General safety

Important note: It is impossible to give a finite set of rules that will assure your safety in pyrotechnics. Described below you will find just some of the most important and common ('everyday') things that should always be kept in mind when handling pyrotechnic compositions and chemicals. They apply to a wide variety of compositions. But every composition is different. Some must be rammed or pressed to work properly. Other will explode when rammed. Some must be wet with water, others may spontaneously ignite when wet. Some mixtures are relatively safe to use by themselves but are extremely sensitive when used together. (A number of well known 'incompatible' mixtures and chemicals are also listed below). The point is: remember and think about the rules below, they are important, but realise any such list is inevitably incomplete. Accidents happen even in places where every conceivable safety precaution is taken. I don't guarantee your safety if you follow the rules below (also read the disclaimer), but merely say it is wise to do so. It'll increase your safety.

General Safety Precautions

With that said, a list of some generally useful safety precautions in no particular order:

1. Never smoke when handling chemicals or compositions. 

2. Be sure you are familiar with all the properties of the compositions you work with. Thoroughly test new compositions for sensitivity, stability, compatibility with other mixtures etc, until you are absolutely sure that the mixture is ok to use in your application and method of construction. Find out as much as you can about other peoples experiences with a particular mixture. 

3. Use only non-sparking tools. Make your tools from either: wood, paper, aluminum, lead or brass. Other metals and materials may spark (especially steel will). 

4. Paper bags or wooden containers are good to use for storing mixed compositions. Store compositions dry and cool. Avoid plastics, glass and metal. Avoid storing compositions in general. Make as much as you will need in the near future and keep no more in stock than necessarry. 

5. Never have large amounts of composition near you. If you must use larger amounts of composition in multiple items, store the bulk of composition in a safe place and bring only small amounts to your working place. Finished items should also be brought to a safe place immediately. 

6. Prevent contamination of chemicals and mixtures. Have separate tools for every type of mixture (i.e. blackpowder-like mixtures, chlorates, perchlorates, etc) and clean them well with hot water and/or alcohol after use. It is no luxury either to have different sets of clothing for working with different mixtures. Wash them every time after use (dust collects in the clothing). If you have the possibility, have separate rooms or better yet: separate buildings for working with different types of mixtures/chemicals. 

7. Related to 6: Keep a clean working place. Fine dust easily spreads all over your working place. Keep chemicals in closed cabinets or in a separate building. Mixtures should not be kept in the working place anyway (see rules 4 and 5). 

8. Provide adeqate ventilation. This is especially important when working with volatile solvents or (poisonous, flammable) powdered chemicals. Not only can you get yourself poisoned, vapour or dust may also ignite. 

9. Be aware of static electricity buildup. Ground your working table. Monitor humidity and keep it above 60% as a rule of thumb. This can be especially important in winter when preparing for new years eve (on the Northern Hemishpere at least). Touch a grounded surface before you place things on it. Touch other people before handing over compositions or finished items. Wear cotton clothing, avoid synthetics (do not be tempted to wear fleece clothing if your working place is cold in winter). Simple things such as unscrewing a (plastic) bottle, unwinding some tape or even moving your arm may accumulate enough charge on your body to ignite a sensitive composition. The risk of static electricity is often underestimated or even completely ignored by beginning amateurs in pyro, while it is actually one of the major causes of accidents in both commercial/industrial and amateur pyro setups. 

10. Wear proper protective clothing. A face shield, dust mask, heavy gloves and a leather apron are minimal. Wear cotton clothing. Hearing protection can be good but it also makes it harder to hear other people's warnings. 

11. Provide safety screens between you and compositions, especially when pressing, ramming, sieving or in other ways causing frictions/shocks/pressure etc. 

12. Be prepared for the worst. Have a plan for when something should go wrong. Have a fire extinguisher and plenty of water ready. Think beforehand of what might happen and how you could minimize the damage. Know how to treat burns. Inform someone else so he/she can help in case of an accident. Have a fast escape route from your working place. 

13. Test a device well before showing it to an audiance. Inform any audiance well of what can happen. 

'Incompatibilities'

Some combinations of chemicals lead to especially sensitive or instable mixtures. There are many more of such incompatible chemicals/mixtures than listed here but these are some of the more commonly encountered types:

1. Chlorates and sulfur. Mixtures containing both are not only very sensitive to friction and shock but are also known to ignite spontaneously. The sulfur reacts with water and air to form trace amounts of sulfuric acid. This will react with chlorates to form chlorine dioxide, a yellow explosive gas that will ignite most flammable materials upon contact. Addition of small amounts of barium or strontium carbonate to chlorate based compositions is sometimes done to prevent buildup of acid, even in compositions without sulfur. Many older texts on pyrotechnics describe the use of chlorate/sulfur based compositions. Today, many alternative and much safer compositions are available and there is therefore no excuse for the use of chlorate/sulfur mixtures. This also means chlorate based compositions cannot be used in items that also contain sulfur based mixtures. For example: chlorate based stars cannot be primed with black powder. Nor can a H3 burst charge be used with black powder primed stars (or stars containing sulfur). 
2. Chlorates and ammonium compounds. Mixing these will allow ammonium chlorate to form in a double decomposition reaction that takes place in solution (moisture speeds up the process). Ammonium chlorate is a highly instable explosive compound. It decomposes over time producing chlorine dioxide gas (see chlorates and sulfur). Mixtures are likely to spontaneously ignite upon storage or may explode for no apparent reason. An exception seems to be the use of ammonium chloride and potassium chlorate in some smoke compositions. According to Shimizu this combination is safe due to the lower solubility of potassium chlorate (compared to ammonium chlorate). I personally would still use these mixtures with great caution (or avoid them) since it seems inevitable that small amounts of ammonium chlorate will still form. The lower solubility of potassium chlorate will make it the -main- product in a double decomposition reaction but not the -only- product. 
3. Chlorates with metals and nitrates. These mixtures show the same problems as chlorate/ammonium compound mixtures. The reason is that nitrates can be reduced by most metals used in pyrotechnics to ammonium. The reaction rate of this reaction is increased by presence of water. Over time (for example when drying) these mixtures may spontaneously ignite or become extremely sensitive. The fact that ammonium forms in a relatively slow reaction is treacherous. These mixtures are referred to as 'death mixes' by some. 
4. Aluminum and nitrates. Mixtures of these compounds sometimes spontaneously ignite, especially when moist. The mechanism is assumed to be as follows: the aluminum reduces some of the nitrate to ammonium, simultaneously forming hydroxyl ions. The aluminum then reacts with the alkaline products in a very exothermic reaction leading to spontaneous heating up of the mixture. This can eventually lead to ignition. The reactions take place in solution and therefore moisture speeds up the reaction. The process is usually accompanied by the smell of ammonia. Some types of aluminum are more problematic than others. Stearin coated aluminum is generally safer to use. The whole process can be prevented in many cases by the addition of 1 to 2 percent of boric acid. This will neutralise the alkaline products. It is best to bind such compositions with non-aquaous binder/solvent systems such as red gum/ethanol. Since aluminum/nitrate mixtures are extensively used it is important to be aware of this problem which is why the combination is listed here.
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HEMIKALIJE

Acetone, 2-propanon

Formula: C3H6O

Description: Acetone is a very volatile flammable liquid which is commonly used as a solvent. Nitrocellulose and red gum both dissolve very well in acetone. The solution of nitrocellulose is called nitrocellulose lacquer. Working with acetone can be difficult as compositions dry out very quickly. The evaporation of the acetone also causes cooling of composition, sometimes even below 0 deg C. This can result in condensation of water.

Hazards: Acetone is very volatile and flammable. Acetone vapour is heavier than air and spreads over the ground. Only work with acetone outside or in a well ventilated area.

Sources: Acetone can usually be bought at any paint store. Making acetone at home is very impractical and unneccessary as it can be bought just about anywhere at low cost.

Antimony trisulfide, realgar

Formula: Sb2S3

Description: Antimony trisulfide is a fuel which is sometimes used in glitter compositions, fountain compositions and flash powder. For the latter purpose however it is used less and less as it is very poisonous and can usually be replaced by sulfur or completely ommited. Flash compositions containing antimony trisulfide are very sensitive to friction, shock, and static electricity. 

Hazards: Antimony trisulfide should never be used in any mixture containing chlorates or spontaneous ignition may occur. Mixtures with antimony trisulfide and perchlorates are very sensitive to friction and shock and extra caution should be exercised when handling these mixtures. These mixtures are best avoided at all. Wear proper protective clothing including a dust mask, when working with compositions containing antimony trisulfide as it is very poisonous.

Sources: Antimony trisulfide is sometimes sold as a pigment in (art) paint stores, but is not used very commonly these days due to it's toxicity. It can be made at home by fusing a stochiometric mixture of antimony metal and sulfur. This is a very dangerous operation since extremely toxic fumes will form and it should only be performed with proper safety precautions taken.

Aluminum

Formula: Al

Description: Aluminum powder is one of the most often used fuels in pyrotechnics. A wide range of effects are possible with different types of powder, depending on particle size, shape and impurities. The finest powders (sometimes reffered to as 'dark' aluminum) such as the well known 'german dark' are used mainly in flash. Fine aluminum is also used in small percentages in some rocket fuels. Coarser powders are generally used for spark effects. Depending on the particles shapes, sizes and compositions many different effects such as flitter, glitter, firefly and snowball can be achieved.

Hazards: A dust mask should be worn when working with aluminum powder. Mixtures containing nitrates and aluminum powder are prone to heating up spontaneously and may ignite, especially when wet. This is caused by the reduction of the nitrate by aluminum, forming amides. These very basic compounds react further with aluminum powder in a very exothermic reaction that can cause spontaneous ignition. An ammonia smell is often produced in this reaction. Adding 1 to 2% boric acid to compositions containing nitrates and aluminum is common practice and will often prevent spontaneous ignition, although this should never be relied upon. It is advisable to avoid using water to bind such compositions. Red gum or shellac with alcohol or nitrocellulose lacquer are preffered binder and solvents.

