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Regeneration of Sodium Carbonate using Solar Energy Research Plan Revised 

Rationale: Greenhouse gases in the atmosphere have been becoming a major issue today. 

One of these greenhouses gases include carbon dioxide. There are several methods to remove 

carbon dioxide, however, many require a lot of energy to do so. One cycle that can be utilized is 

the sodium carbonate cycle: 𝑁𝑎2𝐶𝑂3 + 𝐶𝑂2 + 𝐻2𝑂 ↔ 2𝑁𝑎𝐻𝐶𝑂3. A sodium carbonate solution 

can be used to capture carbon dioxide, and sodium bicarbonate precipitate is formed. The sodium 

bicarbonate can be decomposed to form sodium carbonate, water, and carbon dioxide by heating 

it to 100-200°C. In some methods, electricity from a powerplant is used to produce this heat. In 

other methods, electricity from renewable sources are used. While these methods can produce 

heat energy, the sun also provides the Earth with heat energy too. 

Engineering goal: Use the energy from the sun to directly heat solid sodium bicarbonate 

to a temperature where the sodium bicarbonate will be able to decompose to form sodium 

carbonate, carbon dioxide, and water. 

Expected outcome: The sodium bicarbonate will decompose to form solid sodium 

carbonate, carbon dioxide gas, and water vapor. 

Procedure: Before the actual experiment is done, smaller-scale testing will be done to 

help grasp the concepts and to help determine techniques that will help maximize the amount of 

heat generated. The smaller scale testing will be done indoors. The source of light will be a light 

bulb not exceeding 300 watts placed inside a metal-shade lamp. A small plastic or glass 



container will be filled with tap water to be heated by the light. A Fresnel lens, not exceeding 

900 centimeters squared, will be placed between the light and the container with the focal point 

in the water. Different iterations will be done such as replacing the water with sodium 

bicarbonate or coating the sides of the container in a black layer. The temperature of the 

substance in the container will be measured on thirty second intervals.  

For the actual experiments outside with the sun as the light source, 50 grams of sodium 

bicarbonate will be put in a glass bowl. A Fresnel lens, not exceeding 0.5 meters squared, will be 

put in between the sodium bicarbonate and the sun with the focal point on the sodium 

bicarbonate. The temperature of the sodium bicarbonate will be measured at thirty second 

intervals with an infrared thermometer. After ten minutes, the lens will be removed, and the 

product, sodium carbonate, will be left to cool. The experiment will be reset, and the test will be 

repeated nine more times with the same amount of sodium bicarbonate. After each set of ten 

tests, the starting amount of sodium bicarbonate will increase by 50 grams. 

Data analysis: The temperature of the sodium bicarbonate at thirty second intervals will 

be recorded. The mass of the sodium bicarbonate will be recorded before a test, and the mass of 

the product will be recorded after a test. The mass of the product will be compared to the 

predicted mass of the sodium carbonate to determine how much sodium carbonate was formed. 

Additionally, a titration will also be performed with a 0.1 M solution of hydrochloric acid to 

determine the amount of sodium carbonate formed. Paired t-tests will be done to analyze the 

data. 

Risk and safety: The main risk of this project is the use of concentrated heat from the 

Fresnel lens. For the smaller-scale testing, the heat source will be a light bulb not exceeding 300 

watts, and the Fresnel lens will not exceed 900 centimeters squared in area. Because testing is 



done indoors, extra caution will be taken to decrease the fire hazard. The shade on the lamp will 

be metal, and the wattage of the bulb will not exceed the wattage posted on the lamp. The 

Fresnel lens will not be left unattended when it is in front of the light. Extra caution will be taken 

to make sure that the focal point of the Fresnel lens is never on any surface except for the 

substance being heated. If the substance exceeds a temperature of 100°C, the experiment will 

end, and the light will be shut off. No materials will be touched until it has cooled to below 38°C. 

The testing area will be clear of any clutter. A fire extinguisher and bucket of water will be 

nearby. 

To minimize the risk of fire in the actual experiments outdoors, all tests will be done on 

pavement in an open area at least five meters away from structures, trees, and bushes. Testing 

will not be conducted on days with wind excess of 30 kph. The testing area will be cleared of any 

debris, snow, or ice and inspected for oil or other flammable material before testing begins. 

There will be a fire extinguisher, bucket of water, and maybe snow located nearby in case of fire. 

During experimentation, all persons will be at least 0.5 meters away from the area under the lens. 

The lens will be kept in the shade or parallel to the rays of the sun when not in use to prevent 

accidental fires. When the lens is outside, it will not be left unattended. During and after testing, 

the temperature of materials under the lens will not be touched until it has cooled to below 38°C. 

A infrared thermometer will be used to confirm the temperatures of objects. All loose sheets of 

paper will be kept on a clipboard to prevent it from being blown into the lens area. If any 

unauthorized objects enter the lens area while testing, the Fresnel lens will immediately be 

secured from starting a fire before removing the unauthorized objects. 

In addition to fire, chemicals will be involved in this project. The reactant, sodium 

bicarbonate, will be bought from the supermarket and stored in its original container in an 



approximately 20°C room. The sodium bicarbonate will remain solid while conducting the 

experiment. The expected products of the reaction are water vapor, carbon dioxide, and sodium 

carbonate. The water vapor and carbon dioxide will have mixed into the air after the sodium 

bicarbonate decomposes, leaving the sodium carbonate. The sodium carbonate will be left to 

cool below 38°C before being analyzed and disposed of in a wastebasket. If the sodium 

bicarbonate/carbonate is spilled, the Fresnel lens will be secured from starting a fire before the 

spilled material is swept with a broom and pan and disposed of in a wastebasket. During 

experimentation, long sleeves, closed-toed shoes, and sunglasses will be worn to protect the skin 

from stray particles and the eyes from the bright light. 

A 0.1 M solution of hydrochloric acid will be used to perform a titration on the sodium 

carbonate. Due to the corrosive nature of hydrochloric acid, splash goggles, an apron, long-

sleeved clothing, and closed-toed shoes will be worn. If spilled, the hydrochloric acid will be 

diluted with water, and the surfaced will be dried with paper towels before being put in the 

wastebasket. The hydrochloric acid will be stored in a dry, tight container in a cool room. 

Discussion of results and conclusion: If 240 grams of sodium carbonate can be 

produced in ten minutes, then the experiment will be considered successful. Theoretically, if 

there is 380 grams of sodium bicarbonate, about 240 grams of sodium carbonate is produced and 

100 grams of carbon dioxide can be stored. If successful, the process used to regenerate sodium 

carbonate can be incorporated into the cycle that uses sodium carbonate to capture carbon 

dioxide. The amount of energy needed to be produced by power plants to run the carbon capture 

cycle would be reduced, which could also reduce the cost to run it. If the cost is low enough, a 

large amount of carbon capture devices could be manufactured and placed around the world, 

especially in places that receive a lot of sunlight each year if the method in this project is used. 



With carbon capture devices being commonplace, it may be possible to achieve negative carbon 

emissions. 
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