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INTRODUCTION

The original study into the use of refractory metals for the production of jewellery and hollowware was done by James Ward at the royal College of Art as part of his submission for his Master Degree. This work was originally published by the Goldsmiths’ Company as Project Report No. 34/1.
This update report contains additional material on the technique of colouring largely from the experience of Dust Jewellery Ltd., who have large scale production techniques for refractory metals resulting in an exciting range of commercial jewellery sold throughout the word.

This report is concerned primarily with the three refractory metals normally available to the jeweller or silversmith, these are titanium, titanium and niobium (columbium in North America) and are metallic elements falling in group IV and V of the periodic table.
A fourth refractory metal, zirconium, which has properties falling between titanium and niobium has more recently become available, although not covered in the work reported it is evident that the general techniques discussed are probably also applicable to zirconium.

The metals are typified by very high melting points and outstanding resistance to corrosion by virtue of tenacious oxide films which form naturally on their surface.

When the oxide films fall within certain limits of thickness the phenomena of optical interference produces an apparent colouring on the metal which can be controlled in hue and intensity by the development of film of specific thickness and quality.
In this report methods of producing this colouring phenomena by means of anodic oxidation of the metals are described and information given on practical aspects of the working of the metals for the production of jewellery.

Part 1: COLOURING OF THE METALS

1. THE THEORY OF OPTICAL INTERFERENCE

The theory of the production of apparent colour by optical interference is rather complex, but a simplified version for those interested is set out in Appendix No. 1.

For the successful use of the phenomena it is sufficient to understand that the colouring is caused by the presence of very thin transparent oxide film on the metal surface, and that the colour seen is dependent on the thickness of this film.
The colour are purely an optical effect, no dyes or pigments are involved, they are controlled solely by the thickness of the film and anything which affects the thickness of the film will affect the colour seen. Consequently, the colours are permanent and unchanging as long as the film remains intact, but dirt or grease film will degrade or change the colour and reduction of the film thickness by abrasion or scratching or other means may permanently change or lower the intensity of the colour.
2. THE DEVELOPMENT OF OXIDE FILM

(a) Thermal Oxidation
Titanium, niobium and tantalum naturally oxidise in air at room temperature, but the oxide films formed are too thin to provide interference colouring. The simplest method of thickening the film is to heat the meal in air. With titanium, eating to 500ºC thickens the film sufficiently to produce the first interference colour, and as temperature is increased the colour change through the sequence grey-pale amber-dark amber-brown-purple-maroon-navy blue-sky blue-rich purple-bottle green-lime green-peacock blue to grey brown at 890ºC. Colours continue to appear as the film thickens but at higher temperatures they are degraded and of little interest.
Little or no success in colouring by heating was achieved with tantalum or niobium, though this possibility has not been exhaustively examined. Experiments might be conducted with oxygen enriched flames.

(b) Anodic Oxidation

When an electric current is passed through a conducting aqueous liquid via electrodes immersed in the liquid, oxygen is formed at the positive electrode known as the anode. The oxygen formed is very active and will readily combine with suitable metallic anodes to form oxide of the metal. This occurs in the case of titanium, niobium and tantalum electrodes, and the oxide produced is in the form of a tight bonded film on the metal surface.

The oxides of these metals act as electrical insulators. When a certain thickness of film is formed, the passage of the current is halted and the oxidising reaction stops. At this point a uniform thickness of oxide is obtained over the whole immersed electrode surface.

The thickness of the oxide film acting as an insulator is dependent on the voltage across the electrodes. The higher the voltage, the thicker the oxide film necessary, to stop the passage of current.

Thus, for a given voltage a uniform oxide film fixed thickness is obtained and for a given thickness of oxide film a fixed interference colour is obtained.

It so happens that the three metals considered here, the range of oxide film thicknesses for interference colouring are obtained in the voltage range 3 to 180. This range is broad enough to give easy control of precise voltage and is within a range which can be obtained with simple equipment working from the mains, even from dry batteries.
3. THE PREPARATION OF SURFACE FOR ANODIC OXIDATION
(a) Surface Finish

From a technical point of view the primary consideration is to select a surface finish which is both complimentary to, and in harmony with, the overall design concept. It is most important to understand that variations in the quality of the surface finish can completely change the apparent colour hue obtained. This is due to the varying nature of reflectivity from different textures. Although anodising conditions may be identical, ground, sand blasted or polished surface for example, may appear totally different.