Sources: Aluminum powder is sometimes sold as a pigment in (art) paint stores. This powder, known as 'aluminum bronze', is a flaky powder with a stearin coating. It is quite expensive but readily available and a source for small quantities. Aluminum grit and turnings can sometimes be found in machine shops were aluminum is processed. If fine enough this can be used as is, but it can also be ball milled into flakes. These flakes are quite reactive as they have a large surface area and can be used for several effects. Aluminum powder can also be made by sanding aluminum chunks. I've heard of people building a machine to do this, and the results can be quite good depending on the sanding paper used and the setup.

Ammonium chloride

Formula: NH4Cl

Description: Ammonium chloride is used in smoke compositions. When heated ammonium chloride decomposes to HCl and NH3, both gasses. These recombine in the air to give a smoke consisting of fine particles of ammonium chloride. 

Hazards: Ammonium chloride based smoke is irritating to the eyes and lungs as it contains some remaining HCl and NH3. Ammonium chloride itself is not poisonous and is even used in some type of candy. According to Shimizu ammonium chloride forms an exception to the rule that ammonium compounds should not be mixed with chlorates. Due to the lower solubility of potassium chlorate (compared to ammonium chlorate) no ammonium chlorate . I personally would still use these mixtures with great caution (or avoid them) since it seems inevitable that small amounts of ammonium chlorate will still form. The lower solubility of potassium chlorate will make it the -main- product in a double decomposition reaction but not the -only- product.

Sources: Ammonium chloride solution is easily prepared by neutralising ammonia solution with hydrochloric acid. It is advised to use a slight excess of ammonia. That is to make sure no remaining acid will be present in the ammonium chloride obtained on evaporation and crystallisation. Otherwise traces of the acid solution may be enclosed in the crystals, possibly leading to spontaneous ignition of mixtures made with it.

Ammonium nitrate

Formula: NH4 NO3

Description: Ammonium nitrate is an oxidiser. It is very hygroscopic and therefore not used very often in fireworks. It finds some use in composite propellants, but performance is not as good as perchlorate based propellants.

Hazards: Large masses of ammonium nitrate have been known to explode on some occasions although it is very unsensitive. Smaller quantities are less likely to detonate. The risk of detonation increases when ammonium nitrate is molten or mixed with fuels such as metal powders or organic substances. Ammonium nitrate should never be mixed with chlorates as this may result in ammonium chlorate formation, possibly leading to spontaneous ignition. Mixtures of metal powders and ammonium nitrate are likely to heat up spontaneously and may ignite, especially when moist. This can sometimes be prevented by the addition of small amounts of boric acid (1 to 2%), but in general it is better to avoid these mixtures at all. The hygroscopic nature of ammonium nitrates makes this problem worse (also see aluminum).

Sources: Ammonium nitrate solution can be prepared by neutralising ammonia solution with nitric acid. It is advised to use a slight excess of ammonia. That is to make sure no remaining acid will be present in the ammonium nitrate obtained on evaporation and crystallisation. Otherwise traces of the acid solution may be enclosed in the crystals, possibly leading to spontaneous ignition of mixtures made with it. Large quantities of ammonium nitrate can also be cheaply bought as fertilizer. In the Netherlands a fertilizer called 'kalkammonsalpeter' is sold. This consists of ammonium nitrate mixed with 'mergel', a mineral consisting mainly of calcium carbonate. The ammonium nitrate can be extracted with water.

Ammonium perchlorate

Formula: NH4ClO4

Description: Ammonium perchlorate is an oxidiser used in a large number of compositions. Very impressive color compositions can be made with it, but their burn rate is often too low for use in star compositions. For lancework and torches slow burning is an advantage and it is therefore commonly used in these items. Ammonium perchlorate is also used in composite rocket propellants, including the propellants used in the solid propellant boosters used for the space shuttle. The decomposition products of ammonium perchlorate are all gasses which is very beneficial for rocket propellants.

Hazards: Ammonium perchlorate can detonate by itself, although it is not very sensitive. Larger amounts and mixtures of ammonium perchlorate with metal powders or organic substances are more likely to detonate.

Sources: Ammonium perchlorate is usually bought from chemical suppliers or from dedicated pyro suppliers. Fine ammonium perchlorate powder is a regulated substance in most countries and cannot easily be bought or transported. Since it is such a usefull chemical in pyrotechnics it can be worth the time and effort to try to prepare it at home. This can be done by first making sodium perchlorate followed by double decomposition with ammonium chloride (other ammonium compounds can be used). The preparation of sodium perchlorate is most easily accomplished by electrolysis, the procedure for which is described elsewhere on this page.

Barium carbonate

Formula: BaCO3

Description: Barium carbonate is used both in white and green color compositions. When chlorine donors are present in a composition a green color will result from the formation of BaCl+ in the flame. Without chlorine donors BaO will be formed which emits white light. Barium carbonate is convenient to use in chlorate based color compositions since it will neutralize residual acid which reduces the risk of spontaneous ignition.

Hazards: Most barium compounds are very poisonous, especially the more soluble barium compounds such as the chlorate and nitrate. A dust mask should be worn at all times when working with barium carbonate.

Sources: Barium carbonate is cheaply available in kilogram quantities from ceramic supply shops. However, this material is often contaminated with small amounts of barium sulfide which are left over from the production process. Therefore, ceramics grade barium carbonate should never be used in mixtures incompatible with sulfides such as chlorate based mixtures. Barium carbonate is not easily made at home.

Barium chlorate

Formula: BaClO3

Description: Barium chlorate is used as an oxidiser in green color compositions. Fierce burning and high color purity compositions can be made with it.

Hazards: Barium chlorate is poisonous and a dust mask should be worn at all times when handling it. Barium chlorate should never be mixed with sulfur or sulfides or allowed to come in contact with mixtures containg sulfur or sulfides since this could result in spontaneous ignition. (Sulfur reacts with water and air to form small amounts of sulfuric acid. Sulfuric acid and chlorates react producing ClO2, an explosive gas which will ignite many organic materials on contact). Mixtures made with barium chlorate are often especially sensitive to friction and shock (even more so than potassium chlorate based mixtures) and should be handled with extra care.

Sources: Barium chlorate is usually purchased from chemical suppliers or from dedicated pyro suppliers. It can be made at home from sodium chlorate and barium chloride by double decomposition. Barium chlorate can also be prepared from barium chloride by electrolysis in a process analogous to that used for preparing sodium chlorate.

Barium nitrate

Formula: BaNO3

Description: Barium nitrate is used as an oxidiser in both white and green color compositions. When chlorine donors are present in a composition a green color will result from the formation of BaCl+ in the flame. Without chlorine donors BaO will be formed which emits bright white light. Barium nitrate is seldom used as the sole oxidiser in green color compositions. It is usually combined with perchlorates to improve the color and increase the burning rate.

Hazards: Barium nitrate is poisonous and a dust mask should be worn at all times when handling it. Mixtures of metal powders and barium nitrate sometimes heat up spontaneously and may ignite, especially when moist. This can usually be prevented by the addition of small amounts of boric acid (1 to 2%). It is advisable to avoid using water to bind such compositions. Red gum or shellac with alcohol or nitrocellulose lacquer are preffered binder and solvents (also see aluminum).

Sources: Barium nitrate may be prepared from nitric acid or ammonium nitrate and barium carbonate, which is available from ceramic supply stores.

Barium sulfate

Formula: BaSO4
Description: Barium sulfate is used as a high-temperature oxidiser in some metal based green color compositions.

Hazards: Unlike many other barium compounds, barium sulfate is not very poisonous due to its low solubility in water.

Sources: Barium sulfate may be precipitated from a solution of a soluble barium salt, such as barium nitrate or chloride, and a sulfate. Magnesium and potassium sulfate are both cheaply available as fertilizer and are convenient to use. The precipitated barium sulfate is a very fine powder which may be rinsed by repeated washings with hot water, settling and decanting. A final washing in the filter with acetone or ethanol will allow it to dry quickly. Do not use sulfuric acid to precipitate barium sulfate as this may result in the inclusion of acid droplets in the precipitated particles which can lead to spontaneous ignition of some mixtures.

Boric acid

Formula: H3BO3

Description: Boric acid is a white powder which is used as an additive to compositions containing aluminum or magnesium and a nitrate. The metal powder can reduce the nitrate to an amide which will react with the metal powder in a very exothermic reaction that can lead to spontaneous ignition of the composition. This process is often accompanied by a smell of ammonia and is most likely to occur with wet compositions. Addition of a few percent boric acid can often prevent this reaction from taking place since it neutralizes the very basic amides forming ammonia and a borate. It is also advisable to avoid using a water soluble binder for these composition. Using red gum or shellac with alcohol or nitrocellulose lacquer is safer.

Hazards: Boric acid is not particularly toxic or dangerous.

Sources: Boric acid is cheaply and in kilogram quantities available from ceramic supply shops. It is also sold in many drug stores at a somewhat higher price, but since only small quantities are needed the price is not really important.

Calcium sulphate

Formula: CaSO4.x H2O where x= 0, 2, 3 or 5

Description: The trihydrate is commonly known as plaster of paris. The dihydrate occurs as a mineral known as gypsum . Calcium sulphate can be used as a high temperature oxidiser in orange color compositions. Excellent strobe compositions can be made with it.

Hazards: Calcium sulphate is not particularly toxic or dangerous.

Sources: Plaster can be used as is in strobe compositions, but is better to remove the water which is easily accomplished by heating.

Charcoal

Formula: mixture with variable composition.

Description: Charcoal finds widespread use in pyrotechnics. Many types of charcoal exist, each with its own properties. Charcoal made from willow or grapevine is considered great for black powder, while paulownia and pine charcoal are commonly used for spark effects. The particle size and the process used to make the charcoal also play an important role in the quality of the charcoal for a specific purpose. Very fine charcoal floats in air and is therefore sometimes referred to as 'airfloat'.

