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The historical development of the candle is a fascinating subject because it reflects the parallel development of 
chemical industry, the understanding of physical and chemical phenomena, and the ingenuity of the human being. Today, 
the burning of a candle is already being studied under microgravity conditions. A semicircular blue flame is found to result 
under microgravity, in sharp contrast to an oblong two coloured flame observed under gravity of the earth. 

The beginning 
Illuminating artifacts have accompanied mankind 

from the very beginning. First came fire and then its 
utilization in diverse forms.The initiation of the 
evolutionary process of the candle may be considered 
to be the moment humans learned to use fire for their 
benefit. 

The candle may be considered as one of the most 
ancient and most useful forms of illumination. From 
its early beginning it was built of a cylindrical, or near 
cylindrical body of fatty or waxy material, with an 
axial fibrous wick. The quality of the candle depends 
upon the nature of the wick and the combustible 
material, their ratio, and the building of the structure. 
The candle is clearly an evolutionary development of 
the torch, achieved by improving the structure of the 
latter. In the original torch, made of a burning branch, 
the "wick" was extremely large and contained little 
combustible matter. Addition of combustible matter 
and reduction of the overall size led to the present 
construction. According to Warth 1, pricket
candlesticks matter are probably as old as the 
socketed types (3000 BCE). The latter had the 
advantage of saving the drippings from the wax or 
tallow. The link may be considered the first 
evolutionary stage. A link was usually made of rope 
strands soaked in rosin, tar, pitch, asphalt or bitumen, 
depending on the location. The link developed into 
the flambeau, consisting of a core of hemp, soaked in 
rosin and coated with crude beeswax. 

There is very little known about how the candle 
achieved its present form. Archeological findings in 
Egypt include candleholders that have been dated to 
the 4th century BCE. According to Singer2 the first 
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Egyptian candles were made of a lump of tallow, with 
one end pointed for ignition, and pressed around a 
stick for support. Further developments included 
adding a cup at the bottom of the lump to collect the 
wax drippings for additional use, and wrapping the 
lump of wax with narrow bands of hemp of cotton 
around the lump of wax, to keep it in place during the 
burning process. Early Chinese and Japanese candles 
were made with wax derived from insects and seeds 
molded in paper tubes. Wax skimmed from boiling 
cinnamon was the basis of tapers for temple use in 
India. 

Originally the Romans employed instead of 
candles, strands of hemp impregnated in rosin or wax 
and afterwards, strips of rush immersed in rosin and 
covered with wax. As a light to the dead, they used 
the flame produced by the core of reed. It is generally 
accepted that the Romans used this construction to 
develop the wick candle and_ used it to aid travelers at 
dark and lighting homes and places of worship at 
night. According to Pliny (61 B.C.E - 114 C.E), 
candles of flax thread coated with wax and pitch were 
used by both Greeks and Romans for illumination in 
the first century. Waxes were obtained from plants 
such as bayberries, candelilla leaves, candle-tree bark, 
esparto grass (Stipa tenacissima), and various 
varieties of palm leaves such as carnauba and 
ouricury. They were also made of animal tissue and 
secretions, such as spermaceti (whale oil), ambergris, 
and beeswax, from other insects besides bees, and 
also from some trees. 

Sometimes entire animals such as the stormy petrel 
and the candlefish of the Pacific Northwest were 
threaded with a wick and burned as candles; 
archeological findings from the first century CE 
support the idea that Native Americans burned oily 
fish (candlefish) wedged into a forked stick. Tallow 
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candles were made of sheep, cow, or pig fat. All these 
candles were rather crude, time-consuming to make, 
and smoky. 

The first candles seem to have been used in the 
time of the persecution of Christians and may be that 
is the reason for their extensive use in religious 
ceremonies. Early Egyptians as well as the Romans 
relied on tallow, gathered from cattle or sheep suet, as 
the principal ingredient of candles. 

Apuleius, by the end of the 4th century, already 
established the difference between wax and tallow 
candles. Actual replacement of pine branches by 
tallow candles occurred only by the end of the 9th 
century. Highly ornamental candles, highly perfumed, 
appear to have their origin in Persia many centuries 
ago. 