The essence of colour quality on any type of manufactured sheet is dependent on the surface finish of the metal. First order colours can be produced easily on a surface which is simply abraded. It will be found that fine grade cabinet makers flour paper (glass paper) works best. Other abrasives may contaminate the surface particularly when the surface is not to be etched. To produce the highest intensity second order colours on titanium the surface of the metal must be etched.

However, it must be stressed that etching will not cure problems introduced by poor surface preparation. It is important to unify the surface quality before attempting to colour any of these three metals.

Finishing processes are similar to those used in traditional jewellery and silverware industry. Progressively finer abrasion using cloth or paper back papers will work but cleaner surface are produced using garnet or glass based abrasives.
Heavy cutting can be accomplished wet on a linisher, “Scotch-brite” mops and cloths work well particularly when used wet.

Further surface finishing by glass shot peening can be very advantageous, as can wet vapour blasting, both giving a soft lustrous finish. Glass shot appears to be most useful blasting media although pressures must be kept low to avoid breaking the spheres. Heavy cutting can be accomplished using abrasive grits, but care must be taken not to deform surface truth by stress-relief or to use any grit blasting media containing iron which has disastrous results.

Excellent pre-preparation can be done using barrels. For small operation plastic media with free and clean cutting compounds work well but ceramic media are to be preferred, however, and give considerably increased working life. A secondary colouring cycle using silica or glass impregnated media is desirable to high quality colouring. 
These considerations must be borne in mind at the design stage before anodising is commenced, and preliminary experiments with samples of different types of surfaces are desirable if close control over colour or colour matching of different textures is required.

(b) Cleaning

Once the required surface effect has been obtained the surface must be thoroughly cleaned and degreased before anodising.

The recommended procedure is to wash with hot water and detergent, such as ‘Teepol’, following by rinsing in distilled or de-ionised water. The surface is then swabbed with a solvent degreaser such as acetone or trichloroethylene, following normal precautions for materials. Normal industrial procedures such as ultrasoni9c cleaning, cathodic degreasing or vapour degreasing are also satisfactory. It is essential that the work is not touched with the hands after cleaning is completed. Finally rinse in de-ionised water.
4. ANODIC ANDODISING PROCEDURE

(a) Equipment

The main requirement is a power source with facilities for precise voltage variation between 0 and 150-180 volts. For immersion anodising a fully smoothed DC supply working from the mains supply is required. Suitable equipment is described in Appendix No. 2. For experimental purposes or small scales work a high tension dry battery is satisfactory. The life of these batteries will be relatively short with heavy use. They are also increasingly difficult to find.
For ‘brush’ anodising a mains powered DC supply or battery can be used, alternatively a much simpler AC supply from a mains powered variable transformer is also satisfactory and cheaper but the use of an isolating transformer is an essential safety precaution.

Immersion anodising is carried out in a tank containing the electrolyte and metallic cathode. The preferred tank materials are clear glass or ‘Perspex’, but any of the non-conducting materials normally used for plating baths are satisfactory. A metallic cathode is needed to connect to the negative side of the circuit and this can be titanium or stainless steel sheet, but platinised titanium mesh is recommended. The size and shape of the cathode is important, preferable it should be made from mesh and line all internal surface of the tank.
The relationship between the shape and distance between the anode and cathode alters the quality and effects produced during colouring. It is suggested that time spent on experiment would be worthwhile. High quality insulated leads are required to connect the cathode and work piece to the power source together with suitable clips or jigs to hold the work piece and make good electrical contact to it. If the work piece is to be completely immersed, titanium or platinum contacts should be used for this purpose, but where partial immersion is used heavy crocodile clips or similar connectors may be used to make contact above the electrolyte level.

Virtually any conducting aqueous will provide some measure of anodising, but the one found most satisfactory has been a solution of 10% by weight of the ammonium sulphate in tap water. A 5% solution of sulphuric acid is also satisfactory as is 15% orthophosphoric acid. In emergencies fresh ‘Coco-Cola’ or ‘Lucozade’ have been found to provide satisfactory electrolytes. All these electrolytes have excellent lives but eventually break down and if they become discoloured or the action becomes slow they should be discarded.