Hazards: Fine charcoal dust is easily breathed in, and a dust mask should be worn when working with it. Freshly prepared charcoal can be pyrophoric even when not powdered and it must be allowed to stand for a day at least before it is used to prepare compositions with.

Sources: Barbeque briquettes are mixed with clay and are not suitable for making black powder. It will however produce long lasting sparks and can be used for that purpose. Charcoal is easily prepared at home, although it can be hard to get reproducible results. Simply placing some twigs (1 to 2 cm diameter) in a steel pan with a lid and heating it on a camping stove will make reasonable quality charcoal. It is important to make sure you don't heat for too long. Good charcoal looks like the original twigs but black with a brown tinge. It should not have split lengthwise and it should break easily with a sharp snap. The rings in the wood should still be visible. It is possible to tell when the charcoal is done by the smoke emerging from the pan. During 'pyrolysis', the process of heating the wood in the absence of oxygen, smoke will form. After some time less smoke will form and that's the time to stop heating. Leave the lid on the pan while the charcoal cools to exclude air. Freshly made charcoal can be pyrophoric and it is certainly a good idea to leave the cooled charcoal exposed to the air for a day or two before further processing.

Clay

Formula: Mixture with variable composition.

Description: Clay is used for nozzles and plugs. Of all the types of clay in use 'bentonite' and 'kaolin' are probably the most common. Ground kitty litter is a cheap alternative and works well.

Hazards: Clay is not particularly toxic or dangerous.

Sources: As mentioned, kitty litter can be a cheap source of clay. A cheap variety of non-clumping kitty litter can be ground (mortar and pestle or ball mill) and sieved to obtain a fine powder which is easily pressed into a compact pellet. Bentonite and kaolin clay are also available from ceramic supply stores.

Colophonium

Formula: Mixture of compounds, mainly abietic acid, C20O2H29
Description: Colophonium is an alcohol soluble resin which is sometimes used as a binder. It is not used very often since it is expensive and doesn't have much adhesion capacity.

Hazards: Colophonium is not particularly toxic or dangerous.

Sources: Artist paint stores often sell colophonium. It is also used by violin players, for the treatment of wooden floors and in the paper industry.

Copper acetoarsenite, Paris green

Formula: Cu3As2O3Cu(C2H3O2) 2

Description: Copper acetoarsenite is a green powder which is used in blue color compositions. It can produce great blues but it is also very poisonous and is used less and less for that reason. Today alternatives are available that will produce deep blues with less poisonous and cheaper compounds.

Hazards: Copper acetoarsenite is very poisonous and should only be handled wearing a dust mask. Smoke from compositions containing this compound should not be inhaled. It is best to avoid the use of this compound altogether as several safer alternatives have become available in the past decades.

Sources: Copper acetoarsenite was used in the past as a pigment known as emerald green, kings green or vienna green. Nowadays it is no longer used and it is very hard to find a paint supplier that still has it. It can be prepared at home but extreme caution must be excercised since arsenic compounds are very poisonous. The following preparation originates from Shimizu: "300 g of copper sulphate is dissolved in 1000 ml water, to which 250 g of glacial acetic acid is added; This solution is named 'A'. Then 200 g of sodium carbonate and 200 g of ersenious acid are added to 1000 ml water and boiled to form a solution, this is named 'B'. B is added little by little to A with constant stirring. Carbon dioxide gas is generated with active bubbling. When all the solution B has been added, it is boiled for about 30 minutes, when copper acetoarsenite appears gradually as green particles in the solution. The mother liquor is removed by vacuum filtration, and then green substance, copper acetoarsenite, is washed with water untill the sulphate ion dissapears; it is then dried. The yield is about 180 g."

Copper benzoate

Formula: Cu(C6H5COO)2

Description: Copper benzoate is a fuel which is used in some blue color compositions. It is not used very often as it is more expensive than most alternatives.

Hazards: Copper benzoate is poisonous and should be handled wearing a dust mask

Sources: Copper benzoate is easily prepared at home from a solution of sodium or potassium benzoate and a soluble copper salt. When these solutions are added together a green precipitate of copper benzoate forms. This is filtered, thoroughly rinsed with hot water and left to dry.

Copper chromite

Formula: CuCr2O4
Description: Copper chromite is employed as a catalyst is certain rocket propellants. It is typically added in 1 to 5% quantities to whistle or composite rocket fuels which increases the burn rate. A range of other catalysts exist which can often be substituted for copper chromite. Examples are Fe2O3 and MnO2

Hazards: Copper chromite is poisonous and should be handled wearing a dust mask.

Sources: Copper chromite is very hard to make or obtain other than from dedicated pyro chemicals suppliers.

Copper(II)oxide

Formula: CuO

Description: Copper oxide is a black powder employed in blue color compositions in combination with chlorine donors.

Hazards: Copper(II)oxide is poisonous and should be handled wearing a dust mask.

Sources: Copper(II)oxide is usually available from ceramic suppy stores. It is also easily prepared at home as follows: Add a solution of sodium or potassium hydroxide to a solution of a soluble copper(II) compound (copper sulfate for example). This will yield a blue gel-like precipitate of copper(II)hydroxide. Then bring to solution to a boil. The precipitate will turn black and powdery. Boil for a minute or two to complete the reaction and allow the black copper(II)oxide precipitate to settle. Then decant the liquid. Add some boiling hot water to the precipite, stir and allow to settle again. Then decant and repeat 5 more times. This will remove all soluble impurities from the copper(II)oxide. Then the precipitate is filtered and allowed to dry.

Dextrine

Formula: mixture of polysacharides

Description: Dextrine is one of the most commonly used binders in pyrotechincs as it is very cheap and readily available. It is water soluble and can produce rock hard stars.

Hazards: Colophonium is not particularly toxic or dangerous. 

Sources: Dextrine is easily prepared from starch. Potatoe and corn starch will both work fine. The starch is spread out on a sheet in a layer about 1 cm thick and placed in the oven. The oven is then heated to 220°C for several hours. The dextrine will turn slightly yellowish brown. One way to check if all the starch has been converted is to dissolve a small sample in boiling hot water and add a drop of KI3 solution. A blue color indicates presence of starch, which means the conversion hasn't completed yet. KI3 solution is conveniently prepared by dissolving a crystal of elemental iodine in a potassium iodide solution.

Ethanol

Formula: CH3CH2OH

Description: Ethanol is used as a solvent. Red gum and shellac, two common binders both dissolve in ethanol well. Ethanol/water mixtures are also often used since the ethanol increases the 'wetness' of the water (it reduces the surface tension of the water) and reduces the solubility of common oxidisers.

Hazards: Ethanol is flammable and volatile. Ethanol vapour is heavier than air and spreads over the ground. Provide adequate ventilation when working with ethanol

Sources: Chemically pure ethanol can be quite expensive due to increased tax, unless it is used for laboratory purposes. Denaturated alcohol (usually a mixture of ethanol and methanol) has been made undrinkable and therefore a lot cheaper. It can be used for pyro purposes. Some types of denaturated alcohol exist with other chemicals mixed in besides methanol to make it undrinkable and recognisable as such (colorants etc). I have no idea what these extra additives are and wheter they can cause problems in compositions. I have been using 'spiritus' (a well known type of denaturated alcohol in the Netherlands) for several years without problems.

Iron

Formula: Fe

Description: Iron powder is used for spark effects, mainly in fountains and sparklers. It produces golden yellow branching sparks. Not every iron alloy will work equally well. Iron alloys with a high carbon content generally work best. Stainless steel will produce hardly any sparks. 

Hazards: Iron needs to be protected before use in pyrotechnic compositions. Otherwise it will corrode and render the composition useless or even dangerous. Iron containing compositions are generally best kept dry and not bound with water soluble binders. Iron can be coated with linseed or tung oil. The latter was used in ancient China (and may still be used today). Linseed is very convenient to use and easy to obtain. Blackpowder-like compositions (ie Charcoal/sulfur/saltpeter based) with added metal, such as they are often used in fountains, are more sensitive than the composition without added metal. Extra caution, especially when pressing or ramming, should be excersised.

Sources: Iron turnings can often be had for free from places were iron is used for construction. Drilling, sawing etc produces a powder with wide range of particles. This powder is treated with mineral oil to remove oil and grease, sieved, and then coated with linseed oil.

Iron oxide (red)

Formula: Fe2O3

Description: Red iron oxide is used as a catalyst in composite and whistling rocket propellant formulations. It is also added to some glitter formulations and used for 'thermite', a mixture that produces enormous amounts of heat, forming molten iron.

Hazards: Red iron oxide is not particularly toxic or dangerous.

Sources: Common rust is not iron oxide. It is a mixture of oxides and hydroxides. A cheap source for red iron oxide is the ceramics supply shop.

Lead tetraoxide

Formula: Pb3O4

Description: Lead tetraoxide, sometimes called 'lead minium', is used to make crackling microstars. The composition is very sensitive, explosive and poisonous. It is in fact one of the most dangerous mixtures used commonly in modern pyrotechnics. An alternative mixture based on bismuth trioxide exists (which is less poisonous), but the high price of bismuth trioxide restricts its use.

Hazards: Lead tetraoxide, like most lead compounds, is extremely poisonous. Lead is an accumulative neurotoxin and extreme care should be taken to prevent direct contact. Lead tetraoxide may be absorbed by inhalation and ingestion. Wear a respirator, gloves, and protective clothing.

Sources: Lead tetraoxide may be prepared from a solution of lead nitrate and sodium hydroxide. Note that the procedure involves extremely corrosive and poisonous chemicals and should only be attempted by those who have access to (and know how to use) the right equipment and can handle the waste properly. Prepare a concentrated solution of sodium hydroxide by dissolving 300 grams of sodium hydroxide in water. The solution will heat up during this. To prevent it from boiling suddenly add only small portions at a time. When all has dissolved, allow it to cool down to room temperature. Dissolve 50 grams of lead nitrate in 200 ml of water, and slowly add the sodium hydroxide solution to this solution while stirring continuesly. A white precipitate will form first, which will turn orange when all sodium hydroxide solution has been added. Stir this solution well for another hour, and then allow the lead tetraoxide to settle. Carefully decant the supernatant, add boiling hot water to the residue, stir, allow to settle and decant again. Repeat this 5 more times. Then filter and rinse the lead tetraoxide in the filter several times with hot water.

