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Candle Observations

Introduction:   The purpose of this activity is to observe and record the properties of a candle flame. We hope to learn how to make good observations and how to ask good questions.  
Background:  Observations are the foundation of all science.  The reliance on observation is what has made science so successful.  It is at the heart of why science has transformed life and civilization.
One of the goals of this experiment is to practice observing using the habits of scientists.  As well, many people confuse observations with conclusions.  In a scientific investigation, we collect data by making both qualitative and quantitative observations.  Once we have finished our data collection we can do calculations and draw conclusions.

In the winter of 1859, Michael Faraday, a famous English scientist gave several lectures centered around the chemistry and physics of a candle! Faraday would tell his listeners: 


There is not a law under which any part of this universe is governed which does not come into play and is touched upon in these phenomena. There is no better, there is no more open door by which you can enter into the study of natural philosophy than by considering the phenomena of a candle.

He would then proceed and set out to prove his point by lighting a candle and demonstrating all the processes involved. Faraday made over 60 observations of a burning candle.  These observations were both qualitative and quantitative.  We will attempt to duplicate what Mr. Faraday demonstrated more than a century ago. In so doing, I hope you will develop your power of observation and sharpen some of your experimental skills to help prepare you for the more concentrated in-lab experiments you will be challenged with later on in this course. 
Directions:

· Use the two column observation worksheet to record your observations and write out your questions.

· On the right side of your paper, make as many observations as you can for your candle: before it is lit (≈5 minutes), while it is burning (≈10-15 minutes), and after it goes out (≈5 minutes).

· Draw and label your observations of the candle as well.

· Share your observations and questions with the class and have a discussion before you complete the rest of this lab.

· Record any questions you may have on the left side of the page.
	Questions
	Observations

	
	Unlit Candle

	
	Lit Candle



	Questions
	Observations

	
	Lit Candle (continued)



	
	Blown Out Candle


Analysis: On a separate sheet of paper answer the following using complete sentences.

1. Give an example of a physical change that you observed.

2. Give an example of a chemical change that you observed.

3. Did the size of the candle change over time? Why/Why not?

4. Why is it important to record every observation that you make?
Conclusion: Write 3 to 5 sentence about what you learned from this activity.

How Does a Candle Burn?
Available:  General Wax & Candles Company  -  http://www.generalwax.com/candle-making/about-candle-burn.php


An interesting thing about a candle is that it is a very good example of the four states of matter. The four states of matter are Solid, Liquid, Gas, and Plasma. Wax, the fuel source of a candle goes through all four of these states of matter.

Let's see what happens when we light a candle. We need a catalyst to start the whole thing going, so we touch a flame to the end of the wick. At first the wick itself starts to burn. The flame creeps down the sides of the wick and usually diminishes until it touches the wax. This is when the mechanism starts to work. The heat from the flame melts the wax surrounding the base of the wick directly beneath it. By the principle of capillary action the melted wax is drawn into the wick providing fuel for the flame which bursts to life.

The candle continues to burn through an ongoing cycle. Wax in a solid state of matter is melted by the heat of the flame and converts it to a liquid state of matter. The liquid wax is drawn up to the tip of the wick inside the flame. At this stage the liquid wax is heated even more and it vaporizes changing into a gaseous state of matter. The gaseous wax enters the combustion area of the flame and is converted to energy. The energy conversion gives off heat, which melts more of the solid wax. The cycle repeats itself until the wick no longer functions due to consumption or lack of fuel for the flame.

[image: image1.png]HEAT 1000" C

water vapour
carbon dioxide (CO3)
‘glowing carbon particies

burning carbon monoxide

gaslike vapour
uses oxygen (O2)
for burning

capillary action,

in wick tiquid wax.

solid wax





The History of Candle Making
Available:  The Candlewic Company  -  http://www.candlewic.com/candlemaking-history.asp
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Candles have been used for thousands of years and up until the early 1900s they were the single source for artificial light. Candles also have a rich tradition in religious services in many faiths through-out history. Today, the candle is no longer the single source of light but is used abundantly in religious services as well as in birthday celebrations, holidays, and home decorations. 

