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Effect of Different Additives on Burning Efficiency of the Candles
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Abstract: Effect of different additives like wax (polyethylene), stearic acid, calcium stearate, alum, naphthalene
and camphor was studied on the burning efficiency of paraffin-candles. It was found that burning efficiency,
physical strength and smoke producing capacity of candles were influenced by even adding these additives
in very small quantities. Burning rates were calculated while smoke generated during burning and appearances
of the candles were observed physically. The present study can be very helpful in manufacturing economic,
lasting and proficient candles.
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INTRODUCTION Although  gigantic  quantity  of  literature is

Candles  are  very  cheap  and easily available composition  of  candles   but   the   present  work is
sources of artificial light especially in countries where unique in the sense, that it includes the comparative
electricity-sources are less than public demand. Candle is study of the effects, caused by certain additives on the
used, not only as a light source but has traditional use in burning ability of the candles. This information can be
many cultural and religious functions. Candles are also very helpful in making candle with properties of user’s
used to insulate certain parts by dropping molten wax. choice.
Although the battery operated flash lights, replaced the
candles to a greater extent, still candle is an important MATERIALS AND METHODS
source of light in developing countries.

Inspite   of   the   whole   development   in   the Material: Refined petroleum wax (Kunlun, China) with oil
candle-industry, candles primarily available in developing content less than 0.5% was used throughout this work.
countries, has certain problems when they work. Normally As additives, Stearic Acid (Sigma-Aldrich), Oleic acid
used in such countries candles are not from good (Sigma-Aldrich), Alum (Sigma-Aldrich), Naphthalene
strength. Meanwhile, developing countries close hot (Sigma-Aldrich), Camphor (Sigma-Aldrich), PE wax
Asian mostly and African countries, so candles bend or (PERMA Co. Ltd., Iran), Calcium stearate (Sigma-Aldrich)
become soft or gluey during the storage. Also high and Mineral oil (Guangzhou Hanglian Chemical Industry
burning velocity causes significant quantity of wax to get Co., Ltd.) were used in varying proportions according to
wasted by tearing down. This reduces the life of the the scheme.
candle. Another problem with such candles is the smoke
problem (carbon black generation) that causes certain Apparatus: Mild steel mould capable for making three
health effects as well as gets blacks the walls and candles  of  8  inches  simultaneously   is   shown in
especially the roof on longer application of such candles. Figure  1.  The  interior  walls  were   well   polished  to
When the candle is burning, insects specially mosquitoes make separation of candle easy, after solidification.
start to accumulate around light of flame and not only Moreover, interior polished  surface was oiled with
disturb the peoples around but cause worse diseases like mineral oil before use. The  dye  was  warmed  gently
malaria and dingy fever. Therefore, insect repellent before   adding   molten   wax  to   avoid  mottling.
candles are required. Standard    cotton    wick,    capable     of  holding   flame

available in the form of books [1-10] about the
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Fig. 1: Dye used for making candles

gently, was used. All the apparatus used was washed
with  distilled  water  and  dried  in  an   oven   at  105°C
for one hour.

General   Procedure:   Petroleum   wax   was  melted
gently  on  Bunsen  burner  in  250 mL beaker. In the
molten wax, stearic acid was added in different
proportions  (10%  to  30%  with  an interval of 2%) to
make candles of different composition. Candles were
marked and lightened together to observe the difference
in their burning. Burning time of each candle was
calculated in terms min per inch. Flame height was
calculated.  Similarly,  other  additives  PE  wax (1% to
100% with an interval of 1%), Oleic acid (10% to 30% with
an interval of 2%), alum (1% to 10% with an interval of
1%), naphthalene (1% to 10% with an interval of 1%),
Camphor (1% to 10% with an interval of 1%), Calcium
stearate (1% to 10% with an interval of 1%) are added step
by step and their corresponding effect on burning rate
were observed.

RESULTS AND DISCUSSION

Effect of various additives like PE wax, stearic acid,
calcium stearate, alum, naphthalene, camphor and others
on  the  burning  power of wax candles was investigated.
It  was  found  that  burning  ability,  physical  strength
and smoke producing capacity of candles, was
significantly  affected  by  adding  these  additives even
in minute quantities. Effects of different additives are
discussed as under.

