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Abstract:

Paraffin wax burned cleanly, burn brighter and was less expensive to produce
than other candle fuels, it represented a significant advancement in the candle-
making industry. However, since paraffin wax melts easily, most candles
manufactured with it are fragile. Many experiments and techniques have shown
that stearic acid and paraffin wax could work well together to produce long-
lasting candles. This study examines how the proportion of stearic acid added
to paraffin wax candles affects the candles' ability to burn efficiently. Few
paraffin waxes candles that are, 5%, 10%, and 15% were made in accordance
with the various stearic acid percentages. Result shows that, the largest
percentage of stearic acid results in the lowest burning rate of 0.00135 cm s™1,
It was found that the added additive affected the candles' efficiency of burning
after monitoring the burning rate. The findings of this study may be very useful
in the production of low-cost, long-lasting candles.
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Introduction

The raw materials used to make paraffin wax are fossil crude oil and alkanes, which are waxy
solids at room temperature (Rasmussen et al., 2021). Paraffin, stearin, and beeswax are the
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three main ingredients used in the production of candles. The complex mixture of hydrocarbons
that makes up paraffin, which is extracted from mineral oil (Aisyah et al., 2020). Candle
manufacturing uses a highly refined paraffin that is obtained through filtration, de-oiling, and
hydrogenation (Brans et al., 2020). Paraffin is the most appropriate of them for use in all
candle-making procedures. Paraffin candles are a more cost-effective solution due to the
availability and adaptability of paraffin wax, especially when purchased in large quantities.
The best candle in terms of longevity can only be produced by finding the ideal method for
creating paraffin wax candles (Kasprzok et al., 2021). According to Furlong, soy wax candles
produced the shortest flames, beeswax candles produced flames of an intermediate length, and
paraffin wax candles produced the longest flames.

Considering earlier research, the addition of stearic acid was studied where the highest-quality
candles are made from spent cooking oil, which is the product of the adsorption of activated
carbon and stearin (Anthony et al., 2005; Jamilatun et al., 2022). Hydrolysis of typical animal
or vegetable fats and oils yields stearic acid. Solid saturated fatty acids and liquid unsaturated
fatty acids are separated by pressing techniques. The chemical grades of stearic acid are then
obtained by fractionating the crude stearic acid. The various grades are based on how many
times stearic acid is pressed (Danh et al., 2020). The manufacture of candles is among the
industries that uses stearic acid the most. It helps in the production of volatile and pillar candles
with extended burn times. Based on previous study by Liu, stearic acid is considerably
increasing the hardness of waste cooking oil (WCOQ)-based wax. Stearic acid, as previously
mentioned, adds to the hardness of candles, increasing their durability, lowering their
likelihood of breaking or crumbling and increases the longevity of the candles (Feng et al.,
2019; Khan et al., 2019; Udoh et al., 2021; Rezaei et al., 2022).

Researchers will profit from this study since it will enable them to produce long-burning
candles, which industrials would choose to purchase over short-burning candles. One of the
drawbacks of paraffin wax is it has low melting point. Paraffin candles soften due to their low
relative melting points; as a result, it was difficult for them to maintain their shape while
burning and the burning rate is high. In order to harden the candle and reduce the rate of
burning, it is necessary to identify the type of additive that is used with paraffin. A candle with
too much stearic acid may be difficult to light and may tunnel; conversely, a candle with too
little stearic acid may burn unevenly and fail to release scent. Knowing how much stearic acid
is required to make the greatest candle is therefore ideal. The quantity of additive utilized has
not been the subject of much research. The study's goal is to create paraffin wax candles with
different amounts of stearic acid ingredient. Thus, the purpose of the study is to make paraffin
wax candles using varying proportions of stearic acid additive. Additionally, the impact of the
candle's burning efficiency is then being examined.

Materials and Method

This research method involves three main steps. The process for making paraffin wax candles
is the initial phase. Additionally, the measurement of the candles' height, mass, and burning
rate is provided in the second phase. Following the completion of the research, the final step
focusses on gathering and analyzing data from the candles.