Manganese dioxide

Formula: MnO2

Description: Manganese dioxide can be used as a catalyst in composite and whistling rocket propellant formulations. A thermite-like mixture can also be made with it. The manganese dioxide thermite burns more slowly than the iron oxide based mixture with a bright white glow.

Hazards: Mangese dioxide is poisonous and leaves brown stains on glassware etc. The stains can be removed with dilute hydrochloric acid (ofcourse, only when the stained object is not attacked by it).

Sources: Mangese dioxide can be obtained from old batteries or from the ceramics supply store. The mangese dioxide in batteries is mixed with several other compounds from which it must be separated. An easy, though messy way to do this is as follows: Find a couple of depleted carbon-zinc batteries. Only carbon-zinc type batteries will do. Do not use other types such as rechargable or lithium based batteries. These, especially the rechargable ones, contain extremely dangerous and/or poisonous compounds such as cadmium, mercury and metallic lithium. Carbon-zinc batteries may contain small amounts of mercury as well, especially the older types, so precautions should be taken to prevent skin and eye contact and to prevent breathing or swallowing of dust. So: wear your dust mask, glasses, gloves and old clothing. Then carefully take the battery apart. You'll find a greyish white (zinc oxide) or metallic coating (zinc metal) inside, depending on wheter the battery is empty or not. This surrounds a black, sometimes wet, mass. This black stuff contains among other things the mangese dioxide. Peel the coating off and save the black mass. There is also a black rod inside attached to the anode. This is a graphite rod and can be safed for chlorate (and maybe perchlorate) preparations. We'll assume you use 2 batteries from here on. (if not, adjust amounts accordingly). Place the black mass in 200 ml of 30% hydrochloric acid. The manganese dioxide will slowly dissolve, giving off chlorine gas. Chlorine gas is dangerous: it attacks the lungs and is poisonous. Do this outside or better yet: in a fume hood if you have one. Allow the manganese dioxide several days to dissolve. The solution is then filtered which should yield a clear solution of manganese(III)chloride. In a separate container dissolve 200 grams of sodium hydroxide in a liter of bleach. Add the manganese(III)chloride solution slowly to the bleach/sodium hydroxide solution. This results in a brown precipitate of manganese dioxide which is filtered, rinsed several times with boiling hot water and dried.

Magnalium

Formula: Alloy of magnesium and aluminum, usually 50:50. Sometimes written: MgAl

Description: Magnalium is a very brittle alloy of magnesium and aluminum. Some common uses are in for spark effects, in strobing compositions and in crackling stars. It is commonly alloyed in 

Hazards: Magnalium dust is harmfull and a dust mask should be worn when handling fine dust. Mixtures containing nitrates and mangalium sometimes heat up and may ignite spontaneously, especially when moist. This can usually be prevented by treating the magnalium with potassium dichromate. This is done by boiling the magnalium in a 5% potassium dichromate solution. Adding fine potassium dichromate powder to such compositions may also help.

Sources: Magnalium can be made at home. Plan well and prepare yourself for working with molten metals that may ignite if you plan to make it at home. If the metal ignites expect it to burn very brightly and hot. Explosions are not common but may occur if the hot melt is allowed to contact water or oxidisers. Do it outside and away from anything flammable. If it ignites don't try to extuingish it but get away from the burning mass and let it burn out and cool before approaching it. Don't look directly into the burning metal as it may damage your eyes. Start by melting aluminum in a stainless steel container. The molten metal should be covered with a blanked of inert gas. In this case neither nitrogen nor carbon dioxide will function as an inert gas. It is best to get a cylinder of argon gas at a welding supply store. Using an electric furnace for the melting is very convenient and allows good control over the temperature. To the molten aluminum magnesium is added in solid form. The melt should be stirred from time to time. When all the magnesium has melted, the melt is allowed to solidify. It is then easily crushed up in smaller chunks with an heavy hammer. These chunks are crushed further and sieved. It can also be ball milled into a fine powder using steel media but this can be dangerous since the metal powder can become pyrophoric.

Magnesium

Formula: Mg

Description: Magnesium powder is used in a wide variety of compositions, both for spark effects and 'normal' fuel purposes. Relatively coarse magnalium is used for spark effects. In flares and some bright colored star compositions it functions as a normal fuel. It is superior to aluminum in color compositions since MgCl2 and MgO are more easily vaporised than the corresponding aluminum compounds. This reduces the amount of black-body radiation and improves the color purity.

Hazards: Magnesium dust is harmfull and a dust mask should be worn when handling fine dust. Mixtures containing nitrates and magnesium sometimes heat up and may ignite spontaneously, especially when moist. This can usually be prevented by treating the magnesium with potassium dichromate. This is done by boiling the magnalium in a 5% potassium dichromate solution. The magnesium will turn brown when this is done. Adding fine potassium dichromate powder to such compositions may also help.

Sources: Making magnesium at home is very difficult. Magnesium can be bought in boating supply stores. It is used to prevent corrosion of a ships hull. For that purpose it is welded to the hull. The lower position of magnesium in the electrochemical series will make the magnesium corrode before the steel will. Making such a block of magnesium into a fine powder will not be easy. Filing or cutting and ball milling may be tried. Ball milling of metals can be dangerous however since the metal can become pyrophoric.

Methanol

Formula: CH3OH

Description: Methanol is used as a solvent, much in the same way ethanol is used. Red gum and shellac, two common binders both dissolve in methanol. Methanol/water mixtures are also often used since the methanol increases the 'wetness' of the water (it reduces the surface tension of the water) and reduces the solubility of common oxidisers.

Hazards: Methanol is flammable, volatile and toxic. Methanol vapour is heavier than air and spreads over the ground. Provide adequate ventilation when working with methanol

Sources: Methanol is often more cheaply and easily availble than ethanol because it is toxic and no extra taxes are charged for it. It finds use in a certain type of camping stove and can often be bought in camping supply stores.

Nitric acid

Formula: HNO3

Description: Nitric acid is not used in pyrotechnic compositions but it can be used to prepare a variety of usefull nitrates from carbonates, hydroxides, oxides or free elements. It is used in the explosives industry in the preparation of a lot of commonly used explosives (eg TNT, RDX, PETN, nitrocellulose). Most high explosives have no use in fireworks, though nitrocellulose is used in some fireworks compositions as an acetone soluble binder.

Hazards: Nitric acid is corrosive. The fumes are dangerous to the lungs, eyes and skin. Skin will be stained yellow upon contact. Avoid all contact with both liquid and fumes. Wear eye and skin protection (lab apron, gloves, safety glasses, etc). In some reactions (especially those with metals) a brown gas will develop: nitrogen dioxide. It is very toxic, corrosive and will attack your lungs badly. Only work with nitric acid with adequate ventilation and proper protective clothing. Don't use any solutions more concentrated than 60%. Don't try to prepare high explosives at home and don't allow any organic material to contact nitric acid accidentially because that may result in the formation of dangerously explosive and/or sensitive materials.

Sources: It is possible to prepare nitric acid in several ways. It can also be bought at some drug stores. Here (in the Netherlands) it is sold under it's Latin name, 'acidum nitricum'. Other places where it is sold is at professional gardening suppliers and at welding shops (it is used to passivate stainless steel after welding). One way to prepare it is by distilling a mixture of sulphuric acid and sodium nitrate. This process is dangerous and requires some equipment. This method is probably too dangerous for the average amateur pyro. Another possible method is by precipitating barium sulphate from a barium nitrate solution by adding sulphuric acid. What remains is a nitric acid solution. It should be possible to prepare quite concentrated solutions by using concentrated sulphuric acid and a saturated (-not- hot!) barium nitrate solution. It is important that the sulphuric acid is added to the barium nitrate solution and not the other way around. The mixing of the liquids will produce heat and if the barium nitrate solution is added to the sulphuric acid it could cause sudden boiling and splatting. Therefore, add the sulphuric acid slowly to the barium nitrate while constantly stirring. Allow the mixture to cool from time to time if it gets too hot. A white precipitate of barium sulphate should form. The mixture is then filtered through a sintered glass filter to obtain clear solution of nitric acid.

Nitrocellulose

Formula: nitrated cellulose, mixture of compounds

Description: Nitrocellulose is used as a binder in pyrotechnic compositions. It is also used in some items without any other oxidisers or fuels. In other fields of pyrotechnics than fireworks it is widely used as a propellant, sometimes mixed with nitroglycerine and other materials (so called double- or triple base propellants).

Hazards: Nitrocellulose can detonate in large quantities. It is also extremely flammable and must be handled as if it is a mixed composition (which it is in fact, on the molecular level, unlike most pure chemicals). Pure nitrocellulose is thermally instable and will decompose over time. Double and triple base powders contain nitroglycerine and are probably best avoided for use in fireworks.

Sources: Nitrocellulose is sold in gun shops to those with the proper licences in some countries. Double and triple base powders seem to be most common though. A less nitrated but usable form of cellulose, called celluloid, is also used in some household items: ping-pong balls. This may be a source for small amounts. Celluloid is also used for film but that is getting a little scarce these days with digital cameras taking over the market. It is probably too expensive for pyro uses anyway. Finally, it is possible to make nitrocellulose at home. The procedure is too lengthy to describe well here, but it involves treating cellulose (preferably cotton or paper) with a mixture of sulfuric acid, nitric acid and water. The product is then washed extensively and stabilised. Properly stabilising the product at home may be difficult and commercial nitrocellulose is preferred for that reason.

Parlon

Formula: (C4H6Cl2)n
Description: Parlon is a acetone-soluble polymere that is used as a chlorine donor and binder. It is a good example of one of the new chemicals that has become available in the past few decades for use in compositions.

Hazards: Parlon is not particularly dangerous.

Sources: Parlon seems to be available from dedicated pyro suppliers only.

