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Introduction 

When using hand warmers during marching band, I found that there is a lot of variability in how long they 

lasted and how hot they got. For instance, I had one that was supposed to last 2 hours but only lasted 20 minutes, 

one that took 20 minutes to get hot, and in general they seem to feel less hot when it is colder outside. Everyone in 

band usually blames this seemingly random variability on our handwarmers being old or expired, but upon 

looking up how they work, I found out that most of the factors that impact their performance are influenced by the 

weather or the oxygen flow where they are placed. As such, I wanted to find the maximum effect different factors; 

specifically temperature, humidity, and oxygen; have on the lifespan and maximum temperature of a hand 

warmer. With this information, opening a new handwarmer will be less of a gamble in hoping it works correctly 

because odd performance will be able to be anticipated based on the surroundings. 

I expect high levels of all factors to lead to the hottest temperature because high temperature speeds up 

reactions, and oxygen & water are components of the rusting reactions so having more causes rust to form more 

quickly. Therefore, when all factors are high, the iron will quickly release a lot of heat, but not last a long time. For 

the same reason, I think low levels of all factors will lead to the longest lasting but coolest handwarmer. I have no 

idea what the numerical difference in lifespan between the two extremes may be. 

 

Literature Review 

Sands, W. A. (2009). Comparison of commercially available disposable chemical hand and foot warmers. Abstract 

retrieved from 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Comparison%2Bof%2Bcommercially%2Bavailable%2Bdi

sposable%2Bchemical%2Bhand%2Band%2Bfoot%2Bwarmers. 

This is a study investigating variability in the lifespan of various hand warmers vs. label claim. This is the only 

similar study to what I am doing I could find, and it too says there is little research on the topic. It says there is 

considerable variability between brands, so I will be sure to only use one brand of hand warmer. It also says 

weight is correlated with lifespan, so I will weigh each warmer before testing it. If there is considerable variability 

in weight, I will scale the results to account for weight differences. 

 

Frequently Asked questions. (n.d.). Retrieved from https://www.littlehottieswarmers.com/faqs. 

Describes the contents of the hand warmers I will be using. However doesn’t go into specifics beyond the fact that 

it uses an oxidation reaction. 

 

Greenberg, J. (2017, June 02). The Chemical Reactions That Make Hand Warmers Heat Up. Retrieved from 

https://www.wired.com/2014/12/whats-inside-hot-hands/. 

Describes the contents of handwarmers in detail and each ingredient’s function. It backs up the ingredients 

LittleHotties say they use, so the reaction my hand warmers use must be rusting (oxidation of iron). 

 

Rust Chemistry. (n.d.). Retrieved from http://www.corrosion-doctors.org/Experiments/rust-chemistry.htm. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Comparison%2Bof%2Bcommercially%2Bavailable%2Bdisposable%2Bchemical%2Bhand%2Band%2Bfoot%2Bwarmers
https://www.ncbi.nlm.nih.gov/pubmed/?term=Comparison%2Bof%2Bcommercially%2Bavailable%2Bdisposable%2Bchemical%2Bhand%2Band%2Bfoot%2Bwarmers
https://www.littlehottieswarmers.com/faqs
https://www.wired.com/2014/12/whats-inside-hot-hands/
http://www.corrosion-doctors.org/Experiments/rust-chemistry.htm


Explains the chemistry of rusting and the requirements for effective rusting. This is where I got the 3 factors I will 

test. For humidity, it states 50% as the minimum and above 80% to greatly increase rusting rate. There is water 

present in the handwarmer pouch, so I should not have to worry about going too low, but my high humidity trials 

should be at least above 80%. It also listed pH as a main factor, but a hand warmer works using water vapour in 

the air and in the pouch, not liquid water, so the pH variability is negligible. 

 

Data, U. C. (n.d.). Temperature - Precipitation - Sunshine - Snowfall. Retrieved from 

https://www.usclimatedata.com/climate/iowa/united-states/3185#. 

Contains Des moines climate data, which I used to determine what my temperature extremes should be (30C and 

-10C). 

 

Procedure 

● Data table 

○ Rows: HHH1, HHH2, HHL1, HHL2, HLH1, HLH2, HLL1, HLL2 LHH1, LHH2, LHL1, LHL2, 

LLH1, LLH2, LLL1, LLL2 (L = low, H= high, order is Humidity, temperature, and Oxygen.)  

○ Columns: Handwarmer weight, Starting external temperature, Ending external temperature, 

Average temperature, Starting humidity, Ending humidity, Average humidity, Maximum 

temperature, Lifespan 

● Weight variability 

○ Weigh each 2 pack 

○  If the range is more than 5%, weigh each hand warmer before testing it and scale the results 

based on the procedure described later 

● Testing environment 

○ Find a large cardboard box and a board that covers the top of it 

○ The day before running the tests, put a dehumidifying packet into the box and close the lid 

● Setups for the trials 

○ The 8 setup criteria are listed in the data table rows 

○ If humidity should be low (perform these first because dehumidifying takes a while) 

■ Perform the test inside the dehumidified box 

○ If humidity should be high 

■ Remove the dehumidifier 

■ Set up the humidifier in the box if possible. Else set up the humidifier next to the box, and 

aim the nozzle into the box 

■ Close the box as much as possible without cutting off the vapour coming in 

■ Start humidifier at least 5 minutes before the hand warmer is put in  

■ Humidity should above 80%. if it isn’t, keep running the humidifier until it is. 