Candle making, can be traced to the 13th century 
when traveling chandelers went door-to-door making 
dipped tapers from their clients' stock of tallow or 
beeswax. Beeswax candles were a marked 
improvement over those made with tallow, they 
burned cleaner, with a nicer odour and did not 
produce a smoky flame, or emit an acrid odour when 
burned. 

The old rush light of England, actually a taper 
rather than a candle, was made by the dipping 
technique. A wick made of crude flax or cotton was 
coated with beeswax or tallow by repeated dipping. 
Its construction is similar to the bugie used in 
continental Europe. Further development led to the 
dip (a tallow candle) and the molds, which were 
candles introduced about the 15th century by the 
Sieur de Brez. In these molds the hard tallow, 
spermaceti, and at a later date, paraffin wax, was cast 
around the wick of the mold. The molds of the Sieur 
de Brez represent the prototype of the modern molds. 

Middles Ages and later 
In the Middle Ages large candles of wax were 

obtained with curls of hemp, by fusion in molds. In 
the 18th century the royal courts made lavish use of 
wax.Tallow candles become common from the 16th 
century. By the 17th century, European governments 
realized the importance of the emerging candle 
industry and dictated regulations controlling their 
weight, size, and cost. The growth of the whaling 
industry in the 18th century, with the corresponding 
increase in spermaceti availability, brought a major 
change in the raw material market. Spermaceti 
candles were known to be essentially odourless, 
harder than tallow and beeswax, and did not bend in 
warm environments. Now that it was available in 

larger quantities and at an attractive price, it became a 
major raw material for making candles. A similar 
parallel development resulted from increased supplies 
of palm oils, brought from the Far East, and 
bituminous shale. In 1831 palm oil candles started to 
be manufactured in England; in 1839 Seligne in Paris, 
and Young in Manchester, obtained candles from 
paraffin ongmating from bituminous shale. 
Competition to the paraffin candle came from the 
Belmont candles (the name was derived from the 
London quarter of Belmont) manufactured from 
paraffin derived from Burmese or Rangoon bitumen 
and from ozokerite. The first European settlers in 
America made candles using the wax rendered by 
boiling the grayish green berries of bayberry bushes. 
A similar technique for obtaining was used by earlier 
missionaries in the southwestern US ; they boiled the 
bark of the candle-tree (Parmentiera cerifera) and 
skimmed the wax. Eventually these processes were 
abandoned because of the work involved and the 
growing availability of other raw materials. 

The main revolution in candles produced from fatty 
materials came from the researches of Michel Eugene 
Chevreul (1786-1889). Chevreul demonstrated that 
fats were compounds of glycerin with fatty acids, and 
that separation of the latter resulted in an excellent 
material for candle manufacture. He patented a 
process for obtaining the fatty acids consisting of two 
distinct stages as follows: 

(a) Transformation of fat into soap using lime or 
other alkali, (b) Decomposition of the soap so 
produced into fatty acids by sulpuric acid. 

In about 1816 Henri Braconnot (1780-1855), a 
French chemist, discovered that fats were actually 
mechanical mixtures of varying proportions of solid 
fats with a liquid fat or oil. The solid and liquid 
phases could be easily separated by pressure filtration 
and the solid fraction could be used for making hard 
candles. In 1818, Braconnot and Simonin, a 
pharmacist of Nancy, put up a factory for 
manufacturing candles from the hard portion of 
tallow, hardened by addition of about twenty per cent 
wax. Unfortunately, this venture was not 
commercially successful. 

Chevreul's experiments on the saponification of 
fats led him to believe that the product could be used 
for manufacturing new and improved candles. Initial 
experiments had shown him that the removal of 
glycerin from fats led to candles that were less greasy 
and had substantially increased hardness and 
illuminating power than those from untreated tallow. 
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Consequently, in 1842, Chevreul and Joseph Louis 
Gay-Lussac jointly financed a factory for the 
manufacture of stearic acid and took two joint patents 
registered one in France3 and another in England4 The 
English patent was under the name of Moses Poole, a 
patent agent who testified that the invention had been 
communicated by a certain foreigner, resident abroad. 
In their patents Chevreul and Gay-Lussac claimed the 
exclusive right to use fatty acids. 