Potassium benzoate

Formula: KC7H5O2
Description: Potassium benzoate is commonly used in whistle compositions. It is a white powder

Hazards: Potassium benzoate is not particularly dangerous.

Sources: Potassium benzoate can be prepared from benzoic acid and potassium carbonate or hydroxide. Benzoic acid is not very soluble, but both potassium carbonate and hydroxide are. Dissolve 140.2g potassium carbonate or 56.1g potassium carbonate in 250 ml water, and add 146g benzoic acid. Bring the mixture to a boil. If potassium carbonate is used, CO2 gas will evolve. Continue boiling untill all benzoic acid has dissolved, occasionally adding some water to make up for what has evaporated. When all benzoic acid has dissolved, continue boiling untill the first crystals of potassium benzoate are observed (ie the saturation point has been reached). Then allow the solution to cool to room temperature. Potassium benzoate will crystalise in needle shaped crystals. Filter, and rinse the crystals twice with ice-cold water. The crystals may be dried in an oven at 100 deg C.

Potassium chlorate

Formula: KClO3
Description: Potassium chlorate is a very common oxidiser in pyrotechnics, even though it has some treacherous properties and other oxidisers would sometimes be safer to use. Part of the reason of its popularity in commercial pyrotechnics is that it is cheap and easily available. The large scale production of this compound made the first quality colored fireworks possible, about a century ago.

Hazards: Potassium chlorate is toxic, and breathing protection should be worn when handling fine powder. Compositions made with potassium chlorate tend to be more sensitive than those based on nitrates and perchlorates and should therefore be handled accordingly. Potassium chlorate, or any chlorate for that matter, should never be used in combination with sulfur and sulfides. Mixtures containing both are very sensitive and may spontaneously ignite. In general, when using chlorates great care should be taken to avoid contamination of other compositions or tools. Also read the general safety page for more information on this problem. 

Sources:Potassium chlorate can be prepared at home. For this purpose, sodium chlorate is prepared first by electrolysis. It may also be obtained as a herbicide in some countries (France, for example) Then, by double decomposition with potassium chloride, potassium chlorate is prepared from this solution. The product is recrystallised, dried and powdered.

Potassium dichromate

Formula: K2Cr2O7
Description: Potassium dichromate is a bright orange crystalline subststance that is used to treat magnesium powder. The treatment makes magnesium more resistant to spontaneous reactions that could result in lower reliability of the mixture or spontaneous ignition.

Hazards: Potassium dichromate is toxic and a carcinogen. It should be handled with extreme care and proper protective clothing.

Sources: Potassium dichromate seems to be available from chemical suppliers and dedicated pyro suppliers only.

Potassium nitrate

Formula: KNO3
Description: Potassium nitrate is probably the most extensively employed oxidiser in pyrotechnics. It used for a wide variety of applications, the most important of which is probably in the manufacture of black powder. Potassium nitrate is a white powder or long needle-like crystals.

Hazards: Potassium nitrate is not particularly dangerous or toxic. 

Sources: Potassium nitrate is used as fertilizer. As such it can be bought cheaply and in large quantities. This can be used as is, but for more delicate color compositions it may be required to purify it by recrystallisation. Another possible source for potassium nitrate is 'stump remover', though this is somewhat more expensive. Alternatively, potassium nitrate can be prepared from other chemicals. For example from nitric acid and potasium carbonate or hydroxide (acid-base reaction), or sodium nitrate and potassium chloride (fractional crystallisation). At all times, make sure the product is free of acid since this makes the risk of accidential ignition much greater.

Potassium perchlorate

Formula: KClO4
Description: Potassium perchlorate is a very common oxidiser in pyrotechnics. Composition based on perchlorates tend to be less sensitive than those based on chlorates, and perchlorates can be used with sulfur and sulfides. For these reasons potassium perchlorate is much preferred above chlorates. Drawback is its slightly higher price.

Hazards: Potassium perchlorate is toxic, and breathing protection should be worn when handling fine powder. 

Sources:Potassium perchlorate can be prepared at home. For this purpose, sodium perchlorate is prepared first by electrolysis. Then, by double decomposition with potassium chloride, potassium perchlorate is prepared from this solution. The product is recrystallised, dried and powdered.

Polyvinyl chloride

Formula: [C2H3Cl]n
Description: Like parlon and saran, PVC is a polymeric chlorine donor and fuel. It can be used in the form of a fine powder or as a solution in tetrahydrofuran (THF). It is sometimes used as a binder, but it is very brittle. Small amounts of plasticiser (dioctyl phtalate is common) may be added to improve the mechanical properties.

Hazards: PVC itself is not particularly dangerous or toxic. Dioctyl phtalate is a suspected carcinogen however and THF is a very flamable and volatile liquid.

Sources: As an alternative to the PVC powder available from chemical suppliers and dedicated pyro suppliers, PVC glue may also be used. It is usually sold in hardware stores and comes in two varieties: gelling or gap-filling and normal. Both are essentially a concentrated solution of PVC. I have no experience with the gelling variety, but the normal variety can succesfully be used in compositions. The gelling variety may be better suited for pyro purposes since it seems it contains more PVC. Another possibility is to use 'Sculpy' or 'Fimo' clay. These modelling clays consist of PVC with a large amount of plasticiser. The plasticiser may affect the color of a composition negatively, but reasonable results can still be obtained with it. It can simply be kneaded into a composition with some effort. This type of clay is usually hardened by heating it in an oven, but do not be tempted to do this with pyrotechnic mixtures as they may ignite. 
Red gum

Formula: Mixture of compounds.

Description: Red gum, or accaroid resin, is one of the most commonly used binders. It is made from the excretions of a certain tree native to Australia. Red gum is soluble in ethanol and acetone.

Hazards: Red gum is not particularly dangerous or toxic.

Sources: Red gum may be bought in artistic painting supply stores. 
Saran

Formula: chlorinated polymere.

Description: Saran is used as a chlorine donor and fuel much in the same way as parlon and PVC are. It can also serve as a binder, in which case acetone is a suitable solvent.

Hazards: Saran is not particularly dangerous or toxic.

Sources: Saran seems to be available from chemical suppliers and dedicated pyro suppliers only. 
Shellac

Formula: Mixture of compounds of average elemental composition C16H26O4
Description: Shellac has been in use as a binder and fuel for many centuries. It is a somewhat brittle but strong resin that dissolves in ethanol and acetone, albeit slowly. It is sometimes claimed that shellac is a superior fuel for use in colored compositions.

Hazards: Shellac is not particularly dangerous or toxic.

Sources: Shellac is available from artistic painting supply stores. They usually have several varieties, of which 'orange shellac' works well. 
Sodium benzoate

Formula: NaC7O2H5
Description: Sodium benzoate is a white solid that is used as a fuel. It's most common use is in 'whistle mix', a mixture of potassium perchlorate and either sodium or potassium benzoate.

Hazards: Sodium benzoate is not particularly dangerous or toxic.

Sources: Sodium benzoate can be made from sodium carbonate (soda) or sodium hydroxide and benzoic acid which is often more easily available than it's salts. Benzoic acid is only sparingly soluble in water. Dissolve either 425 g hydrated sodium carbonate (common household soda) or 30 g sodium hydroxide in water. Add 100 g of benzoic acid and boil the solution. The benzoic acid will slowly dissolve. During boiling, occasionally add water to make up for what has evaporated. If sodium carbonate was used, carbon dioxide gas will evolve. After all the benzoic acid has dissolved, continue boiling allowing the water to evaporate untill crystallisation begins. Then stop heating and allow the solution to cool slowly to room temperature. Needle-shaped crystals of sodium benzoate will form upon cooling. Cool the solution further to 0 deg C, filtrate and rinse the crystals with ice-cold water. Purify the product by recrystallisation from water. 
Sodium chlorate

Formula: NaClO3
Description: Sodium chlorate is hardly ever used in pyrotechnics, since it is very hygroscopic. It finds occasional use in composite rocket propellants. It is however very usefull as a starting point in the preparation of several other (less hygroscopic) chlorates for which reason it is included here.

Hazards: Sodium chlorate is toxic, and breathing protection should be worn when handling fine powder. Compositions made with sodium chlorate tend to be more sensitive than those based on nitrates and perchlorates and should therefore be handled accordingly. Sodium chlorate, or any chlorate for that matter, should never be used in combination with sulfur and sulfides. Mixtures containing both are very sensitive and may spontaneously ignite. In general, when using chlorates great care should be taken to avoid contamination of other compositions or tools. Also read the general safety page for more information on this problem. Acidic solutions containing chlorates generate a very poisonous and explosive gas, ClO2.

Sources:Sodium chlorate can be prepared at home. It involves electrolysing a sodium chloride solution under certain circumstances. A description of the process, cell and anode design, etc. for home produciton may be found in the chlorate and perchlorate section of this page. In some countries, France for example, sodium chlorate may be obtained as a herbicide.

Sodium nitrate

Formula: NaNO3
Description: Sodium nitrate finds occasional use as an oxidiser in flare and tracer compositions because of the high efficiency of light emmision that can be obtained with it, but its high hygroscopic nature limits its use. Sodium nitrate can be used to prepare potassium nitrate, a much less hygroscopic and more often used oxidiser.

Hazards: Sodium nitrate is not particularly dangerous or toxic.

Sources: 95% pure sodium nitrate is available as a fertilizer. In the Netherlands this fertilizer is sold under the name 'chilisalpeter'. If required, it can be easily purified by recrystallisation. 
Sodium perchlorate

Formula: NaClO4
Description: Sodium perchlorate is hardly ever used in pyrotechnics, since it is very hygroscopic. It finds occasional use in composite rocket propellants. It is however very usefull as a starting point in the preparation of several other (less hygroscopic) perchlorates for which reason it is included here.

Hazards: Sodium perchlorate is toxic, and breathing protection should be worn when handling fine powder.

Sources:Sodium perchlorate can be prepared at home. It involves electrolysing a sodium chlorate solution under certain circumstances. A description of the process, cell and anode design, etc. for home produciton may be found in the chlorate and perchlorate section of this page.