(b) Immersion Anodising
With power switched off the work piece should be firmly connected to the positive side of the power supply, and immersed in the electrolyte either completely or to cover the area required to be coloured. It is essential that a sound electrical connection is made between the work and the positive lead to obtain an even anodised film.

The distance between the work piece and the cathode should be as wide as reasonably possible, as uniformity and clarity of colour control is better with wide anode/cathode spacing.

The power is then turned on. When a variable voltage supply is available the voltage should be increased progressively, keeping an eye on the ammeter to avoid blowing a fuse, the faster the growth of the anodic film the  better the colour produced. If no ammeter is available the voltage should not be increased unit evolution of gas bubbles on the work surface stops, otherwise but a large stock of spare fuses.

The time taken for each anodising step to be completed will depend on the area being treated and the nature of the electrolyte and the anode/cathode spacing.

When large concave or convex objet sae being treated, to obtain even results it is essential to maintain as wide anode/cathode spacing as possible and preferably to agitate the electrolyte. For maximum control it may be desirable to use shaped stainless steel cathodes with forms reciprocal to the work piece to obtain a fairly uniform anode/cathode spacing. If anodising is required inside a tubular or hollow form, for example, a rod cathode suspended centrally inside the form would be desirable.

Just as the relationship between the shape and distance between the anode and cathode is important so is the speed of anodising to achieve startling results. It is essential to get the job out fast, the method employed at ‘Dust’ being christened the ‘J.B.W.’. as an example the machine might be set at 80 V and experiment made to see how many effects can be achieved without altering the voltage. It should be possible to get twenty different qualities of colour.

For best results anodising should always be done immediately after cleaning or etching.

When it is clear that the current rating of the anodising unit would not be exceeded by immediate application of the voltage needed for a given colour this technique can be applied. With titanium, in particular, brighter colours appear to be obtained by this technique and for repetition production anodising the procedure is more convenient.

(c) Brush Anodising
This technique enables small areas of local anodising to be carried out on refractory metals or the filling in pre-prepared outlines with colour. The method also allows the production of variable colour effects and free artworking. It is also very suitable for the colouring of small components which are sometime difficult to make connections to for immersion treatment.
The process has the advantage that alternating current is effective, though clearer sharper colours are obtained by direct current, again a matter for experiment.

The cathode in this process is formed by a metal-ferruled wooden-handled paint brush which is connected to the negative side of the power source by an insulated lead, which is soldered or otherwise firmly connected to the ferrule of the brush. Devices on the lines of commercial local electroplating applicators could also be used if adequately insulated to cope with the relatively high voltage used. With the paint brush technique also it is advisable to well insulate the metal ferrule of the brush. Felt tip loaded with suitable electrolyte have also proved successful.

The work is connected to the current source as in immersion anodising, or may be held in contact with a titanium or stainless steel anode plate by a non-conducting toothpick or something similar. Another method of obtaining the positive contact is to use a pointed piece of titanium wire enclosed in an insulating sleeve. This point can be held against a convenient part of the work piece with one hand while the brush is manipulated with the other. It is essential that anode plates or points are regularly cleaned of the oxide films developed, or poor contact and irregular anodising will be obtained.

To anodise, the required voltage is set and the tip of the brush dipped in the electrolyte. The ammonium sulphate electrolyte is more satisfactory for this technique than the acid electrolytes as it gives less corrosion of the metal parts of the brush and less fuming than the acid electrolytes. Some workers prefer to use the ammoniacal veterinary antiseptic known as ‘Eusol’ as an electrolyte for brush anodising as it appears to give more even wetting of the work surface. This material should be kept in stoppered bottle as the fumes are very corrosive to steel tools.

The brush is then applied to the metal to the surface and colour immediately appears. If a uniform colour is required the area to be treated is painted over with redipping of the brush, if necessary, until the action stops and the colour corresponding to the voltage is obtained.

When variable colour effects are required, these are obtained by varying the speed of movement of the brush over the surface, and varying the voltage. With experience, the technique can be used like water colour painting. At the highest level very beautiful individual effects can be obtained while at the other end of the scale routine ‘painting by numbers’ can be carried out.