Basically the patented process consisted in 
saponifying the fat and separating the two layers. The 
lower layer contained an aqueous solution of glycerin 
and the upper the salts of oleic, stearic, and palmitic 
acids. The liquid oleic acid was separated from the 
solid acids by pressing through filtering cloth. The 
separation of the products was not so easy in practice 
and the first candles produced by this method were 
greasy and generally unsatisfactory. When the process 
was carried out with soda or potash, the soap was 
decomposed with hydrochloric acid. Separation of the 
sodium or potassium chloride produced was achieved 
by dissolving the fatty acids in alcohol, a very good 
laboratory procedure but not economic on a large 
scale. Chevreul and Gay-Lussac were unable to 
develop an alternative procedure and abandoned their 
rights after spending about 40,000 francs. 

Thus, in the beginning the tallow candle was an 
article of domestic manufacture, made mainly by 
dipping. Residual fat was melted and filtered and then 
cords of cotton or flax fiber, were dipped in it, the 
operation being repeated until the desired thickness 
was attained. The candles thus produced gave a poor 
light, smoked, dripped, and gave off a nasty smell. Up 
to the 18th century the poor qualities of candles were 
not only due to the combustible matter, but also to the 
poor quality of the wick. The wick was made of 
strands of cotton twisted together and staying all the 
time straight up on the center of the candle. Thus 
combustion of the wick took place in the cool center 
of the flame, outside the oxidizing zone, hence it 
burned only partially. The wick accumulated charred 
material that diminished the intensity of the generated 
light and generated smoke. Hence, at frequent times it 
was necessary to cut the tip of the wick. 

Some after Chevreul and Gay-Lussac patented their 
process, the French engineer Jules Cambaceres 
patented a similar process and manufacturing of 
candles in Paris. His candles were not of much better 
quality than those of Chevreul and Gay-Lussac and 
hence did not sell well. The candles had an offensive 
odour and were greasy to touch. Notwithstanding, 

Cambaceres discovered how to improve the wick 
quality to overcome its shortcomings. He found that 
braiding its threads, instead of twisting them, resulted 
in their unwinding and curling over as they burned. 
This brought the threads into the oxidizing region of 
the flame. Cambaceres patented his improved wick in 
1825. 

The manufacture of the plaited wick was 
introduced into England in 1836. The next stage was 
an improvement in the nature of the combustible 
material. In 1840 J. P. Wilson started manufacturing 
candles made from equal parts of stearic acid and 
coconut stearin (composite candles) and having a 
plaited wick. The coconut stearin was prepared from 
palm oil, using Chevreul's process of lime 
saponification. Although the Wilson candles were 
commercially successful, they did not command a 
large part of the market because of their dark color. 

The first commercially successful stearin candles 
were those made by Adolphe de Milly (Demilly) and 
Motard, two Parisian physicians. They bought 
Cambaceres patent in 1828 and further perfected his 
process. They took out patents in their own names in 
1831 and began to manufacture 'bougies de !'Etoile". 
By 1835 de Milly and Motard were producing 25 tons 
of candles per year5

. By 1834 the "bougie stearique" 
had become the most popular candle in France. 
According to a book published in 19036

, the stearin 
candle production in France grew from 60 tons in 
1834, to 2,000 tons in 1844, and to 30,000 ~ons in 
1884. 

de Milly who is considered to be one of the 
founders of soap and candle industry, together with 
Motard learned how to avoid the tendency of stearic 
acid to crystallize and introduced the manufacture of 
stearin candles by molding. de Milly and his son-in
law, Bouis, discovered the saponification of fats at 
high temperature under pressure and in the presence 
of a small amount of lime as a catalyst in an 
autoclave. Use of lime instead of soda or potash 
resulted in a significant decrease in cost. For example, 
de Milly and Motard found that they could saponify 
100 kG of tallow with only 2.5 kG of lime at 300° to 
350°F and at eight atmospheres pressure. De Milly 
discovered that impregnation of the wicks with boric 
acid or ammonium borate resulted in their complete 
combustion 7• 

Further development of French industry for the 
manufacture of fatty acids' candles is based on 
Chevreul's work. In 1829, James Soames of London 
patented a process for separating coconut oil into its 
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solid and liquid constituents by cold pressing. The 
liquid portion was used as lamp oil and the solid one 
for the manufacture of candles. This pressing process 
was made more economical by substituting the 
original canvas filtering cloth with mats made of 
coconut fibre. 

