the material cools and solidifies, the interface between the two units has 

disappeared. Another name for this, usually referring to ferrous metal, is welding. Metals that are 

good heat conductors (like silver and gold) fuse well, but because it is difficult to localize the heat, 

fusion is not practical for precise work. An important exception is platinum, for which fusing is a 

common fabrication technique. Where control is not essential, fusing can be used to generate 

interesting forms and textures. Coat pieces of metal with flux and heat them to their melting point, 

taking care to heat all units simultaneously. If you are not careful, the metal will draw up into a lump, 

but if the torch is lightly played over the surface, it can guide the mirror-like flashes of fusion. Precious 

metals will respond better to this than copper, brass, or nickel silver. 

 