Strontium carbonate

Formula: SrCO3
Description: Strontium carbonate is used in combination with chlorine donors to produce red colors. It also acts as an acid neutraliser, for which reason it is prefered in chlorate based compositions (which may spontaneously ignite when traces of acid are present). 

Hazards: Strontium carbonate is not particularly dangerous or toxic.

Sources: Strontium carbonate is cheaply available in kilogram quantities from ceramic supply shops. However, this material is often contaminated with small amounts of strontium sulfide which are left over from the production process. Therefore, ceramics grade strontium carbonate should never be used in mixtures incompatible with sulfides such as chlorate based mixtures. Strontium carbonate is not easily made at home.

Strontium nitrate

Formula: Sr(NO3)2
Description: Strontium nitrate is an oxidiser commonly employed in red color compositions in combination with chlorine donors.

Hazards: Strontium nitrate is not particularly dangerous or toxic.

Sources: Strontium nitrate may be prepared from nitric acid or ammonium nitrate and strontium carbonate, which is available from ceramic supply stores. Use an excess of strontium carbonate to ensure complete neutralisation of acid and recrystallise the product from a slightly alkaline solution to prevent the inclusion of acid solvent droplets in the crystals.

Strontium sulfate

Formula: SrSO4
Description: Strontium sulfate is used as a high-temperature oxidiser in some metal based red color compositions.

Hazards: Strontium sulfate is not particularly dangerous or toxic.

Sources: Strontium sulfate may be precipitated from a solution of a soluble strontium salt, such as strontium nitrate or chloride, and a sulfate. Magnesium and potassium sulfate are both cheaply available as fertilizer and are convenient to use. The precipitated strontium sulfate is a very fine powder which may be rinsed by repeated washings with hot water, settling and decanting. A final washing in the filter with acetone or ethanol will allow it to dry quickly. Do not use sulfuric acid to precipitate strontium sulfate as this may result in the inclusion of acid droplets in the precipitated particles which can lead to spontaneous ignition of some mixtures.

Sulfur

Formula: S

Description: Sulfur has always been used extensively in pyrotechnics. It serves as a fuel, and reduces the ignition temperature of mixtures. It also tends to increase the burning rate and friction or shock sensitivity of most mixtures.

Hazards: Sulfur can increase the sensitivity of some mixtures, especially those based on chlorate or perchlorate oxidisers. Mixtures of chlorates and sulfur are also known to ignite spontaneously and should therefore be avoided at all times (also read the safety section). Mixtures of perchlorates and sulfur are less likely to ignite spontaneously but are still very sensitive and need to be treated with extreme caution. Burning sulfur produces sulfur dioxide gas, inhalation of which should be avoided because it is extremely poisonous.

Sources: Sulfur is available from agricultural supply stores where it is sold as a fungicide under the name 'dusting sulfur'. It is a fine powder mixed with a few percent of calcium carbonate. The calcium carbonate may disturb delicate color compositions, but for most purposes dusting sulfur works well. If a purer form of sulfur is required, sulfur may also be obtained from drug stores sometimes. However, these often sell 'flowers of sulfur', which has been purified by sublimation and which contains some acid. This needs to be neutralised before use as it could cause spontaneous ignition. To do this, allow 100g of this sulfur to soak in a liter of water/household ammonia (1:5). Stir well occasionally and measure the pH. It should still be alkaline after two days, after which time the sulfur may be filtered and washed with hot water to remove the ammonia. Check the pH of the washing water while filtering. After it has become neutral, flush the water away with ethanol and allow the sulfur to dry. Mix the dry powder with 2% magnesium carbonate to neutralise any acid that may be formed in reactions with the atmosphere.

Sulfuric acid

Formula: H2SO4
Description: Sulfuric acid itself finds no use in pyrotechnics, but it can be used in the preparation of an number of usefull compounds for which reason it is included here.

Hazards: Sulfuric acid and its fumes are extremely corrosive. Wear proper protective clothing (gloves, apron and a face shield are minimal) and provide adequate ventilation when working with it. Reactions with metals often produce flammable hydrogen gas (hydrogen). The presence of acid can cause spontaneous reactions in many pyrotechnic mixtures and should at all times be avoided. When working with sulfuric acid, have no chemicals or compositions nearby to prevent contamination. Make sure all traces of acid in chemicals produced with sulfuric acid are removed if they are to be used in pyrotechnics compositions.

Sources: Sulfur is available from agricultural supply stores where it is sold as a fungicide under the name 'dusting sulfur'. It is a fine powder mixed with a few percent of calcium carbonate. The calcium carbonate may disturb delicate color compositions, but for most purposes dusting sulfur works well. If a purer form of sulfur is required, sulfur may also be obtained from drug stores sometimes. However, these often sell 'flowers of sulfur', which has been purified by sublimation and which contains some acid. This needs to be neutralised before use as it could cause spontaneous ignition. To do this, allow 100g of this sulfur to soak in a liter of water/household ammonia (1:5). Stir well occasionally and measure the pH. It should still be alkaline after two days, after which time the sulfur may be filtered and washed with hot water to remove the ammonia. Check the pH of the washing water while filtering. After it has become neutral, flush the water away with ethanol and allow the sulfur to dry. Mix the dry powder with 2% magnesium carbonate to neutralise any acid that may be formed in reactions with the atmosphere.

Titanium

Formula: Ti

Description: Metallic titanium is used to produce bright white sparks. The particle size and shape of the titanium will affect the color and duration of the sparks.

Hazards: Titanium can spark if hit with other metals (especially steel) or against itself. Blackpowder-like compositions containing titanium, such as often used in fountains, are notably more sensitive than mixtures without titanium.

Sources: Titanium shavings and curls are sometimes available from places where titanium metal is worked. These are often contaminated with oil which can be removed by washings with white gas or acetone. Titanium curls can be heated in an oven to make them more brittle, which facilitates crushing them into a powder. Care must be taken when attempting this however as the titanium may ignite when heated too much. 

Zinc

Formula: Zn

Description: Metallic zinc is used in rocket propellants, for spark effects and in white smoke compositions. Zinc powder is quite heavy and zinc-based stars often require heavier lift or burst charges to propell them.

Hazards: Zinc powder can spontanesouly heat up when wet.

Sources: Zinc powder is used in paints for the protection of steel. Spray cans containing an suspension of zinc powder are commonly sold in hardware stores. The zinc powder may be extracted by emptying the spray can in a large container, allowing the powder to settle, decanting the solvent and paints and repeated washing with paint thinner or acetone.

Zinc oxide

Formula: ZnO

Description: Zinc oxide is used to produce white smoke. 
Hazards: Zinc oxide is not particularly toxic or dangerous.

Sources: Zinc oxide is usually available as a white pigment called 'zinc white' in artistic paint stores. It can also be prepared by igniting a piece of zinc sheet.

Mixing techniques

Mixing of pyrotechnic ingredients is a basic skill that every pyro must master. Mixing pyrotechnic compositions is not as simple as it may seem at a first glance and improper mixing techniques are a common cause of accidents among beginning amateur pyro's. Depending on the sensitivity and required properties of the mixture different mixing techiques may be employed. Below you'll find three descriptions of accepted methods with which most mixtures can be made.

Diapering method
Screening method
Ball milling method
Diapering method

The diapering method can be used for a wide variety of mixtures of all sensitivities. It produces very little friction and is used for mixtures as sensitive as flash as well as for less sensitive mixtures such as most fountain compositions. Up to a pound of composition may be conveniently mixed at a time (although this is strongly discouraged for powerfull and sensitive mixtures such as flash).

1. Prior to mixing, sieve the chemicals to remove clumps. Sieve each chemical separately. Break any clumps up, sieve again, and repeat this untill all passes the sieve. 

2. Take a large sheet of (not too thin) paper and spread it out on a flat surface. 

3. Place the chemicals in the center of the paper 

4. Pick up two oposite corners of the paper and alternately lift them so that the chemicals roll together. 

5. Before the composition tends to fall off the paper, place the sheet back on the working surface and pick up the two other corners. Repeat the previous step with these corners. 

6. Repeat as often as necessarry to obtain a homogenous mixture.

Screening method

This method produces more friction than the diapering method. It is therefore unsuitable for sensitive mixtures such as flash. It is advised to use this method only for relatively insensitive mixtures such as black-powder like mixtures. Metal containing mixtures are best mixed with the diapering method as metal particles may spark with the sieve. Main advantage of the screening method is that it is fast and much less laborous than the diapering method.

1. Take a sieve with a coarse grid. It is much preferable to use a brass sieve since it will not spark. 

2. Place the chemicals together in a (wooden or glass) bowl and mix them roughly with a wooden spoon. 

3. Skoop the mixture on the sieve and sieve it onto a paper sheet 

4. When all has passed, transfer the mixture to the bowl again and repeat the sieving as often as necessarry to obtain a homogenous mixture. Small clumps that won't pass through the sieve may be broken up by applying gentle pressure with the back of a wooden spoon or a piece of paper.

Ball Milling method

Mixing with the ball milling method produces a lot of friction, shocks and maybe static electricity and is therefore dangerous. It can only be used with very insensitive mixtures and even then it must done with utmost caution and proper safety precautions. The only reason it is used (besides that is very simple and not labour intensive) is that it will produce superior mixtures: extremely homogenous and well mixed. For making lift-grade quality black powder a ball mill seems essential. I would advise that only mixtures of potassium nitrate, charcoal and sulfur be mixed with the ball milling method. Other mixtures are usually more sensitve. Ofcourse most pure chemicals can safely be ground with the ball mill. Also see the notes on the pages dealing with making black powder and the ball mill.

1. Take a ball mill 

2. Insert the chemicals, wet them with an appriopiate solvent 

3. Turn it on and let it run for the required time to obtain a homogenous mixture.

That's basically all there is to the mixing itself. Safely operating a ball mill is a subject on it's own and is not described here. Read the linked pages above for some comments on that.