Another method of local anodising is to fit a titanium wire in a length of glass tube drawn down to a fairly fine point at one end. The wire should end just above the opening of the tube and the upper end should be vented to allow gases to escape.
This electrode should be connected to the power supply the same as the paint brush and the work connected to the positive side of the supply, and immersed in a shallow bath of electrolyte. The shielding of the negative electrode by the glass tube will limit the area where colouring takes place and the glass electrode can be used like a brush.

It must again be stressed that rubber gloves should be worn for all these processes, particularly when the work and electrodes are being directly handled while the power is switched on.

When producing piece with different coloured areas the most satisfactory system is to apply the highest order colour, i.e that produced by the highest voltage first. Other areas may be protected by coating with a stop off lacquer, or allowed to become coloured and the colouring removed from unwanted areas by abrasion, polishing, engraving etc. When the next colour is produced at a lower voltage, the first colour will be completely unaffected and so on down the scale.
Methods of masking vary widely and can vary from partial masking using textured rubber gloves to the use of adhesive tapes and stop-offs. Plastic insulation tape, “Fablon”, nail-polish and lipstick all work well as do “Lacomit” and “Turco” stop-offs, etc.
Another method of producing lower order colours from higher orders is to thin oxide film by etching until the required colour is obtained or all colour removed and the surface readied for re-anodising.

In all these operations in which the colouring is carried out wet, experience is required to judge the true dry colour of the surface as wet colour is different, due to the optical effects produced by the water film.

After anodising by any of the above methods, the work should be rinsed in clean water and dried by rinsing with ethanol, patting with absorbent cloth or paper, or the use of heated sawdust.

(d) Colour Obtainable
Figure 1 indicates the range of colour obtainable by anodic oxidation. The test pieces were all treated separately but the colour change smoothly through the range and intermediate colours are obtained at intermediate voltages.

The titanium specimens in Figure 1 were etched with nitric acid, lactic acid, hydrofluoric acid mixture before anodising which results in much brighter and more intense colours than are obtained on the unetched metal. The most intense colour obtainable is turquoise and most brilliant is purple.

5. VACUUM ETCHED TITANIUM
The heating of titanium in a very high vacuum causes an etching of the surface exposing the grain structure similar to the effect produced in more familiar metals by acid etching. If the metal has been given carefully controlled mechanical working before the etching is carried out, a very late grain size may be formed in which individual grains are visible to the unaided eye.

In a heterogenous metal crystal structure the various crystal grains are randomly orientated and different facets of them are exposed at the etched metal surface. Anodising of a surface of this type results in variations of colour on each grain according to its orientation, and the visual is one of opalescence with a dominant hue depending on anodising conditions.

It is not possible to carry out vacuum etching with normal equipment but some titanium suppliers have marked etched and precoloured titanium sheet which has been for watch band parts, and production jewellery. The colouring of this material may be modified by the individual worker, and interesting effects obtained, but the material can look garish if not sympathetically treated.

Some experiments have been carried out in which titanium was annealed at 850ºC in an Argon filled electric furnace. A thermally etched grain structure resulted though with a non-uniform grain size. The surface obtained in these experiments was nevertheless particularly suitable for anodising giving enhanced quality of colour. Further work along these lines could be very rewarding.
Part 2: THE WORKING OF TITANIUM, NIOBIUM & TANTALUM

1. THE PROPERTIES OF THE METALS

The melting points of the three metals are 1670, 2468 and 2980ºC for titanium, niobium and tantalum respectively, and the specific gravities in the same order are 4.5, 8.6 and 16.6. For comparison the specific gravity of aluminium is 2.7, sterling silver 10.3 and 18 carat yellow 15.7.
The annealed hardness of the three metals is variable depending upon the purity and method of manufacture, but is generally similar. The rates of work hardening, however, are very different, that of titanium being so much more rapid than the other two that in any working operation it appears much harder.

In the plain polished condition titanium is the whitest of the three metals, tantalum has the lowest reflectivity and a decidedly bluish colour.