Chevreul and Gay-Lussac in 1825 had considered 
the possibility of using steam to distill fatty acids. 
Their idea remained inactive until 1840 when George 
Gwynne in England patented a process for the 
purification of fatty acids using vacuum distillation. 
His method was never carried out on a large scale. 
The Gwynne process was improved significantly in 
1842-1843 when William C. Jones and George F. 
Wilson (E. Price & Co.) discovered that vacuum 
distillation could be replaced by steam distillation at 
atmospheric or reduced pressure, with the 
corresponding reduction in costs. In addition, it was 
found that it was possible to hydrolyze the fat using 
sulphuric acid, under the proper conditions of 
pressure and temperature. 

Gwynne had also patented a process for 
hydrolyzing fats with sulphuric acid but it failed 
because its implementation required the steam 
distillation of the fatty acids. The advantage of 
Gwynne's hydrolysis process over lime was that it 
required a much smaller amount of sulphuric acid for 
decomposing the lime soap. This advantage was 
minimized when de Milly discovered that if the 
saponification step was conducted in a closed vessel 
under pressure, the amount of lime could be reduced 
to two to four percent per weight, lowering the cost 
significantly. 

In 1853 R. A. Tilgham discovered that fats, mixed 
with water at a sufficiently high temperature and 
pressure, would hydrolyze into free fatty acids and 
glycerin without the aid of any alkali or sulphuric acid 
or other saponifying agent. Two phases were 
obtained, with glycerin and water settling in the 
bottom of the autoclave. In 1854 Tilgham patented his 
process in England and the United States and tried its 
process on an industrial scale by hydrolyzing 
emulsified fats in an autoclave at 200°C and 15 
atmospheres pressure. Eventually Tilgham's process 
lost commercial interest because saponification was 
incomplete and resulted in the partial oxidation of the 
fatty aGids. 

Hence, by the middle of the 19th century two 
industrially feasible hydrolysis processes were 
available in Europe, that of de Milly and Tilgham 
involving a combination of high temperature and 

pressure and the use of a small amount of lime or no 
catalyst, and the open vessel process developed by 
Wilson and Jones in which concentrated sulphuric 
acid, water, and fat were treated with boiling water, 
followed by distillation of the fatty acids with 
superheated steam. 

Another alternative for hydrolysis of fats was based 
on the use of sulphuric acid. In 1836 Edmond Fremy 
(1814-1894) discovered that the melting point of fats 
could be increased if they were first kept cold and 
treated with fifty per cent of their weight of sulphuric 
acid, and then boiled with water. Fremy explained the 
results by assuming that the first stage led to the 
formation of unstable sulphated compounds of fatty 
acids and glycerin, which on subsequent boiling with 
water decomposed into sulphuric acid, fatty acids, and 
glycerin. In 1840 Clark and Gwynne patented a 
process for hydrolyzing cold fatty materials using 
concentrated sulphuric acid. Jones and Wilson 
modified Fremy's procedure and showed that the same 
results could be obtained with only thirty-three 
percent of acid if the fat was heated instead of cooled. 
The Jones and Wilson process became commercial 
immediate! y. 