Fig. 2: Effect of stearic and oleic acid

Fig. 3: Effect of PE wax

Effect of Stearic and Oleic Acid: Effect of stearic and
oleic acid is shown in Figure 2. As it is clear in the figure,
combustion time increases as the percent stearic and oleic
acid increases in the final composition of candle.
Maximum time for stearic acid and oleic acid was 28 min
per inch and 23 min per inch, respectively, however, after
that, it began to decrease. This can be attributed to the
fact that stearic acid and oleic acid increases the melting
point of the wax up to certain limit and wax, instead of
dropping down due to incomplete combustion, start to
burn completely. But by a certain point, melting point of
wax become so high that candle starts to weep. The effect
is marked in case of steric acid, compared to oleic. Opacity
of the candle also increases by either adding stearic of
oleic acid; however, oleic acid also imparts yellowish color
to the candle.

Effect of PE Wax: Effect of PE wax is shown in Figure 3.
Burn time increases as the percent PE wax increases up to
2%  in  the  final composition of candle and maximum time
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Fig. 4: Effect   of   alum,   naphthalene,   camphor   and
calcium stearate 1. Vanessa, A., 2004. Candle-making for the first time.

was 26 min per inch, but afterwards, it starts to decrease 2. Brooks, D.M., 2004. Cut and Carve Candles: Beautiful
quickly and 100% PE wax burns for just 11 min per inch. Candles to Dip, Carve, Twist and Curl. Lark Books
PE wax increases the melting point of the wax quickly but Publishers, Asheville, NC.
after 2%, melting point of wax become so high that candle 3. Ebeling, E. A. Wycheck and S. Ham, 2002. Basic
starts to weep. PE wax also effects the color of the candle, Candle Making: All the Skills and Tools You Need to
imparts whitish and plastic like look to the candle and Get Started. Stackpole Books, Mechanicsburg, PA.
candle becomes more hard as the concentration of PE wax 4. Lee, S., 1999. Encyclopedia Of Candlemaking
increases. The flame size reduces as the wick cannot hold Techniques: A Step-by-step Visual Directory.
flame with this much high temperature and becomes ash. Running Press Book Publishers, Philadelphia, PA.

Effect of Naphthalene, Camphor, Alum and Calcium Guptill Publications, New York.
Stearate: Effect of naphthalene, camphor, alum and 6. Elliot, M. and D. Civil, 1998. Candles: Over 20 Projects
calcium stearate is shown in Figure 4. Combustion time for Making and Displaying Candles. Lorenz
increases as the percentage of naphthalene, camphor, Publishers, England.
alum and calcium stearate increases in the final 7. Westland, P., 1995. Candles. Sunset Publishing
composition of candle. Maximum time was 28 min per inch Corporation, Menlo Park, Canada.
for 3% naphthalene and camphor, 24 and 25 min per inch 8. Westland, P., 1995. Candles. RD Press, Sydney.
for 2% alum and calcium stearate, however, later on, it 9. Faraday, M., 1861. A Course of Six Lectures on
starts to decrease. Naphthalene and camphor are good Chemical History of Candles. Harper and Brothers
also in the sense that they produce characteristic odor Publisher, New York.
that makes candle, insect repellent. But with increasing 10. Ronalds, E. and T. Richardson, 1855. Illuminating
percentage, the smell becomes teasing particularly at or Power of Candles, Chemical Technology, Second
above 8%. Edition. H. Bailiere Publisher, London.

CONCLUSION

From the present study, it can be concluded that
various additives like PE wax, stearic acid, calcium
stearate, alum, naphthalene, camphor and others control
the burn rate of candle by changing its melting point. All
of them have raised the melting point of candle whereas
stearic acid, PE wax, camphor and naphthalene have more
pronounced effect due to their good miscibility with wax.
But by certain point, melting point becomes high, so that
makes it difficult for the wick to hold flame of this much
high temperature and it turns into ash, causing incomplete
burning.
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