2. INDUSTRIAL APPICATIONS OF THE METALS
(a) Titanium

The most important applications of titanium arise from its low specific gravity, high strength and heat resistance and are in high performance aircraft and gas turbine engines. It has also found valuable application for replacement hit joints for arthritis sufferers.
Titanium coated with a very thin layer of platinum is widely used as a permanent electrode in various electroplating processes. Titanium dioxide is a very important white pigment used in paint and paper making and many other applications. Titanium carbide and titanium nitride bonded with other metals find important application as sintered ‘hard metals’ for tools.

(b) Niobium

Niobium has excellent resistance to attack by molten metals and this, together with high strength at elevated temperature and low neutron capture cross section, has led to its use in nuclear. An older application has been as a minor addition to specialised alloy steels and potential future application of great important might be in super-conducting alloys for power transmission.

(c) Tantalum

Tantalum has exceptional resistance to chemical corrosion and for this reason is used in chemical and food processing plants. It has also been found to be one of the most suitable metals for surgical implants in the body, as it is completely inert to body fluids and is more compatible with human tissue than other metals. Similar to titanium, tantalum in the form of its carbide is used in sintered ‘hard metals’ for cutting tools and other applications.

An important electronic application of anodised tantalum foil is in capacitors. Tantalum has also found application in specialised electronic valves as indeed have titanium and niobium to some extent. These metals together with some of the other refractory metals, notable molybdenum, are sometimes collectively known as ‘valve metals’.

3. WORKING THE METALS

(a) Machining

Titanium may be turned using slow cutting speeds but heavy cuts. Carbide tools should be used and lubrication with oil/paraffin mixtures. The top and side rakes of the tools should be increased for clearance of swarf. In drilling again slow speeds and heavy cutting feed should be used with lubrication by normal machining lubricants.

Niobium can be machined to a fine finish similar to that obtainable on stainless steel. Increased rake angles with an optimum turning speed of 20ft per minute and copious lubrication with soluble oil emulsions are recommended.

Niobium can be drilled similarly to stainless steel, and should again be well lubricated with soluble oil emulsion.

Tantalum has not been found to machine particularly well. Paradoxically, despite apparent low hardness it takes the edge off most cutting tools and rapidly wears out files. The optimum side rake angle suggested for turning is 28 – 30ºC.

For drilling similar slow speed and heavy feeds are used for titanium are recommended with emulsion lubrication. It is desirable to complete hole drilling in a single operation and an increase in rake angle for swarf clearance is desirable.
(b) Forging

Titanium is very unresponsive to cold forging but tantalum can easily be hammer formed. Its raising and forgoing properties could be compared to that of nickel silver, though it does not seem to need annealing. A single disc has been raised into a cylinder without the need for any heat treatment.

Niobium though possibly harder than tantalum is very responsive to cold forgoing. Soft flowing shapes, together with exquisite repoussed and chased articles are now process of production.

There has been no necessity to hot work either niobium or tantalum, but titanium can with advantage be heated to 250 to 300ºC for bending, the full forgoing temperature recommended in industrial literature is high at about 1050ºC and this operation has not successfully been carried out on small jewellery-sized pieces.
(c) Rolling

The rolling of titanium in jewellery-scale rolling mills is not recommended. Little reduction is obtainable and damage to rolls is very likely.

Niobium and tantalum, however, roll easily and no annealing is required, for example, in rolling 3mm sheet or bar to thin foil. Tantalum does not appear to harden at all in this operation and niobium very little.

(d) Wire Drawing

Titanium should only be drawn through carbide or diamond dies, and the operation is not recommended for normal workshop use. Both niobium and tantalum may be brawn by normal precious metal equipment. In both cases in industrial practice to anodise the metal to a coloured finish before drawing. The exact colour is not important, the thicker oxide film apparently provides better retention of drawing lubricants than the very thin natural oxide film on ‘bare’ metal.
(e) Spinning 

Both niobium and tantalum can be spun using a speed of 300ft/min. and well polished steel tools. Long sweeping strokes of the tools are most effective and no annealing is necessary.  

(f) Annealing

All three metals oxidise heavily when heated to their very high annealing temperatures, and may be embrittled by the absorption of nitrogen and oxygen from air. These metals are so reactive to oxygen at high temperatures that normal controlled annealing atmospheres are not adequate and only high vacuum annealing is satisfactory.