Preparation of Control Sample

A laboratory balance is used to weigh 10 g of paraffin wax, as shown in Figure 1. After that,
the wax was gradually melted in a 250 ml beaker over a hot plate using a double boiler. It was
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then periodically stirred with a spatula set to a temperature range of 100 °C to guarantee even
melting. To cool it down, the beaker was taken off the heat source and it was stirred a few
minutes. Next, as illustrated in Figure 2, the wick is inserted into the mould and the molten
paraffin wax is poured within.

Addition of Different Percentage of Stearic Acid

Different weight percentages of stearic acid; 0.5 g (5%), 1.0 g (10%), and 1.5 g (15%) were
used to repeat the experiments. After removing the beaker from the heat source, it is agitated
until the temperature falls to between 55 and 70 °C, which is the point at which stearic acid
begins to solidify once more. The prepared paraffin candles were allowed to dry for 24 hours
at 25 °C.

Figure 1: 10 g of Paraffin Wax

=T .

Figure 2: Candle Wick is Placed and Melted Wax is Poured into the Mould
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Measurement of Candles

The candles are burned simultaneously for a duration of 1020 s as shown in Figure 3 and the
variation in burning was noted. After that, the candles' final height is measured, and Equation
1 is used to determine the candles' rate of burning.

height (cm)
time (s)

Burning rate = Equation 1

Figure 3: Candle Burning Process is Recorded for a Duration of 1020 s

Results and Discussion
In order to quantify the impact of an independent variable on a dependent variable, researchers

use the experiment technique, which involves controlling or manipulating the independent
variable.

NO@® 440 |

Figure 4: Candle Initial Height is Measured Using Vernier Calliper
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Effect of Different Percentage of Stearic Acid on Burning Rate of Candle

The candles' height was measured before and after the burning process as shown in Figure 4
using a vernier caliper, the height and mass of the completed candles were determined while
the burning rate was computed.

Table 1: Initial Height, Final Height and Percentage Difference of Candle
Candle Initial height (cm) Final height (cm)  Percentage Difference (%0)

1 5.02 3.33 33.7
2 5.02 3.43 31.7
3 5.02 3.54 29.5
4 5.02 3.64 27.5

Drawing conclusions from Table 1, it can be stated that the candle with the highest percentage
of stearic acid, 15% has the lowest percentage difference in height which is 7.5%. Meanwhile
the candle with the lowest percentage of stearic acid, 0% has the highest 33.7%. This suggests
that when more stearic acid is added, the candles melt more slowly and the height difference
between them reduces.

Table 2: Percentage of Stearic Acid and the Burning Rate of Candle
Candle Percentage of Stearic Acid (%) Burning Rate of Candle (cm s™)

1 0 0.00166
2 5 0.00156
3 10 0.00145
4 15 0.00135

The burning rate of candles with varying percentages of stearic acid used is shown in Table 2.
In the meantime, Figure 5 depicts a graph with a decreasing burning rate, with 0.00166 cm s
at the highest rate and 0.00135 cm s™* at the lowest. Equation 1 is used to compute the candle's
burning rate. It may be used to determine that a larger proportion of stearic acid results in a
lower burning rate, meaning that as stearic acid is added to paraffin wax, the candle will burn
for a longer period of time. Rislianti reported that the candle burns longer and has a more
consistent, long-lasting flame when more stearic acid is added to the paraffin wax.
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Figure 5: Burning Rate of Candle Versus the Percentage Amount of Stearic Acid

Conclusion

This investigation involved producing candles with varying percentages of stearic acid and
observing the results. The findings demonstrated that the stearic acid ingredient, which is added
to candles, modifies the melting point of the wax, hence controlling the pace of burn. At 15%,
the largest percentage of stearic acid results in the lowest burning rate of 0.00135 cm s2,
whereas at 0%, the highest burning rate is 0.00166 cm s*. As a result, it was possible to
ascertain how stearic acid affected the candle; the more stearic acid added to paraffin wax, the
slower the candle burned. It is possible to find out if the dye in the candles will affect how
efficiently they burn, so it is highly recommended that this experiment be repeated in the future
with scent and colour added.
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