Jones and Wilson's process included the most 
important improvements in the manufacture of 
candles. Before its implementation fats could only be 
split using alkalies or lime, a process that did not 
improve the colour of many dark coloured and 
offensive fats. The possibility of producing colourless 
hard acids by means of sulphuric acid treatment, 
distillation and pressing, enlarged tremendously the 
pool of raw materials available to the candle 
manufacturer. Up to then it was possible to use only 
high-quality raw materials. With Jones and Wilson's 
inventions the manufacturer was now able to use 
bones and skin fats, fish oils, greases recovered from 
other processes, and, above all, upon palm oil, and 
from each of them obtain a white and odoorless 
material for his candles. The new procedure led to the 
production of high-quality oleic acid (red oil), the 
main component of the available oils and fats. Before 
the advent of Jones and Wilson's invention oleic acid 
could not be separated well from the mineral acid 
used in the saponification process and the impure 
product commanded a very low price. The new 
process yielded an oleic acid of quality, appropriate 
for the oiling of wood. 

Two additional developments occurred on the use 
of oleic acid. First, a cheap source of stearin was 
sought by converting oleic acid to stearic acid 
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containing about forty per cent of hydroxystearic acid. 
A 1905 German patent8 described the production of 
hydroxystearic acid by first treating oleic acid 
dissolved in a petroleum distillate, with cold 
concentrated sulphuric acid to produce sulfostearic 
acid. Further boiling with water transformed the 
sulfostearic acid into hydroxystearic acid and a small 
amount of stearolactone. The sulfostearic acid was 
extracted from the organic layer using petroleum 
naphtha and crystallized by cooling the extract to 
about 2°C. The patent also covered candle 
compositions of paraffin admixed with 
hydroxystearic-stearic acids. The use of 
hydroxystearic acid was superseded by the 
development of commercial processes for 
hydrogenating oleic acid (and other unsaturated fats) 
to stearin . 

The Jones and Wilson procedure was rapidly 
improved. For example, a modification of the 
operating conditions decreased the acid requirement 
from thirty-three percent to three-and-a-half percent. 
Fatty acid distillation was introduced into France in 
18469

• 

Another important result was Wilson's finding that 
glycerin could be steam-distilled without side 
reactions (1855). 

In 1850 James Young patented a process for the 
production of hydrocarbons by the low-temperature 
distillation of coal and in 1859 another process for 
making solid paraffin for candle stock. During 1880-
1885, the increased production of paraffin, both from 
American petroleum and Scottish shale, resulted in its 
general use as candle stock and a considerable 
reduction in the price of candles. Paraffin now was 
obtained by distilling the residues left after crude 
petroleum was refined, the bluish-white wax was 
found to burn cleanly, and with no unpleasant odor. It 
was fortunate that hard and durable stearic acid began 
to be produced simultaneously in commercial 
quantities. It was mixed with paraffin to increase the 
low melting point of the latter. The low melting point 
of paraffin made candles unable to support their own 
weight in warm weather. 

Today, the bulk of the modern candles are made of 
paraffin wax, or of stearin, or mixtures of these. Most 
of the beeswax candles made are for church use. The 
paraffin candle has grown greatly in favor since it was 
introduced; it has a greater illuminating power and 
does not have the pungent and disagreeable odor that 

characterizes the old stearin candle when blown out. 

The Making of a Candle 
A brief description of the raw materials and 

processes used historically for making a candle is 
given below. 

Raw materials for fatty acid manufacture 
Not much is known about the nature and origin of 

the fats and oils used in the early days. Animals were 
probably the first source to be widely used, followed 
by vegetable oils. In the northern regions of Eastern 
Europe and Asia the obvious raw materials were the 
blubber or fat of fishes, birds, whales, and seals, while 
in the Mediterranean it was the vegetable oils. The 
Romans, for example, used olive, castor, linseed, and 
rapeseed oils for their lamps. Petroleum is believed to 
have been used first in Babylon and then in Persia. 

As mentioned above, before the introduction of the 
Jones and Wilson distillation process, it was possible 
to use only the best grades of tallow. The new 
hydrolyzing procedure allowed the use of palm oil, 
dark and inferior oils, greases, and recovered fatty 
products. For example, although palm oil could be 
easily bleached with a potassium dichromate
sulphuric acid solution, alkaline saponification in an 
open or closed digester did not improve its colour or 
odour. On the other hand, acid distillation destroyed 
both the colour and the odour. 

