
Questions are being raised as to whether airbags should be mandatory, and whether their safety can be improved. How much does the number of deaths or serious injuries decrease when an airbag and seat belt are used, as compared to when a seat belt is used alone? How many people are airbags killing or seriously injuring? Do the benefits of airbags outnumber the disadvantages? How can airbags be improved?  Also, are airbags an environmental time bomb?  What is being done to dispose of unused the poisonous sodium azide left in airbags?  
Teacher Background Information:
(Some information summarized from:  http://www.chemistry.wustl.edu/~edudev/LabTutorials/Airbags/airbags.html)

How Airbags Work 

Timing is everything in an airbag's ability to deploy quickly enough to save a life in a head-on collision. An airbag must be able to deploy in a matter of milliseconds from the initial collision impact, and also be prevented from deploying when there is no head-on collision (airbags will not deploy in side or rear impact collisions). Thus, the main component of the airbag system is a sensor that can detect head-on collisions and immediately trigger the airbag's deployment. The crash sensor is a steel ball that slides inside a smooth bore. The ball is held in place by a permanent magnet or by a stiff spring, which inhibit the ball's motion when the car drives over bumps or potholes. However, when the car decelerates very quickly, as in a head-on crash, the ball suddenly moves forward and turns on an electrical circuit, initiating the process of inflating the airbag. 

Once the electrical circuit has been turned on by the sensor, a pellet of sodium azide (NaN3) is ignited. A rapid reaction occurs, generating nitrogen gas (N2). This gas fills a nylon or polyamide bag at a velocity of 150 to 250 miles per hour. This process, from the initial impact of the crash to full inflation of the airbag, takes only about 40 milliseconds. Ideally, the body of the driver (or passenger) should hit the airbag just after inflation – in fact while the airbag begins to deflate. Otherwise, the high internal pressure of the airbag would create a surface as hard as stone. 

Chemical Reactions Used to Generate the Gas

Inside the airbag is a gas generator containing a mixture of NaN3, KNO3, and SiO2. When the car undergoes a head-on collision, a series of three chemical reactions inside the gas generator produce gas (N2) to fill the airbag and convert NaN3, which is highly toxic, to harmless glass. Sodium azide (NaN3) can decompose at 300oC to produce sodium metal (Na) and nitrogen gas (N2). The signal from the deceleration sensor ignites the gas-generator mixture by an electrical impulse, creating the high-temperature condition necessary for NaN3 to decompose. The nitrogen gas that is generated then fills the airbag. The purpose of the KNO3 and SiO2 is to remove the sodium metal (which is highly reactive and potentially explosive, by converting it to a harmless material. First, the sodium reacts with potassium nitrate (KNO3) to produce potassium oxide (K2O), sodium oxide (Na2O), and additional N2 gas. The N2 generated in this second reaction also fills the airbag, and the metal oxides react with silicon dioxide (SiO2) in a final reaction to produce silicate glass, which is harmless and stable. (First-period metal oxides, such as Na2O and K2O, are highly reactive, so it would be unsafe to allow them to be the end product of the airbag detonation.)
Reaction 1:

2NaN3     (    2Na  +  3N2 

Reaction 2:

10Na  +  2KNO3     (    K2O  +  5Na2O  +  N2 

Reaction 3:

K2O  +  Na2O  +  SiO2     (    Na2K2SiO4 (alkaline silicate glass) 

Calculation of the Amount of Gas Needed

Nitrogen is an inert gas whose behavior can be approximated as an ideal gas at the temperature and pressure of the inflating airbag. Thus, the ideal-gas law provides a good approximation of the relationship between the pressure and volume of the airbag, and the amount of N2 it contains. 
The ideal-gas law is:  

 

where,

P is the pressure in atmospheres
V is the volume in litres 
n is the number of moles of gas
R is the gas constant in L•atm/mol•K (R = 0.08205 L•atm/mol•K)
T is the temperature in Kelvin
A certain pressure is required to fill the airbag within milliseconds. Once this pressure has been determined, the ideal-gas law can be used to calculate the amount of N2 that must be generated to fill the airbag to this pressure. The amount of NaN3 in the gas generator is then carefully chosen to generate this exact amount of N2 gas.
Typically:

· The Air bag volume (N2) is ~ 70 L 

· This requires ~130 grams of sodium azide 

National Safety Council Airbag Data: 

From 1990-2001 

· 175 deaths from airbags 

· 3.3 million deployments 

· 6377 lives saved 

· ? injuries caused/prevented 

History of Airbags:

In 1952 the airbag was invented by John W. Hetrick and he patented the airbag the following year. It was an invention to help protect his own family using expertise from his naval engineering days. 

On July 11, 1984, the U.S. government required cars to have driver's side air bags or automatic seat belts by 1989 (the automatic seat belt was a technology, now discarded, that "forced" motorists to wear seatbelts). In 1998, dual front airbags were mandated by NHTSA, and de-powered, or second-generation air bags were also mandated. This was due to the injuries caused by first-generation air bags that were designed to be powerful enough to restrain people who were not wearing seatbelts. 

Despite the 1970s implementation of airbags in GM cars, many conventional automobiles did not even have them until the mid 1990s. 

In 2006, Honda introduced the first motorcycle airbag safety system ever installed on a production motorcycle. The airbag was installed on its Gold Wing motorcycle. 

Air bags supplement the safety belt by reducing the chance that the occupant's head and upper body will strike some part of the vehicle's interior. They also help reduce the risk of serious injury by distributing crash forces more evenly across the occupant's body. 

One recent study concluded that as many as 6,000 lives have been saved as a result of airbags.
Airbags cost about $500 (USD) per vehicle.
Airbag Deployment:

Front air bags are not designed to deploy in side impact, rear impact or rollover crashes. Since air bags deploy only once and deflate quickly after the initial impact, they will not be beneficial during a subsequent collision. Safety belts help reduce the risk of injury in many types of crashes. They help to properly position occupants to maximize the air bag's benefits and they help restrain occupants during the initial and any following collisions. 

Airbags involve the extremely rapid, violent deployment of a large object. While airbags can protect a person under the right circumstances, they can also injure or kill. 

Some airbag systems may also have an on/off switch, which allows the air bag to be deactivated. 

Air bags are typically designed to deploy in frontal and near-frontal collisions, which are comparable to hitting a solid barrier at approximately 8 to 14 miles per hour (mi/h) (13 to 23 km/h). Roughly speaking, a 14 mi/h (23 km/h) barrier collision is equivalent to striking a parked car of similar size across the full front of each vehicle at about 28 mi/h (45 km/h). This is because the parked car absorbs some of the energy of the crash, and is pushed by the striking vehicle. Unlike crash tests into barriers, real-world crashes typically occur at angles, and the crash forces usually are not evenly distributed across the front of the vehicle. Consequently, the relative speed between a striking and struck vehicle required to deploy the air bag in a real-world crash can be much higher than an equivalent barrier crash. 

Once an air bag deploys, deflation begins immediately as the gas escapes through vents in the fabric. Deployment is frequently accompanied by the release of dust-like particles in the vehicle's interior. Most of this dust consists of cornstarch or talcum powder, which are used to lubricate the air bag during deployment. Small amounts of sodium hydroxide may initially be present. This chemical can cause minor irritation to the eyes and/or open wounds; however, with exposure to air, it quickly turns into sodium bicarbonate (baking soda). 

Airbag Advances:

Many advanced air bag technologies are being developed to tailor air bag deployment to the severity of the crash, the size and posture of the vehicle occupant, belt usage and how close that person is to the air bag module. Many of these systems will use multi-stage inflators that deploy less forcefully in stages in moderate crashes than in very severe crashes. Occupant sensing devices let the air bag diagnostic unit know if someone is occupying a seat in front of an air bag, whether the person is an adult or a child, whether a seat belt or child restraint is being used and whether the person is forward in the seat and close to the air bag module. Based on this information and crash severity information, the air bag is deployed at either a high force level, a less forceful level or not at all. 