Thus annealing is not possible under any normal workshop conditions. This is only an important factor with titanium as the work hardening rates of niobium and tantalum are so low that all normal forming operations can be carried out without annealing.

(g) Chasing and Repousse

Titanium, even in its softest condition, is too hard to be considered for these operations. Niobium, however, appears to be virtually to be the perfect material for shaping by these techniques. It moves on the pitch similarly to part worked silver, but unlike silver once a certain hardness is reached it does not cack with further work.
This means that forming can be completed in single operation without removal from the pitch and although experience to date has been limited, very effective chasing and repousse forming of niobium has been carried out.

Tantalum is equally easy to shape, but is perhaps too soft to produce the crispness of form obtained with niobium.
(h) Casting
None of these metals can be cast by any process available to the jeweller or silversmith. The tantalum and niobium used in this work were not in fact melted and cast in the production of the basic metal form but processed from powders by vacuum sintering. Recently some very effective sculptural work has been cast in titanium, using highly sophisticated technology though working rom the sculptors wax model.
(i) Joining

None of the metals can be soldered or brazed by the normal workshop techniques due to the persistence and refractory nature of the oxide films on the surfaces. Welding is possible by the sophisticated TIG and electron beam process and it is said that tantalum and niobium can be spot welded under water. These techniques, however, are not yet applicable to jewellery making and it must be concluded that at present mechanical or adhesive bonding are the methods of joining these materials either to themselves or other materials.
A useful technique which has been successfully used with titanium, and may or may not be applicable to niobium and tantalum, is the direct casting of gold or silver on to the metal. Only a mechanical bond is obtained and so the form of the refractory metal has to be such that mechanical locking is assured. After removal of the oxides produced during the casting process, the refractory metal can be coloured by thermal oxidation. For the use of anodic oxidation it would be necessary to ensure that the precious metal parts are not immersed in the electrolyte, or are completely protected from contact with the electrolyte by a sound stop-off coating.

(j) Engraving

For titanium high-speed steel gravers should be used and the metal handled similarly to stainless steel. The metal engraves quite well but being hard considerable pressure is needed and tools require frequent sharpening.
It is again preferable to use high-speed tools for the engraving of niobium which cuts rather like soft mild steel with a sharp crisp line.

Tantalum engraves well with normal steel graves as used for silver. The metal is soft to cut but gives clean, well-defined lines.

(k) Burr Texturing
Titanium can be cut with all conventional steel, or stone burrs, a multitude of finishes, and therefore tones of colours, are easily obtained. Speed for efficient cutting vary considerably according to the type of texture required.

Both niobium and tantalum can be textured by rotating burrs as long as high speed of order of 12,000 rpm or more are used with tungsten carbide or tungsten vanadium high speed steel burrs.

Preliminary experiments with tantalum and diamond tools have been discouraging. Despite its relative softness, this high density metal quickly destroys diamond tools but further work with particular attention to effective cutting lubrication would be worthwhile.

(l) Shot Blasting
Glass bead blasting produces a semi-matt surface on all three metals, which oxidises well and provides a good contract to bright polished or cut surface.

Grit blasting of the two softer metals is inclined to give embedment of grit particles in the surface and careful cleaning may be required before even anodising can be obtained.

(m)  Etching and Chemical polishing

WARNING: All etches which are effective on these metals contain hydrofluoric acid. This acid is extremely dangerous. Rubber gloves must always be worn and the work carried out in a properly ventilated fume chamber with a chemical scrubber fitted to the exhaust flue.

Neutralising materials must always be kept available, any splashes on the skin washed off immediately and if concentrated or strong solution of hydrofluoric acid contact the skin, medical advice should be obtained as soon as possible. It is essential to have Sandos Calcium Tablets available and hydrofluoric acid burn jelly before contemplating the use of these materials. A self irrigating eye bath is also essential. Operatives should wear protective clothing including rubber gloves, rubber aprons and protective footwear and when handling acids should always wear eye protection.

Oxidising acids must never be stored with inflammable liquids, if in doubt consult your local Health and Safety Executive.