Back to main page 

Compressing compositions

Quite often a powder needs to be formed into a solid mass to control the burn rate, for example in the construction of fountains, rockets and lances. Depending on the composition used and the application, different methods may be used to accomplish this. Ramming and pressing are the most commonly used methods. Due to the shocks, friction and enormous forces involved in these processes, they can be dangerous. Mixtures may ignite when rammed or pressed and it is therefore of the utmost importance that the techniques for doing this as safe as possible are learned. Another commonly used method is to hold a composition together with a binder. The binder of choice depends on the particular composition. This too can be dangerous if an improper binder or solvent is used. Below, each method is described. 

Ramming 

Pressing 

Binding 

Ramming

This method is used to fill tubes with composition. Small amounts of powdered composition are added to the tube, a dowel is inserted and the powder is compacted with a hammer. Obviously, this method can only be used for very insensitive compositions. Mixtures consisting of nitrates, charcoal and sulfur are commonly rammed. Many rocket propellants and fountain compositions are made with just these three chemicals. However, metal powders are often added to these mixtures for spark effects and this makes them more sensitive. Although these mixtures are also commonly rammed, it is good to know about their increased sensitivity. Mixtures containing chlorates or perchlorates should never be rammed. They are much more sensitive than nitrate based mixtures. Such mixtures are pressed or bound instead. 

From comparing accounts of accidential ignitions during ramming, it seems that the most likely thing to happen is that the dowel will be blown out of the casing, sometimes with force, and the composition will then steadily burn away. If you are wearing proper protective clothing (eye and ear protection, face shield, heavy gloves and heavy (eg leather) apron are minimal), followed the safety tips in the safety section and did not lean over the casing while ramming, the risk of serious injury is minimal. 

Perchlorate and chlorate based mixtures are not only more sensitive, they also burn at a greater rate. In case of accidential ignition these mixtures are more likely to cause an explosion instead of a relatively harmless steady combustion. Protective clothing will provide little protection against explosions, and this is another reason why perchlorate and chlorate based mixtures should never be rammed.

	1) Place the casing to be filled on a smooth wooden surface. Sometimes, when the casing is relatively thin, a 'sleeve' is used to prevent it from splitting. For more information on this, check out the rocket tools and rocket construction pages.

2) Add a small amount of loose composition to the casing. Use no more composition than will give a layer as thick as the casings inner diameter after ramming, or the casing may wrinkle. Also, the powder may not be fully compacted. This often results in inconsistent performance and explosions.

3) Tap the casing to settle the powder, and insert the dowel. The dowel should slide easily into and out of the casing, yet there should be little clearance between dowel and casing. As a rule of thumb, use a dowel 1 mm smaller than the inner diameter of the casing if the casings inner diameter is less than 20 mm. If larger casings are used, use a dowel 2 or 3 mm smaller than the casing.

4) Push the dowel down firmly using your hands. This will compact the powder a bit and allow most of the air trapped between the grains to escape.

5) Now, using a wooden or rubber-coated hammer, give the dowel a few blows. Everyone seems to have his or her own method, but in any case it is important to be consistent: use the same number of blows everytime, and try to use about the same amount of force. My method is to give three intermediately strong blows, lift the dowel slightly, rotate it a third of the way, give another three blows, lift, rotate and ram once more and then repeat, this time using stronger blows.

6) When the casing is filled to the required level, remove the sleeve if used and inspect the casing. It should not be wrinkled, and a slight expansion of the casing is usually a good sign. A very tight sleeve may prevent the casing from expanding however, even if enough force was applied.
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Pressing

Pressing produces less shocks and friction than ramming, reducing the risk of accidential ignition. It also allows the operator to be at a distance from the composition, and a blast screen can be mounted in between. Therefore, pressing is a much safer method of compression than ramming. More sensitive compositions can be used, increasing the range of effects achievable. Compositions that are unsensitive enough to be rammed may be pressed instead, possibly increasing safety. So, even though you can do without, after some time you will probably want to construct a press. A simple solution for small items is to use a large vice for pressing, as is described on the press page.

1) If necesary, insert the casing in a sleeve.

2) Add a small, measured amount of composition. Like before, use no more than will give a layer as thick as the inner diameter of the casing to prevent wrinkling and incomplete compression.

3) Insert the dowel. As explained in the ramming section, it should slide easily in and out of the casing but fit the casing well. Insert the casing in the press.

4) Now, position yourself behind the blast screen. Hopefully needless to say, a blast screen is no excuse for not wearing protective clothing. In case of accidential ignition an explosion is very likely since the press provides extra confinement. While the dowel was free to move out of the casing in ramming and allow a way of escape for the gasses generated, during pressing it is not. So, as always, wear at least heavy gloves, face shield and a leather apron.

5) Now, compress the powder. Try to exert about the same amount of force everytime, to improve consistency. Some people use a pressure gauge to actually measure the force. Others simply try to judge the force they are exerting themselves on the press. If the performance of your items is inconsistent, reconsider your technique of pressing first. In general it seems best to apply as much force as possible without splitting the casing.

6) Wait for a few seconds, then release the pressure.

7) Remove the casing from the press, and repeat steps 2 through 6 untill the casing is filled to the required level.

8) Inspect the casing. It should not have wrinkled, and slight expansion is usually a good sign. A very tight sleeve may prevent the casing from expanding however, even if enough force was applied. 

Binding

This method relies on a different principle than the other two. A binder is added to the powdered composition, some solvent is added, the dough is shaped as required and allowed to dry. This method has many applications, probably more than it is commonly used in. In the past few decades, polymerising binding agents have found increasing application as well. These do not need to be dissolved in a solvent and can therefore be used to manufacture large solid masses of composition in non-porous casings. These binders find widespread use in rocket propellant manufacturing, but I've heard of people using the same technique to produce stars and lances. 

This method produces very little friction and may be used with comparatively sensitive compositions. However, the use of solvent can cause some other difficulties. The binder/solvent system used must be compatible with the composition. For some more details, read the 'incompatibilities' section on the safety page.

1) Prepare the composition. Following the instructions, add the binder as a dry powder to the composition or dissolve it in a solvent. If a curing (polymerising) binder is used, add the monomere.

2) If the binder was added as a powder to the composition, spray the composition with a solvent. If the binder was dissolved, wet the composition with the required amount of solvent. In general, the first method is better since this allows control over the amount of binder used. Indications for the use of solvent are generally quite vague (along the lines of 'make the composition into a wet paste', or 'a stiff dough'). This page is not different in that respect, and this is where some experience comes in. As a rule of thumb however, it is best to add as little solvent as possible. Add small amounts of solvent, mix them well into the composition, and stop when the right consistency has been achieved. If a polymerising binder is used, the exact amount should be stated since it usually constitutes a significant part of the composition. To start the polymerising process, different methods are employed depending on the polymere. We will assume that the process is started by adding a initialiser or hardener, which may be mixed in at this point. Mix it in well with the rest of the composition, so the polymerisation takes place homogenously throughout the mass. Note that the polymerisation reaction may release heat which could cause spontaneous ignition of some mixtures. Especially if too much hardener is added the polymerisation reaction takes place at a great rate. So, take precautions accordingly.

3) Following the instructions, shape the composition as required. If it is inserted into a casing, a thin casing is usually used to allow the solvent to migrate through the walls and evaporate.

4) Allow to dry thoroughly. Depending on the solvent, temperature, ventilation, the amount of composition used, the surface area of the shaped mass and the casing surrounding it, drying time may vary from minutes to months! Do not try to speed up drying using heat; just be patient. 
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Press

Pressing compositions (if done properly) is safer than ramming, since the process produces less shocks and friction and the operator can shield him/her self from the effects of accidential ignition. To consolidate more sensitive compositions such as whistle mix, pressing is the only safe method. Even though a lot can be achieved without the use of a press, eventually the lack of one will limit further progress. In this page the construction of a simple press is described. 

Building a 5 ton press

The amount of pressure required to properly compress a powder into a solid mass without cracks depends on the surface area of the powder to be compressed (i.e. the inner diameter of the casing). Five tonnes should be enough for most projects, except maybe larger fountains or when compositions are used that are not easily compressed. 

Materials

Hydrolic jack: An hydrolic jack is used to exert pressure. They can be found in the cars section of a hardware store. I have experimented with a 'scissors'-type jack as well, but found it not to work very well. It was permanently deformed after pressing only 10 rockets and most types cannot exert a force greater than 500 kg. The rockets were 2 cm ID blackpowder based rockets almost all of which exploded upon ignition, a sign of insufficient compression. Hydrolic jacks are available in different capacities. I use a jack of 5 ton capacity. The press described here should be able to withstand a force of at least 60 kN (a bit more than 6 tonnes). This takes into account that not the highest quality of materials is used.

Blast screen: Like mentioned, pressing causes less friction and shocks than ramming. However, compositions can ignite during pressing as well. The press provides extra confinement, and an explosion is very likely in that case. Even though this is not very common, it does happen and every possible precaution should be taken to protect yourself and surroundings from an accidential ignition. Therefore, a blast screen is absolutely esssential. What the best material for such a screen might be is a point of discussion. I've heard of several people using polycarbonate (also called Lexan). This is a very strong 'shatterproof' ('shatter resistant' would be a better description) material. It is not cheap, but it is your safety that is at stake here. I personally think this is a good choice. Other people use thick sheets of plexiglas (acryl), but it is brittle and may shatter and produce shrapnell in the case of an explosion. 'Bulletproof glass' may also be an option if you can obtain it. I am not sure what it is made of but a friend uses it and it intuitively seems good. If it can stop a bullit, it should stop most shrapnell as well. A metal sheet may also provide some protection. Ofcourse, it is not transparent, but with the use of a mirror to view the object being pressed it may very well be a cheap and good solution. Mirrors can produce shrapnell when shattered by an explosion, but since the velocity of the shrapnell is likely to be smaller and directed away from the operator a thinner (and hence cheaper) transparent blast screen can be used to protect yourself from that. Also, the use of some of the thin plastic mirrors sold in camping stores instead of glass mirrors helps to reduce the danger. Pictures illustrating the principle will be given later.