○ If temperature should be high,  

■ Put a hot plate into the box 

https://www.usclimatedata.com/climate/iowa/united-states/3185#


■ Place the 250ml beaker inside a 1 quart measuring cup 

■ Fill the outer ring with water and cover it with aluminum foil (to prevent water from 

evaporating or changing the humidity) 

■ Place on a hot plate and heat until the air temperature in the center beaker is 

approximately 30C (average high temperature in July) 

○ If temperature should be low 

■ Fill styrofoam icebox with ice and place the 250ml beaker in the ice 

● Temperature should be about -10C (avg low temp in Jan), if it is not, find a new 

method, maybe using the freezer 

■ Put icebox into the box 

○ If oxygen should be high 

■ No gloves on the hand warmer 

■ Weigh the handwarmer if scaling is necessary 

○ If oxygen should be low 

■ Weight the handwarmer if scaling is necessary 

■ Put the handwarmer in a wool glove 

■ Roll up the glove and put it into another glove 

● Running the trials 

○ Record starting box temperature and humidity in the table 

○ Put a hand warmer onto the beaker 

○ Poke temperature probe into the hand warmer and start recording 

○ Close the box about 4/5 of the way 

○ Stop recording when temperature of the warmer reaches the surrounding temperature. 

○ Save the resulting temperature vs time graph 

○ Record end humidity and box temperature in the table 

○ Average room temp and humidity over run 

○ Repeat with with two handwarmers for every setup 

● Analysis 

○ Based on the temperature probe graphs, record the lifespan and max temperature in the table 

○ Collapse the table into another one that has columns: control, HHH, HHL, HLH, HLL, LHH, 

LHL, LLH, LLL and rows average temp, Average humidity, average max temperature, average 

lifespan, scaled max temp, and scaled lifespan. 

○ Scaling the results (to account for variability) 

■ Average the high average humidity levels 

■ Scale factor = average high average humidity/ individual average humidity 

■ Repeat for low average humidities, high average temperatures, low average temperatures, 

and weight if necessary 



■ Multiply each lifespan and max heat by all of its scale factors and record the resulting 

values in the second table 

○ Look for features on the graph that correlate with certain values being low or high. 

○ Numerically compare the setups with the highest and lowest scaled values 

○ Trace the effects of each factor. 

■ For example if LLL has the longest lifespan and HHL has the shortest. oxygen probably 

has little effect on life and HHH should be similar to HHL. If HLL  is lower than LHL, 

than high humidity has a greater negative effect on lifespan than high temperature. 

■ If high values lead to higher max temp and low ones leads to long lifespan, my hypothesis 

is correct.  

, my supervising teacher, is a Science teacher and will help with troubleshooting 

 

Proposal Budget 

Items Price Quantity Total cost Provider Vendor 

Eva-dry E-150 Moisture Eliminator Pouch $7.26 1 $7.70  Amazon 

Little Hotties 8-Hour Hand Warmers (10 pack) $8.47 1 $8.98  Amazon 

Sainlogic Hygrometer Digital $8.99  1 $9.53  Amazon 

Large cardboard box and cover $0 1 $0  NA 

250 ml beaker $0 1 $0 School NA 

A pair of wool gloves $0 1 $0  NA 

Vernier stainless steel temperature probe $0 1 $0 School NA 

Humidifier $0 1 $0  NA 

Glass 1qt measuring cup $0 1 $0 School NA 

Hot plate $0 1 $0 School NA 

Styrofoam icebox $0 1 $0 School NA 

Ice $0 NA $0 School NA 

Total cost: $26.22 

 will provide Hygrometer for measuring humidity the hand warmers the research is 

performed on and the dehumidifier needed for the low humidity trials. I will provide the cardboard box for a 

testing environment, the gloves for the low oxygen trials, and the humidifier for the high humidity trials. The 

APEX lab already has the the temperature probe to graph the hand warmer temperature, the styrofoam box & ice 

for the low temperature trials, the glass 1q measuring cup & hot plate for the high temperature trials, and the 

250ml beaker for holding the warmer. 

https://www.amazon.com/dp/B00K7LLXRG?ref=emc_b_5_t
https://www.amazon.com/Little-Hotties-8-Hour-Hand-Warmers/dp/B01MYDYJ2I
https://www.amazon.com/Little-Hotties-8-Hour-Hand-Warmers/dp/B01MYDYJ2I
https://www.amazon.com/Little-Hotties-8-Hour-Hand-Warmers/dp/B01MYDYJ2I
https://www.amazon.com/Sainlogic-Hygrometer-Thermometer-Humidity-Temperature/dp/B074W89DDV/ref=sr_1_1_sspa?ie=UTF8&qid=1510269919&sr=8-1-spons&keywords=hygrometer&psc=1
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