Titanium is the easiest of the three materials to etch. However, the metal is available in a number of grades which do not necessary respond in the same manner. Titanium made for Aero-Space applications in the U.S.A. which is also available in the U.K. will etch in concentrated hydrochloric acid. The commercially pure (C.P.) grade more common in Britain requires a strong etchant, a suitable mixture being, by volume 50% nitric acid, 10% hydrofluoric acid (40%) in 40% distilled water.

A bright finish on titanium can be obtained by the addition of lactic to the bath but this considerably shortens the working life of the solution.

A suitable bright etch is 50% nitric, 10% hydrofluoric and 40% lactic acid.

Niobium metal may be etched using a solution of 20% concentrated sulphuric acid and 10% (40%) hydrofluoric acid in water used hot. The use of this mixture is highly dangerous and is not recommended for use except under the most scrupulous laboratory conditions.  

For chemical polishing acetic acid is added and a possible solution is 25% glacial acetic acid 62.5% concentrated sulphuric acid and 12.5% hydrofluoric acid (40%). This mixture is extremely dangerous and it is not recommended that its use is attempted.

Tantalum is so chemically inert that it can only be etched using the most hideous mixtures of boiling concentrated acids. The etching of tantalum should not be attempted.  

The use of ammonium bifluoride instead of hydrofluoric acid is possible in some etch formulations. This is a powdered chemical which, when dissolved in water, forms a solution containing hydrofluoric acid. In practice it has been found that a 2 mol solution, i.e. 12grams per 100ml water can be used in place of the hydrofluoric acid in the above titanium etches.
Ammonium bifluoride is just as dangerous as hydrofluoric acid except that it is more easily transported. When handling this chemical the same stringent safety procedures must be taken with the addition of a dust mask to avoid the chance of inhaling any powder.

Nitric hydrofluoric lactic acid mixture decompose fairly rapidly and may not be re-usable after 24 hours particularly if kept stoppered, as is obviously desirable.

If the hydrofluoric lactic acid component of the etch, which is stable, is made separately and mixed with nitric acid to produce a working quantity of etch when required, this is more convenient than handling concentrated hydrofluoric acid or ammonium bifluoride each time etch is required.

There is some evidence that the presence of foreign metallic ions on the surface of titanium and possible niobium enhance the colour obtained in anodising.

Some workers give the metal a brief immersion in nitric acid in which a piece of copper has been dissolved, immediately before anodising. Other have used a weak solution of copper sulphate in nitric acid in the same way.

Experiments with the deposition of traces of ions of high reflectivity metals such as silver, copper or aluminium by immersion in dilute solution of their salts before anodising or even heat tinting might be rewarding.

Niobium which has anodised unevenly or too high an order of colour can be stripped back by the nitric hydrofluoric acid etch, though the quality of colouring obtained is not enhanced.

(n) Polishing

Stainless steel polishing compounds such as ‘Carbrax’ on felt mops are satisfactory to polish titanium with final finishing with ‘Hyfin’.

Niobium is easier to polish than titanium and ‘Carbrax’ following by Tripoli and rouge will give a mirror finish.

Tantalum is not very responsive to polishing on rotating mops due to an orange peel effect which always seems to appear. Hammer polishing, where applicable, however, can produce an excellent finish.
MISCELLANEOUS

Though experience has been very limited it has been found perfectly feasible to raise grains and set precious stones in tantalum and niobium. Clearly stone setting is not feasible in titanium.

An interesting point us that the colour produced for a given anodising voltage is different for each metal. Thus contrasting effects can be produced by using the metals together and anodising at a single voltage.

DISCUSSION

Titanium has been in use for jewellery and decorative objects of various kinds for about 16 years, and the blue, purple and gold colour obtainable on it have become quite familiar in ‘avant garde’ British jewellery. The hardness and working limitations of the metal have, however, generally restricted designs to relatively simple forms in sheet metal, wire and machined shapes. This is now changing and considerable developments in metal forming have been accomplished.

Some workers have successfully overcome the forming restriction by concentrating on contrasts of colour and texture to produce exciting jewellery albeit with a rather two-dimensional feeling.

The low weight of titanium has enable quite large pieces to be made as wearable jewellery and on the other hand the high strength has enable thin sections to be used without fear of distortion in use.  