Threaded steel rods Four steel threaded rods and 16 fitting nuts are needed. I used 10 mm diameter rods. Depending on the quality of steel this should allow a force of 60 kN (a bit over 6 tonnes) or more. If you intend to use a heavier press and exert more than that, larger diameter rods and/or a better grade of steel is needed.

Pipe To allow a plateau to slide over the threaded rods easily, they are surrounded with smooth pipe. Steel or PVC are easy to get, but just about anything will do as long as it fits the threaded rods.

Wood: Three pieces of wood of 4*25*25 cm are needed for the frame as well. 

Assembly

1. Take all three pieces of wood and drill 11 mm holes on the corners of each, 4 cm away from the edges.

2. Insert a threaded rod through each hole of a piece of wood, and secure with two nuts.

3. Slide a piece of pipe over each rod, and slide the second piece of wood onto the pipes.

4 Screw a nut on every rod, slide the third piece of wood onto that and secure with the last four nuts.

3. Saw the blast screen to the appropiate size, drill six holes and screw it to the wood with heavy screws as indicated. In figure 5, a transparent blast screen is drawn. If a non-transparent material is used, such as wood or metal, a (preferably plastic) mirror can be used to watch the item being pressed as indicated in figure 6 (top view of the setup).

4. Position the hydrolic jack in the center of the bottom piece of wood. Whatever is to be pressed is positioned on the sliding piece of wood and pressed against the top piece. If the pressure is exerted on a small area of wood (for example when a dowel is used), use a piece of metal sheet to protect the wood.
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Ball Mill

A ball mill is device that can be used to grind chemicals much more easily and to a finer consistency than can possibly be done by hand with a mortar and pestle. It is often usefull to grind chemicals in order to increase their surface area. This will generally increase the rate at which they react in a pyrotechnic composition and make mixtures more homogenous which results in a steady burn rate. For making good quality black powder at home a ball mill is essential, and black powder is needed in very many pyrotechnic devices. 

Note: ball milling inevitably causes friction and shocks and possibly leads to static electricity buildup as well depending on the design. Ball milling of mixtures should only be attempted when an appropiate place is available to operate the mill (ie one where it causes no damage or injury in case of explosion) and it must be turned on and off remotely. Most chemicals can be milled more safely but several sets of balls and containers must be available to prevent contamination and milling of metal powders can be dangerous as they may become pyrophoric. 

Materials

I used whatever I could get cheaply to construct my mill, so you will probably not be able to get the exact same materials and have to improvice somewhat. 

Motor: I used to use a electrically powered drill to drive my mill, but several people have advised against it as these are not designed to operate for extended periods of time. They tend to get excessively hot and eventually fail. Old motors can be found in many places for little or no money. Washing machines for example contain durable motors and are often plentifull at scrap yards. Mine came from a pump from an old coffee machine. 

Container: A piece of PVC sewer tubing works well. I use a 34 cm long 11 cm diameter piece, with two fitting end caps. PVC is hard and will not suffer from erosion as much as most other materials I've tried. This container has lasted about 150 hours of operation thus far and shows no visible signs of wear. One point of discussion is that PVC may accumulate significant amounts of static electricity during operation. I've tested if the container is able to attract small chips of polyethylene right after use, which it doesn't. I'm not entirely convinced PVC is harmless though. For some more ideas on this matter, check out this page on the charging of powders in a rotating drum. Strips of rubber from a bicycle tire are glued around the casing with hot melt glue to improve its grip on the roller. 

Roller: The roller is conveniently made of PVC tubing as well. I used 2.5 cm outer diameter sewer tubing, but the diameter may be chosen depending on the speed of the motor availalable. The ratio of 2.5 cm (roller) to 11 cm (container) yields a factor 4.4. reduction in speed. As the motor operates at about 250 rpm, the container would theoratically rotate at a rate of about 60 rpm. In practice it reaches 50 rpm due to slipping. Somewhat faster would be more efficient. It used to operate at 80 rpm when I was still using the drill, and black powder would be ready in 3 hours. Now, it takes 5 hours to obtain a similar quality, but the time gain is not worth an expensive tool. The roller is coated with rubber to improve grip on the container. I did this by sliding the ends of cut inner tube from a bike tire on the ends of a piece of 2.5 cm PVC tubing. Inflating the tube allows it to slide over the PVC as the air escapes. 

Media: Most of the money was spend on media. I bought 150 lead balls of 1.78 cm diameter in a hunting supplies store. They are used for reloading rifles. Lead and brass media are preferred as they don't spark. Sparks could accidentially ignite the mixture you are milling, with disastreous results. Other media such as glass, steel or ceramic can be used for pure chemicals and non explosive mixtures but not for ignitable substances. How much media will you need? I recall that it is most efficient to fill exactly half of your container with balls. My container is 11 cm diameter and 34 cm length, which took 150 lead balls of 1.78 cm diameter. 

Assembling

Constructing the mill is fairly simple. The pictures below illustrate the principle. The container rests on the roller and two small wheels. A copper rod lengthwise through the roller is driven by the motor on the right. 

Using the mill

Ball milling can be dangerous. It inevitably causes friction and shocks that could ignite a mixture. Depending on your container and media material and the substance you are milling the process can generate static electricity as well. Milling metals can make them pyroforic. When a mixture ignites inside the mill the results can obviously be disastrous. The explosion will produce large amounts of shrapnell from the media and the milling container that can be hurled away hundreds of meters. Under no circumstances should you attemp to mill explosive mixtures such as black powder inside or near a building. Operate it on a piece of open terrain and turn the ball mill on and off remotely. Barricade it with sand bags. You can often safely mill pure compounds, but be aware that metals (which can be milled with steel media) can become pyroforic and ignite when you open the milling container (thereby letting oxygen in). Pyroforic metal powders can be very treacherous. They do not necessarily ignite immediately (although it could happen), but after some time when you think they are safe since there has been no reaction upon contact with air. When ignition occurs expect a large, extremely hot ball of flame, the burns of which can easily cause a painfull death. Use your common sense when ball milling and be prepared for the worst. 

I do not know wheter the materials I chose for my ball mill (PVC and lead) generate static electricity. I have prepared many batches of black powder in my mill (using a wet process) and have not had any accidents so far. Any comments on the above design are very welcome (wfvisser@dds.nl). 

Pictures
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	This shows the basic construction. The black horizontal bar is the rubber-covered roller, driven by the motor on the right. The two small white structures are small plastic wheels, such as are used under furniture.
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	The container consists of a section of PVC tubing with fitting end caps. The picture shows some of the lead media (1.78 cm diameter lead balls), and a few chunks of charcoal. These will be broken up in the mill in a matter of minutes. Strips of rubber are glued around the container as shown to improve its grip on the roller.
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	The container where it belongs.
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Rocket tooling

While it is possible to build rockets without special tools, having a few tools makes it much easier to make reliable motors. Every type of rocket requires its own tooling, as the dimensions of each rocket are different. The tooling described here was designed for making E6 rockets, but it can be scaled according to needs. The basic principle is the same for most rockets. A set of rocket tools usually consist of a number of rammers, a sleeve, and a spindle. Each of these is described below. 

	Rammers

A rammer consists of a hollow rod of aluminum, brass or wood that fits the rocket casing. The central hole accomodates the spindle. A set of rammers of different lengths is often used. As the casing is filled, shorter rammers are used. A rammer should be slightly smaller than the casing to allow it to slide easily and to provide an escape route for gasses in the case of spontaneous ignition during filling. The rammers for the E6 rocket described elsewhere on this page were constructed from a length of 12 mm aluminum rod which was filed to a diameter of 11 mm. A 3.5 mm lengtwise hole , 30 mm deep, was drilled to accomodate the spindle which is of 3 mm diameter.

Sleeve

A sleeve tightly surrounds the casing to prevent it from splitting while it is being filled. It allows you to apply more force during filling, making it easier to sufficiently consolidate the propellant. Sleeves are best made from wood, brass or aluminum, but I personally use a PVC sleeve because it is easily constructed. PVC may cause some extra hazards due to static electricity buildup however. I would appreciate it if anyone can share experiences or insights in the static electricity problems associated with the use of PVC (or other plastics). A sleeve for E6 rockets was constructed from a piece of 25 mm inner diameter (32 mm outer diameter) standard PVC sewer pipe. A lengthwise slit is cut in a 10 cm length of such pipe, and the pipe is heated with a hair dryer to soften the plastic. While still hot, it is wrapped around a 16 mm rod and tightened in a vice to produce the shape indicated in the picture. After it has cooled, it is released from the vice and four 4 mm holes are drilled in the flat ends as indicated. Nuts and bolts are inserted in these holes to tighten the sleeve around the casing with. A 5 mm hole is drilled sideways into the sleeve as well, which can later be used to fix the spindle with a nail. 

Casing

The casing should fit the sleeve tightly. It should not be possible to slide it out by hand after the screws have been tightened. If sliding occurs, glueing emory cloth to the inside of the sleeve can help. 

Spindle

The spindle is conveniently constructed from a few centimeters of rod of a diameter equal to the outer diameter of the casings. If you have access to a lathe, you should have no problems constructing the spindle. It can also be done without the use of a lathe as follows. For the E6 rocket tools, cut 20 mm of an 18 mm diameter rod and fix it in a vise. Drill and tap a 3 mm hole in the center, about 10 mm into the piece. Then, file the piece into the shape indicated in the picture. The casing can rest on the flat edges and the 30 degree slope will form the nozzle. Find a 37 mm long, 3 mm diameter aluminum rod and tap a 10 mm length to fit the hole in the base. Insert some epoxy glue into the tapped hole in the base and screw the rod in. It should extend 27 mm above the base and will form the core and nozzle opening. Finally, drill a 5 mm hole sideways through the base. Make sure it lines up with the hole in the sleeve when the spindle is slid into the sleeve. A nail can be inserted through this hole to fix the spindle in the sleeve. 
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