Saponification or hydrolysis 
Under proper conditions fats and oils are 

hydrolyzed to yield fatty acids and glycerol 

C3Hs(OOR)3 + 3H20 = C3Hs(0Hh + 3 R-COOH 

where RCOOH is a fatty acid such as palmitic, 
oleic, and stearic. The reaction proceeds by steps and 
is reversible, the final product consists of two layers, 
the lower one is an aqueous solutions of glycerol, and 
the upper one contains the free fatty acids and 
unconverted fat. To achieve a high degree of 
conversion it is customary to use a large excess of 
water and to replace the lower phase with fresh water. 

The term hydrolysis also includes the similar 
decomposition of the waxes, which are compounds of 
fatty acids with mono or dialcohols. 

The original lime saponification process, as 
discovered and patented by Chevreul and Gay-Lussac, 
was based on the saponification of the fat with lime or 
alkali. Chevreul found that the production of soap 
could be expedited by boiling the fat and alkali 
solution together under pressure. The first autoclave 
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for conducting the process under pressure was devised 
first by Denis Papin (1647-1714) in 1690. It was 
significantly improved by de Milly in 1855 and this 
may be considered the prototype of the modem 
autoclave. 

In the alkali saponification process the stock was 
split into fatty acids mixed with some alkali soap ancl 
sweet water containing glycerin. The sweet water was 
then distilled producing the refined glycerin of 
commerce. The upper layer, containing the fatty acids 
and alkali soap, was hydrolyzed with dilute sulphuric 
acid followed by washing and decantation. The fatty 
acids were fractionated by partial crystallization. The 
melted mixed fatty acids were let to cool slowly in 
shallow tinned or enameled iron trays arranged one 
above the other in racks and filled successively from 
top to bottom. A slow cooling resulted in larger 
crystals of the saturated components (palmitic and 
stearic acids) that could be easily separated from the 
liquid oleic acid by pressing. Oleic acid, commonly 
called red oil, was used as a wood oil and as soap 
stock. 

By the end of the 19th century Twitchell patented a 
new process for hydrolyzing fats 10 using a novel 
catalyst (benzenestearosulfonic acid: Twitchell's 
reagent). The Twitchell process was a batch one 
where the hydrolysis occurred at atmospheric 
pressure. The effectiveness of the Twitchell reagent in 
fat splitting was attributed to its both emulsifying and 
catalytic properties. At the time of its introduction in 
the market, the process was very simple, cheap, easy 
to perform, and lead to very pure products, made it a 
serious competitor of the historical processes 
described above. The initial Twitchell's reagent was 
later replaced by sulphonated petroleum products. 

Candle stock 
Paraffin is a mixture of the solid hydrocarbons of 

the saturated paraffin series C0 H2n+2 and varies within 
somewhat wide limits in its hardness, melting point 
(38° to 60°C) and colour. All paraffins are plastic at 
temperatures below their fusion point and on fusion 
become low viscosity liquids. With a wick they bum 
easily, without they burn with difficulty. Refined 
paraffin is a white or bluish white, translucent waxy 
solid, odourless, tasteless, of crystalline structure, and 
chemically inert. 

Three grades of paraffin are used for candle 
making: (a) scale wax, (b) paraffin wax of 123-125°F 
melting point (ASTM) and, (c) paraffin wax of 128-
l300F, or l33-l35°F melting point (ASTM). The first 
item is used for glasses. The other items are blended 

with stearic acid to produce household candles. 
Stearic acid is added to paraffin wax for hardening the 
candle composition, raising the bending point 
(softening point), and lowering the melting point. 

Household candles are made of paraffin alone, or 
of paraffin admixed with about 15% stearic acid. A 
composite candle may run as high as 30 per cent of 
stearic acid if made for shipment to warm climates. 

The illuminating power of a candle increases 
proportionally to its carbon content; the oxygen in the 
acid group of stearin is of no significant value in 
illuminating power. Weight for weight, paraffin 
candles give almost one and a half time as much light 
as stearin candles. 

Other raw materials used in the manufacture of 
candles include beeswax, spermaceti, ceresin (the 
refined product of ozokerite), Japan wax, carnauba 
wax, and hydrogenated jojoba wax. The waxes are 
solid bodies, lighter than water, having a peculiar 
semi-glistening luster, and melting in the range 125 to 
140°F. They have a composition that varies according 
to their origin, although they are generally esters of 
fatty acids with mono and dialcohols. 

