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Paraffin wax is derived from petrochemicals, which release harmful
substances when burned as candles. Beeswax serves as a natural and
renewable alternative for making candles, offering cleaner burning
that is safe for humans. The beeswax was mixed with virgin coconut
oil (VCO) of 0 wt% to 55 wt% by weight at a temperature ranging
from 75 °C to 85 °C. The resulting mixture was then cooled down in
a glass container that had a wick installed. The wick was then
burned to assess the candle's performance. Beeswax candles have the
slowest burning rate compared to other candles on the market. The
best mixing temperature for melting and blending both materials
without altering composition is 75 °C. Additionally, the
incorporation of VCO in beeswax candle production can enhance
performance by up to 35.4 % due to the reduction of the melting
point, which increases the diffusion of wax into the wick.
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1. INTRODUCTION

viability [1]. While candles were initially used
for light and heat, as technology became more

Candles were invented by ancient Romans back
in 3000 B.C. using a wick that was dipped into
melted tallow until the desired thickness was
achieved, known as the dipping method. The
candle-making process advanced in the 18th
century when high-quality wax from sperm
whale oil (spermaceti) was used during the
whaling industry era. In 1850, James Young
developed paraffin wax, which replaced
spermaceti and led to the mass production of
candles due to its high quality and commercial
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accessible, their function shifted to being used
in celebrations, relaxation, and ceremonies.
Candles can create a pleasant environment, and
their light provides better protection to the
retina than incandescent light bulbs,
fluorescent lamps, and warm-light light
emitting diodes [2].

The energy source for candles is wax. When
pure wax candles burn, they release a high
density of ultrafine particles, up to 241,000
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particles/cm3, which can affect the air quality
in homes [3]. These particles, which account for
65% of indoor pollutants, are the result of
various activities including cooking [4,5]. The
main component of these particles is carbon
dioxide (CO2), which is a harmful pollutant but
can be mitigated with a good ventilation
system. In addition, there are trace amounts of
acrolein, naphthalene, acetaldehyde, and
formaldehyde present in the air from burning
candles, which can cause various health
complications and nuisances [3,5]. It's worth
noting that 85% of the raw materials used to
produce candles is paraffin wax [1,6].

The combustion of paraffin wax candles can
produce hazardous substances such as alkenes,
benzene, and toluene, which can pose a threat
to human health [5,7]. Katsumi et al. (2016)
found that prolonged inhalation of vaporized
paraffin from burned candles can lead to lipoid
pneumonia, which is similar to the condition
observed in individuals using a spray lubricant
as a liniment [8]. As a precautionary measure,
it is advisable to opt for candles made from
natural materials such as soy wax and beeswax,
while avoiding low-quality candles and those
made from paraffin or artificial materials [7,9].
It is worth noting that although soy wax
produces cleaner-burning candles and is
renewable and biodegradable, it can also
generate acrolein, a toxic substance that can
irritate the eyes and affect the respiratory
system of both humans and animals [2,10,11].
On the other hand, beeswax candles are known
for producing minimal smoke and odour and
have the slowest burning rate compared to
paraffin wax and soy wax due to the long chain
wax ester they contain [2,11,12].

Coconut oil is a vegetable oil that can be used as
fuel to replace diesel but the problem arises
from its high viscosity because it contains fatty
acid and glycerol [13]. The high viscosity can
slow down the combustion process because of
the slowed down of the fluid [14]. During
combustion, the fatty acids are burned before
glycerol. The fatty acid tends to produce
separate flames of different boiling points. The
process energy released from glycerol needs a
high rate of combustion process and tends to
slow the flame propagation [13]. The current
study aims to assess the VCO as the
performance-enhancer for beeswax candles.

2. EXPERIMENTAL PROCEDURES
2.1 Materials

Beeswax, VCO, and cotton wick. All materials
were Kkept in a desiccator and used as received
without any additional purification.

2.2 Candle Preparation

Approximately 100 g of beeswax was melted in
water bath at 65 °C for 20 minutes. VCO (0 -115g)
was added to melted beeswax and stirred at 65 °C to
85°C until its well-mixed before it was poured into a
glass container (5 cm x 5 cm x 3.5 cm) with a wick (a
cotton strip with a metal disk connected to one-end)
held in the center. The candle was left for 6 hours at
room temperature for the candle to be hardened.
The candle's performances were tested by burning
the candle completely in a closed environment
under normal conditions. All experimental were
repeated twice to ensure the reproducibility.

3. RESULTS AND DISCUSSION
3.1 Effect of Mixing Temperature

The beeswax consists of esters (71%),
hydrocarbons (15%), free acids (8%), and other
compounds (6%). These properties are altered
when the wax is overheated or heated for a
prolonged period, leading to degradation and loss of
ester [15-17]. When mixing VCO with beeswax, the
solid wax needs to be melted before being combined
with VCO. The different mixing temperatures of VCO
with beeswax are presented in Fig. 1, showing that
the burning rate of the candles is not affected by
mixing temperatures below 75°C. Higher mixing
temperatures can reduce mixing time, but the
candles burn faster due to the formation of surface
foam from rapid heating of the materials [18].
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Fig. 1. Effect of mixing temperature of 40 wt% of VCO
with beeswax between 65 °C to 85°C.

83



M. Y. A. Mohd Nizara and M. R. Kamaruzaman, Journal of Sustainable Development Innovations Vol. 01, Iss. 2 (2024) 82-85

3.2 Effect of VCO Loading

The combustion of candles depends on several
parameters, including the fuel, amount of air, and
volume of released combustion gas. The fuel for
the candle is a mixture of beeswax and VCO, which
liquefies when the wick is burned and is moved by
capillary action towards the wick's surface, where
evaporation occurs. The evaporation near the
wick's surface creates a saturation gradient that is
sustained by the liquid capillary motion, resulting
in a self-sustaining flame [19,20]. During
combustion, the wick's surface is exposed to air,
and particulate matter and gaseous products are
released. Soot is produced when there is a lack of
air [19]. Fig. 2 shows that increasing the VCO
loading can improve the candle's performance by
up to 34.5%. The slows down of the burning rate
because VCO reduces the beeswax's melting point,
resulting in increased diffusion of liquid fuel into
the wick [21]. The candle's wick is also observed
to maintain a steady length, indicating that the
candle is consumed slowly [20]. However, after a
50 wt% of VCO loading, the burning rate has not
changed significantly, but the candle becomes too
soft which cannot maintain the shape.
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Fig. 2. Performance of candle with varying VCO from
0 wt% to 55 wt%.

4. CONCLUSION

The candle made from beeswax burns cleanly
without emitting any harmful gases. The
temperature at which VCO is mixed with beeswax
can impact the candle's performance by altering
the wax's composition. The optimal mixing
temperature is 75°C, as it reduces the time
required for melting and blending without
compromising the candle's performance.
Additionally, adding VCO can improve the
candle's performance by up to 35.4% by slowing
down its burning rate.
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