Many new vehicles are also equipped with side air bags.
An airbag system in a typical car

 INCLUDEPICTURE "http://www.k12.nf.ca/janecollins/teacher/outlines/science/gases/airbag1.gif" \* MERGEFORMATINET 






Source:  http://www.k12.nf.ca/janecollins/teacher/outlines/science/gases/airbags.htm

Interesting Fact:

Around 1991 TRWTM, the company that makes a large number of the airbags in vehicles in use, located one of the first 1973 Chevrolet Impalas that was made with a driver's side airbag. They reconnected the battery and stimulated the crash sensors. Lo and Behold the airbag worked perfectly.
There is not a whole lot else on a car that, with no maintenance required, will last 18+ years!

In this activity students will obtain some background information about airbags by visiting three websites and answering a series of questions. This should be completed a day or two before conducting the actual experiment.  Students will then conduct an experiment where they will simulate the construction of an airbag by reacting an acid (vinegar) and a base (baking soda) together, generating a gas that will fill a Ziploc™ bag.  They will then examine some of the environmental issues involving the use and disposal of airbags.
Students should attempt to find the amount of sodium bicarbonate (baking soda) required to react with 25 mL of acetic acid (vinegar) so that the bag is inflated, with no appreciable quantity of either reactant left. This will allow students to develop some idea of a limiting reactant.  

The carbon dioxide is the gas that fills the bag, and the sodium acetate will be dissolved in the water. It is important for students to realize that this is not exactly how an air bag works, but is a good analogy that allows them to simulate the inflation of a protective device in the classroom. 
Note:  Students should have learned stoichiometry and gas laws before being expected to conduct this lab.

Questions are being raised as to whether airbags should be mandatory, and whether their safety can be improved. How much does the number of deaths or serious injuries decrease when an airbag and seat belt are used, as compared to when a seat belt is used alone? How many people are airbags killing or seriously injuring? Do the benefits of airbags outnumber the disadvantages? How can airbags be improved?  Also, are airbags an environmental time bomb?  What is being done to dispose of unused the poisonous sodium azide left in airbags?  
Introduction:

In most cars today you will find an airbag.  The airbag has three main parts.  First the bag, which is made of a thin nylon fabric, holds the chemicals and sensors and folds into the steering wheel or the dashboard.  The electronic components contain a sensor that detects a collision force equal to running into a brick wall at about 10-15 mph and an igniter that detonates the first chemical reaction.  The third component contains NaN3, KNO3 and SiO2.

Airbag Deployment:

So, the gas-generator inside the airbag contains a mixture of NaN3, KNO3, and SiO2.  When the car undergoes a head-on collision, a series of three chemical reactions inside the gas generator produce gas (N2) to fill the airbag and convert NaN3, which is highly toxic, to harmless glass.  Sodium azide (NaN3) can decompose at 300oC to produce sodium metal (Na) and nitrogen gas (N2).  The signal from the deceleration sensor ignites the gas-generator mixture by an electrical impulse, creating the high-temperature condition necessary for NaN3 to decompose.  The nitrogen gas that is generated then fills the airbag.  The purpose of the KNO3 and SiO2 is to remove the sodium metal (which is highly reactive and potentially explosive), by converting it to a harmless material.  First, the sodium reacts with potassium nitrate (KNO3) to produce potassium oxide (K2O), sodium oxide (Na2O), and additional N2 gas.  The N2 generated in this second reaction also fills the airbag, and the metal oxides react with silicon dioxide (SiO2) in a final reaction to produce silicate glass, which is harmless and stable. (First-period metal oxides, such as Na2O and K2O, are highly reactive, so it would be unsafe to allow them to be the end product of the airbag detonation.)
Reaction 1:

2NaN3     (    2Na  +  3N2 

Reaction 2:

10Na  +  2KNO3     (    K2O  +  5Na2O  +  N2 

Reaction 3:

K2O  +  Na2O  +  SiO2     (    Na2K2SiO4 (alkaline silicate glass) 

Calculation of the Amount of Gas Needed

Nitrogen is an inert gas whose behavior can be approximated as an ideal gas at the temperature and pressure of the inflating airbag. Thus, the ideal-gas law provides a good approximation of the relationship between the pressure and volume of the airbag, and the amount of N2 it contains. 
The ideal-gas law is:  

 

where,

P is the pressure in atmospheres
V is the volume in litres 
n is the number of moles of gas

R is the gas constant in L•atm/mol•K (R = 0.08205 L•atm/mol•K)
T is the temperature in Kelvin
In this activity you will obtain some background information about airbags by visiting three websites and answering a series of questions. This will be completed before conducting the actual experiment.  You will then conduct an experiment where you will simulate the construction of an airbag by reacting an acid and a base together, generating a gas that will fill a Ziploc™ bag.  You will then examine some of the environmental issues involving the use and disposal of airbags.
Pre-Lab Activities
Note:  All three Pre-Lab Activities should be completed a day or two prior to performing the lab.

Pre-lab Activity #1
Have students go to the following website. At this site, they will learn how an airbag inflates and is supposed to save the life of a passenger. 

Air Bags:  A Hazard in your dashboard?
http://whyfiles.org/032air_bag/index.html
Have students answer the following questions after visiting the website:

1. What is the intended purpose of an air bag?

2. According to the article, what is the major concern with air bags?

3. What is being done to make airbags safer?

4. According to the article, what are three rules for drivers of cars with passenger-side air bags?

5. What gas fills up the air bag?

6. Explain how an air bag works.

7. How long does it take for an airbag to inflate?

Discuss the answers to the questions as a class. This will lead into a discussion of the chemistry behind airbags. The engineers who design air bags are able to determine the exact quantity of chemicals needed to inflate the air bag to the proper volume, and in the correct amount of time. If the air bag is under-inflated or inflates too quickly, the passenger will still be injured by the steering wheel. If the air bag over-inflates or inflates too slowly, the passenger will hit the inflating airbag and be injured. It is critical to get just the right amount of gas in the air bag. 

Pre-Lab Activity #2:

Have students go to the following website and complete the questions that follow.

Scientific American:

http://www.sciam.com/askexpert_question.cfm?articleID=0008ACD8-5AF8-1C72-9EB7809EC588F2D7
1. What are three places in a working car that definitely use chemistry?

a) 

   
    b)



c)

2. What is the main reaction that produces the gas that fills up the airbag?

3. Explain what prompts an airbag to inflate.

Pre-Lab Activity #3

Go to the following website and complete the questions that follow.

Gas Laws Save Lives: The Chemistry Behind Airbags

http://www.chemistry.wustl.edu/~edudev/LabTutorials/Airbags/airbags.html
1. Why was there a 30 year span in the technology for airbags and their implementation?

2. How are airbags kept from deploying when there is not a collision?

3.     Write and balance the three reactions that occur when an airbag is deployed.
Reaction 1:
Reaction 2:

Reaction 3:
4. Discuss the safety of the following reactants/products:



N2:



NaN3:



Na:



K2O:



Sodium silicate glass:

5. For an airbag to cushion a person in a collision it must inflate within _________________ and it must automatically begin to deflate. Explain how the deflation happens.

6. Why are airbags hazardous if they are not deployed before the car is flattened and recycled at the end of the cars lifetime?

7. Using your balanced chemical equation from #3, how many grams of sodium azide is required to inflate an airbag to 67 L of N2 at STP?