Waxes like beeswax and ceresin cannot be molded 
because of their large contraction on cooling and a 
tendency to stick to the mold. Candles made from this 
type of waxes must be 'dipped'. The dipping apparatus 
consists of a vat containing the melted stock. The 
wicks are first saturated with the melted stock, cooled 
and subsequently dipped and cooled until candles of 
the desired weight are obtained. Candles made from 
microcrystalline petroleum waxes cannot be readily 
molded. They are first formed into strong pliable 
sheets by extrusion under pressure. The sheet material 
is then rolled into candles (rolled candles). 

Preparation of the wick 
As mentioned above, the plaited and pickled wick 

was first introduced by Cambaceres in 1825. Before 
1825, the wicks did not bend over to the outer 
oxidizing region of the flame, were not completely 
consumed, smoked, and required frequent snuffing to 
remove the tar. Historically, wicking has been made 
of the best quality of cotton that is carefully spun so 
that there are no loose fibers or threads. The fibers are 
first bleached with chlorine or hypochlorite, further 
acidified with dilute hydrochloric acid, and then 
washed with water. Afterwards, the wicking is pickled 
by immersing the cotton in a dilute solution of 
mineral salts. The mineral salts comprise borax, 
potassium chloride, or nitrate, ammonium chloride, 
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Fig. !-Candle burning: normal (left), under microgravity (right). 

sulphate, or phosphate. Pickling causes the wick to 
bend in burning, vitrifies the ash, prevents it from 
burning too rapidly and the need for snuffing it. 
The candle 

It has been already mentioned that a candle consists 
of a cylinder of solid, fusible combustible matter 
surrounding an axial wick. The wick induces by 
capillarity the continuous ascent of the surrounding 
material, melted by its heat of combustion. The 
combustible liquid is vapourized and the generated 
gases burn at the top portion of the wick 1

• The main 
characteristics and use of a candle are determined by 
the composition and properties of the combustible 
material (such as melting point, viscosity, and burning 
power) and the structure of the wick. The bending 
point of a candle is the temperature at which a candle 
softens and starts to bend. The difference between the 
softening point and the melting point of a candle is 
about 10 to 20°F. Stearic acid is ordinarily the best 
agent to increase the bending temperature. 

Many materials are used or have been used for 
improving the dripping characteristics of a candle. 
They include (a) hard waxes such as carnauba, 

montan, candelilla; (b) synthetic waxes such as cetyl 
alcohol, oxo molecular waxes, polyethylene wax, etc.; 
(c) stearic acid, palmitic acid, fatty acid amides such 
as stearamide, etc.; (d) high molecular weight ketones 
like stearone, palmitone, etc.; and (e) hydrogenated 
fats and oils like castorwax and jojoba wax 1• 

Candles are usually classified by size according to 
the number of units per pound, clearly this is only a 
qualitative classification. It will vary significantly 
according to the dimensions of any given size. 

The future 
Candle deve1opment and study of its combustion 

have gone a long way since the beginning of human 
history. Today, fascinating experiments are being 
conducted in space to study the behavior of the candle 
flame under conditions of microgravity 11

. In normal 
gravity the candle flame is teardrop shaped due to the 
buoyancy convection created by the hot combustion 
gases. Its central yellow core originates from burning 
solid soot particles as they are carried in the direction 
opposite to gravity. In outer space, the concept of up 
and down is nonexistent, the flame tends to take a 
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spherical shape but the heat lost to the wick quenches 
the lower hemisphere and makes it disappear. No soot 
is generated and the flame is essentially blue. These 
differences are vividly illustrated in Fig .I, taken as 
part of the collaborative research program between 
the NASA space shuttle and the Mir orbiting station 
(courtesy of NASA John H. Glenn Research Center). 

Conclusion 
The development of the candle shows how the 

discovery and invention of apparently unrelated items 
converged to change fire, a natural phenomena, into a 
household artifact that has benefited mankind for 
thousands of years. 
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