Originally, candles were made from tallow, which was extracted from cattle and sheep, in the early Egyptian and Roman times. These early candles burned poorly and probably smelled even worse. The Roman Empire was the first to provide evidence of a candle that resembles the candle today. They melted the tallow until it was a liquid and poured it over fibers of flax, hemp, and/or cotton, which were used as a wick. These candles were used in religious ceremonies as well as lighting for their travel and homes.

During the Middle Ages candles became more prevalent in worship. It was at this time that beeswax was used to make candles. These beeswax candles were made much like the Romans made their candles with tallow. Beeswax was a drastic improvement from the tallow, but limited quantities were available, which made it expensive limiting it to clergy and the upper class.
In colonial America the early settlers discovered that they were able to obtain a very appeasing wax by boiling the berries from the bay-berry shrub. This wax created a very sweet smelling and good burning candle; however the process of making the bayberry wax was very tedious and tiresome. 
In the 18th century the whaling industry thrived and as a result, whale oil was available in large quantities. Spermaceti wax was derived from the whale oil and was used as a replacement for tallow, beeswax, and bayberry wax. The spermaceti wax candle did emit a rather unpleasant smell but the wax was hard enough to hold shape in the hot summer months.

The 19th century was a defining time for the candles and candle making. The first patented candle making machines were introduced. This breakthrough allowed candles to reach the homes of all classes. It was also right around this same time that a chemist named Michael Eugene Chevreul identified for the first time that tallow or animal fat consisted of various fatty acids. One of the fatty acids he identified was stearine (stearic acid). In 1825, Chevreul and another chemist named Joseph Gay Lussac patented a process for candle making from crude stearic. This process drastically improved the quality of candles.

The braided wick was also invented in the 19th century. Wicks before this time were made simply of twisted strands of cotton, which burned very poorly and needed constant maintenance. The braided wick was tightly plaited and a portion of the wick curled over and enabled it to be completely consumed.

It was in the middle of the 19th century that paraffin wax was first used in a candle in Battersea, UK. This led to the commercial production of paraffin, which is an oil distillate. Paraffin burned clean, bright and without an odor. The paraffin was also blended with stearic acid, which hardened the wax and created a superior and cheaper candle.

Today the candle market offers candle lovers a wide variety of candles produced from a wide variety of waxes: paraffin, vegetable waxes, beeswaxes and the newest trend of gel waxes. These candles are offered in a myriad of colors, shapes, designs and fragrances. Candles are no longer the sole source of light but they are desired for their ambience, home decoration and fragrance.
How Does a Candle Work?
By Dale Devries
Available: http://www.ehow.com/how-does_4566281_a-candle-work.html
The Fuel
The fuel to make a candle burn is the paraffin wax itself. Paraffin actually comes from crude oil and can combust and burn by itself, if heated, to about 380 degrees. For this reason, when making candles you should always use a double boiler and a candle or candy thermometer. Paraffin burns very hot; however, when it comes to candles, paraffin is very safe because only the little bit of liquid wax in the wick gets hot enough to burn.

The Wick
Candle wicks are made of a soft absorbent twine. The absorbency is important, because the wick needs to pull liquid wax up to be heated by the flame. You will notice that the wick will burn down until there is a pool of liquid wax around it. At this point it starts to absorb the liquid wax and the process ends up cooling the wick. It won't completely burn up until it needs to move down to reach more liquid wax. 

The Process
The starting point to burn a candle is to light the wick. The flame then melts the wax on the wick and a small pool around the wick. Then the wick absorbs the liquid wax and pulls it up to the flame. It is heated even more by the flame and turns into a vapor. It is actually the vapor that burns. As the vapor burns, the flame needs more fuel and the wick continuously pulls up more liquid wax for the flame to heat. As the cycle continues and more wax is vaporized, the size of the candle shrinks until there is not enough fuel left to keep the candle burning. 
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