8. Based on the amount of sodium azide required from #7, what mass sodium is produced?

9. How many grams of potassium nitrate are needed to completely react with the sodium? (use balanced equation from #3).

10. Explain why stoichiometry is important in the chemistry of airbags.

Student Activity:  Preparation of an Airbag
Purpose:
Your goal is to evaluate the reaction of sodium bicarbonate (baking soda) with acetic acid (vinegar) as a potential replacement reaction for automobile airbags. Your task is to determine the correct ratio of baking soda and vinegar that leaves no appreciable amount of either reactant behind, yet fully inflates the bag (without bursting). The inflated bag is analogous to the air bags in cars. 
The chemical reaction is: NaHCO3  +  HC2H3O2  (  NaC2H3O2  +  CO2  +  H2O
Materials: 

· sodium bicarbonate (baking soda) (10 g per group)
· acetic acid (vinegar) (300 mL per group)
· Ziploc™ bags 

· graduated cylinders 

· electronic balance
· weigh boats
Procedure:
Each group will design their own procedure.  To keep it simple, find the amount of sodium bicarbonate (baking soda) required to react with 25 mL of acetic acid (vinegar) so that the bag is inflated, with no appreciable quantity of either reactant left.  Increase the sodium bicarbonate by 0.5 gram increments during your testing.   

Some things to consider:
What is the gas being produced when sodium bicarbonate and acetic acid combine?  

How will you determine the approximate volume of the Ziploc™ bag before beginning the experiment?

How will you get both reagents inside the bag without losing gas?
If you need other materials for your procedure, check with your teacher.  Write your plan, showing all calculations before beginning the experiment.  You may do some preliminary testing, but you must write them up as well. 

Once you have determined the correct ratio of reactants that completely fill the bag without bursting, consult your teacher. 
Your data should include a well-designed plan, changes you made after the first trial, and results.

Follow-up Questions:

1. How did you find the volume of the bag to do your calculations?

2. Did you consider the volume of the reactants?  Does that make much of a difference?

3. Was the reaction endothermic or exothermic?  How could you tell?  
4. A typical airbag contains 50.0 g of sodium azide, NaN3.  Upon impact, the airbag deploys and inflates within 40 milliseconds to a volume of about 60 L, at a velocity between 150 and 250 mph.  The airbag inflates due to the decomposition reaction of NaN3 and fills with nitrogen gas in the following reaction:

2NaN3(s)   (     2Na(s)  +    3N2(g)

a. If 50.0 g of NaN3 decompose, how many moles of N2(g) will be produced?  How many grams of N2(g) will be produced?

b. How many moles of Na(s) will be formed from this reaction?  How many grams of Na(s) will be formed?

c. A second reaction has to occur to remove the Na, which is highly reactive and potentially explosive.  Balance the following reactions, and determine how many grams of KNO3 that should be placed in the airbag to fully react with the Na.

___ Na   +   ___ KNO3  (  ___ K2O  +  ___ Na2O  + ___N2 (g)

d. How much additional N2(g) in grams will be produced by the second reaction?
Extension Activity #1:  Undetonated-Airbag Disposal
Thus far we have discussed how airbags function to protect us when there is a head-on collision. But the vast majority of airbags in cars, fortunately, are never deployed within the lifetime of the automobile. What happens to these airbags? Typically, cars are flattened and recycled at the end of their lifetime, and the airbags are never removed from the cars. This can be hazardous, because these airbags still contain sodium azide, whose presence during the automobile-recycling process endangers workers, and can damage recycling equipment and the environment.

How does this happen? Sodium azide can react in several ways when it undergoes the conditions of the recycling process itself. The first step of the recycling process is to flatten the automobile hulk. Once the car is flattened, it is impossible to see whether or not it contains an airbag. If the container holding the NaN3 is damaged during flattening, then NaN3, which is potentially mutagenic and carcinogenic, can be released into the environment. The next step in recycling cars is to shred them into fist-sized pieces so that the different types of metal can be separated and recovered. Sodium azide released during this process may contaminate the steel, iron, and nonferrous metals recovered at this stage. Of greater concern, however, is the large amount of heat and friction generated by the shredder. Recall that NaN3 reacts explosively at high temperatures; hence, there is a risk of ignition when airbags pass through the automobile shredder. This danger is amplified if sodium azide comes in contact with heavy metals in the car, such as lead and copper, because these may react to form a volatile explosive. The pieces of the car may also pass through a wet shredder. Here, another danger arises because if the NaN3 dissolves in water, it can form hydrazoic acid (HN3):  (HN3 is highly toxic, volatile, and explosive).

