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Mass-Mass Calculations II

CSCOPE Unit 08 Lesson 01 Day 6

The Mathematics of the Carbon Dioxide Scrubber

Vocabulary

	Balanced chemical equation
	
	a chemical equation in which total mass, total charge, and the number of each type of atoms are the same on both sides

	
	
	

	Bar
	
	used to separate conversion factors in the big, long line

	
	
	

	Big, long line
	
	uses a long horizontal line and one or more vertical lines to set up and solve problems involving one or more unit conversions

	
	
	

	Conversion factor
	
	a ratio of equivalent measurements used to convert a quantity from one unit to another.

	
	
	

	Map
	
	an approach to problem solving that sets up a step-by-step path from the given unit to the requested unit with each step separated by an arrow

	
	
	

	Mass-mass calculations
	
	the process of calculating the mass of one substance that will result from the reaction of a given mass of another substance or be required to react with a given mass of another substance

	
	
	

	Mole ratios
	
	a ratio that relates the moles of one substance to the moles of another substance, the numbers come from the coefficients of the balanced equation

	
	
	

	Stoichiometry
	
	the calculation of quantities in chemical reactions
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	Diagram of the CO2 Scrubber
	The Crew of Apollo 13


Chemical Reaction

"Okay, Houston, we've had a problem here."

http://history.nasa.gov/Timeline/apollo13chron.html

http://history.nasa.gov/SP-350/ch-13-1.html
Apollo 13 astronaut James Lovell announced these historic words to Houston Mission Control at 2108 on April 13, 1970. Apollo 13, the third lunar landing attempt, had started off with very few surprises. Mission Control in Houston broadcast information was that the spaceship was in “real good shape” and that the crew on the ground in Houston was “bored to tears”. Lovell’s words marked the last time anyone mentioned boredom.

Fifty-five hours and forty-six minutes into the flight, the crew completed a TV segment in which they demonstrated the effects of weightlessness on activities in their living quarters and finished with “this is the crew of Apollo 13 wishing everybody there a nice evening…” Nine minutes later, the Apollo 13 command module lost its normal supply of electricity, light, and water. They were 200,000 miles from the Earth when Oxygen Tank #2 blew up causing Oxygen Tank #1 to fail.

Immediately, the crew closed hatches that linked the Command Module (CM) to the Lunar Module (LM) to isolate the living environment. A short time later, Lovell reported that the spacecraft was venting a gas into space. This final evidence that the oxygen tanks were depleted meant that the fuel cells would also be lost. The decision was made to move the crew from the Command Module to the Lunar Module “life boat” for the journey home. Although fuel had to be conserved and water had to be rationed, one of the technical concerns was removal of excess carbon dioxide from the living environment.

Lithium hydroxide is used in space to remove exhaled carbon dioxide from the environment. The lithium hydroxide canisters in the Lunar Module would not provide enough carbon dioxide removal, so the additional canisters from the Command Module were used. The additional canisters were assembled into an arrangement that the Apollo 13 astronauts called “the mailbox.” This improvised carbon dioxide scrubber was built to use the Command Module lithium hydroxide canisters and used to purge carbon dioxide from the Lunar Module “life boat”.

Lithium hydroxide reacts with carbon dioxide in a multi-step process forming lithium carbonate and water as the final products. During a flight, the composition of the crew compartment is maintained to be near the percent composition of the earth’s atmosphere: 21 % oxygen and 79 % nitrogen.
Challenge One

A major challenge in keeping the crew alive was that the LM "lifeboat" was only equipped to sustain two people for two days, but had to sustain three people for four days. The lithium hydroxide canisters available for the LM's carbon dioxide scrubbers would not last for all four days. Although you don’t have to rely on the scrubbers to keep you alive, how much lithium hydroxide would be required to remove 75.0 grams of carbon dioxide from the environment if all you had to be concerned about is the carbon dioxide? 

Write the chemical equation:

Balance the chemical equation:

Set up a “Given and Find”:

Calculate molar masses:

Do a mole relationship:

Draw a map:

Draw and use a “big, long line”:

Report the answer with the correct units and to the correct number of significant digits.

Challenge Two

The CM had an adequate supply of replacement lithium hydroxide canisters, but they were the wrong shape to fit the LM's receptacle. An adapter then had to be fabricated from materials in the spacecraft. The astronauts called it the "mailbox". How much carbon dioxide could be removed if 3.00 kilograms of lithium hydroxide were used?

Write the chemical equation:

Balance the chemical equation:

Set up a “Given and Find”:

Calculate molar masses:

Do a mole relationship:

Draw a map:

Draw and use a “big, long line”:

Report the answer with the correct units and to the correct number of significant digits.
Challenge Three

Due to reduced temperatures on the return leg of the mission, there was extensive water condensation in the CM. There was some fear that this condensation could seriously damage the electronics of the Command Module by causing a possible fire. The reaction between lithium hydroxide and carbon dioxide produces water as a product. How much water would be produced from the reaction of the 3.00 kilograms of lithium hydroxide with the excess carbon dioxide in the spacecraft? 

Write the chemical equation:

Balance the chemical equation:

Set up a “Given and Find”:

Calculate molar masses:

Do a mole relationship:

Draw a map:

Draw and use a “big, long line”:

Report the answer with the correct units and to the correct number of significant digits.
Challenge Four

The Apollo 13 mission has been determined to be a “Successful Failure”. Although the astronauts did not land on the Moon, they were successfully brought home. A lengthy investigation of the explosion, based on manufacturing records and maintenance logs, tracked the oxygen tank failure to a combination of multiple faults. None of the problems, had they occurred alone, would have been critical, but together they led to a near disaster for the crew of Apollo 13. How much carbon dioxide would have been removed from the breathing environment if the scrubber reaction produced 50.00 kilograms of lithium carbonate? 

Write the chemical equation:

Balance the chemical equation:

Set up a “Given and Find”:

Calculate molar masses:

Do a mole relationship:

Draw a map:

Draw and use a “big, long line”:

Report the answer with the correct units and to the correct number of significant digits.
CSCOPE Unit 08 Lesson 01 Day 6

adapted from “The Mathematics of the Carbon Dioxide Scrubber” ©2012, TESCCC