NaN3 + H2O ---> HN3 + NaOH.

What can be done to prevent these reactions of sodium azide in undetonated airbags? Somehow, the airbags must be prevented from going through the automobile-recycling process. Warning devices that would alert recyclers to the presence of an undetonated airbag in flattened car hulks have been tested, but these are generally expensive to implement, and they would need to be in every automobile airbag. Also, it is extremely difficult or impossible to remove an airbag from a car that has already been flattened, and so the question of what to do with these flattened cars containing airbags remains unanswered. This will become an increasingly large problem, as airbags have recently become mandatory equipment in new automobiles. Hence, the proportion of cars with airbags in recycling plants will increase. A better solution is to remove the airbag canister before the car is sent for flattening or recycling. This is cheaper, simpler, and more efficient, and allows the car to be recycled safely. This strategy is already used for other hazardous components of cars, such as lead-battery cases. However, there is an added incentive for removing batteries that is not yet applicable for removing airbags from cars before recycling. The lead from batteries can be re-sold, but currently there is no market value for airbag canisters. Thus, strictly-enforced laws or a market-based incentive system may be required to ensure that airbags continue to protect our safety, even after the lifetime of the automobiles that contain them.

Questions:
1. Suggest a way to flatten cars for recycling so that airbags in vehicles would all deploy. 

2. If you wanted to use a different set of chemical reactions to generate gas for airbags, what characteristics should the reagents have? 
Extension Activity #2:  Safety Debate

People have different opinions about mandatory seat belt and air bag use. In fact, this discussion often includes bicycle and motorcycle helmets for safety, too. Divide your class into two debating teams and discuss the following question: Can a society that believes in individual decisions regarding safety issues require individuals to use devices that may save their lives in an accident? 


Summary:

The purpose of this activity was to illustrate the chemistry of airbags while giving you some knowledge about how airbags work and about their effectiveness in preventing serious injury or death.  In addition. it is hoped that you were alerted to the environmental considerations concerning airbags.  
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Interesting Websites:


Tyndall Effect:  (ethanol BAC concentration is higher after airbag deployment)


� HYPERLINK "http://gaduiblog.com/2006/08/07/breath-test-after-airbag-deployment/" �http://gaduiblog.com/2006/08/07/breath-test-after-airbag-deployment/�


Environmental considerations/rescue implications/security implications: (Excellent article!!!)


� HYPERLINK "http://www.resqmed.com/NaH3.pdf" �http://www.resqmed.com/NaH3.pdf�


Beware the airbag:


� HYPERLINK "http://www.abc.net.au/science/articles/2000/03/31/114815.htm?site=catapult&topic=latest" �http://www.abc.net.au/science/articles/2000/03/31/114815.htm?site=catapult&topic=latest�


Sodium Azide in Car Airbags Poses Growing Environmental Hazard, UA Scientist Says


http://uanews.org/node/2913


YouTube Video:  How an Airbag Works:


� HYPERLINK "http://www.youtube.com/watch?v=dZfLOnXoVOQ" �http://www.youtube.com/watch?v=dZfLOnXoVOQ�


YouTube Video:  Amateur airbag deployment test:


http://www.youtube.com/watch?v=Khrypk1jPHE


Video: Honda Gold Wing airbag in action:


�� HYPERLINK "http://www.autoblog.com/2006/09/08/video-honda-gold-wing-airbag-in-action/" �http://www.autoblog.com/2006/09/08/video-honda-gold-wing-airbag-in-action/��


How Airbags Work:


� HYPERLINK "http://www.howstuffworks.com/airbag.htm" �http://www.howstuffworks.com/airbag.htm�











