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Abstract: 

Diffusion in solid state materials is a process whereby a liquid, a gas, or another 

solid can mix together with the host solid on the atomic level.  For diffusion to occur, there 

must be a concentration gradient present and the rate of the diffusion process is greatly 

affected by an increase in temperature.  By using post 1982 pennies which consist of a zinc 

core and a copper plated shell, the diffusion of copper into zinc can be readily shown.   After 

subjecting the pennies to elevated temperatures for set periods of time, the copper layer 

‘disappears’, leaving behind a zinc colored surface.   

 

Module Objectives: 

The demonstration or lab provides an introduction to solid state diffusion which can 

open students minds to chemistry concepts that are normally thought of liquid state only, 

but can also occur in the solid state. 

 

Student Learning Objectives: 

 Observe the process of metallic diffusion. 

 Measure and record relative diffusion rates based on time. 

 Gain an understanding of commercial diffusion applications. 

 

Equipment and Supplies Needed: 

 Pre and post 1982 pennies 
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 Oven / furnace capable of heating to 400oC (7500F)  

 Stainless steel foil 

 Scotch-BriteR or other flexible abrasive pad  

 Wooden craft sticks 

 Microscope and/or magnifying glass if available 

 Rulers or calipers if available for measurements. 

Curriculum Overview and Notes for Instructor 

 The process of diffusion is essentially a solid state chemical process where 

dissimilar materials attempt to achieve equilibrium as a result of a driving force due to a 

concentration gradient.  This exchange of materials on the atomic level with metals occurs 

because metallic solids have atomic vacancies and other small scale defects that allow 

atoms to exchange places.  In order for the atoms to have sufficient energy for exchange, 

high temperatures are quite often needed.  In modern engineering applications, metals are 

often chosen for products and/or processes that are carried out at high temperatures.  In 

these cases, undesired diffusion processes may occur. 

 To help with the scaffolding approach to learning, an analogy of diffusion can be 

described or presented in the liquid state when one or two drops of food coloring are 

added to a beaker of water.  When viewed over time, one will observe that the initial bold 

coloring of the added droplet will eventually reach an equilibrium condition where the 

color is much more faint, but is even throughout the beaker of water.  Though the driving 

force of high concentration is also present in this example, the liquid nature of the 

materials qualifies this is a dispersion process based on Brownian motion, rather than a 

true diffusion process.  (Though the two terms are often used interchangeably in common 

language.) 

  

 Diffusion processes in solids are based on Fick’s Laws(1) and when steady state 

conditions are not met which is quite typical for diffusion in solids, Fick’s Second law 

results in a partial differential equation:   

   
𝜕𝐶

𝜕𝑡
=  𝐷

𝜕2𝐶

𝜕𝑥2
, where C is the concentration of the diffusant,  
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     t is time in seconds,  

x is a location within the host solid, and 

D is the diffusivity coefficient which can be expanded 

  as follows: 

𝐷 = 𝐷0𝑒
−𝑄

𝑅𝑇 , where Do is a pre-exponential constant depending on diffusing 

    atomic species, 

    Q is the activation energy for the diffusion process of interest, 

    R is the universal gas constant, and 

    T is the temperature in Kelvin. 

 

The take-away here is that diffusion processes are critically dependent on temperature, 

concentration, and time.  As any of these parameters increase, the rate of diffusion 

increases. 

 To relate diffusion to the student’s environment, examples of case hardening of steel 

power transmission gears or some tooling components can be discussed.  Case hardening 

refers to the diffusion of additional carbon into the surface, “case” of the object which is 

then used to impart an increased hardness and wear resistance to the part.  As another 

example, biological cells rely on diffusion across the cell membrane for many different 

biological processes.  Diffusion of a gas through a solid can be discussed with respect to 

standard latex balloons that are inflated with helium gas.  After a fairly short amount of 

time, the balloons lose much of the helium pressure within the balloon through helium gas 

diffusion to the atmosphere.  In an attempt to slow the helium diffusion, aluminum coated 

MylarR balloons are often used at a premium cost.  As a last example of diffusion for 

discussion, the standard PETE soda bottle is widely known to allow CO2 to diffuse out over 

time.  When this occurs, the resulting low level of carbonation in the beverage is often 

described as “flat” soda which is usually not desired. 

 

Module Procedure 

1. Begin by establishing 4 or 5 groups of students to work on the experiment. 
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2. Each group should be provided with 3 or 4 post-1982 pennies, and one pre-1982 

penny to be used as a control. 

3. Have the students use the flexible abrasive pad to lightly clean each penny so that 

the copper color is prevalent.  They do not have to be 100% shiny, but do need to 

have a copper look to them.  Note:  sandpaper should not be used as it will often 

aggressively remove material which is not the objective. 

4. Once the pennies have been cleaned, they need to be sealed in stainless steel foil 

(approximately 3” x 4”) with one-half of a standard wooden craft stick. 

a. The pennies should be in a single layer. 

b. The craft stick should not be in contact with the pennies. 

c. Pliers or other tools can be used to facilitate an “air-tight” envelope being 

made from the stainless foil to reduce oxidation of the pennies when 

subjected to the oven/furnace. 

5. With a furnace or oven set to 3800C (7150F), place all of the ‘penny envelopes’ in the 

furnace and mark the start time. 

6. Remove one envelope after 8 minutes of exposure, and cool in a container of water.  

Once cooled, return the package to the students so they can open it, and lightly clean 

the pennies with the abrasive pad as needed. 

a. Continue removing the ‘penny envelopes’ from the oven/furnace at 2 or 3 

minute intervals, cool, and return to the students for cleaning. 

b. Be sure student groups keep track of the exposure time for their pennies, and 

avoid mixing their samples with other groups. 

7. When all pennies have been cleaned, allow student groups to observe the pennies 

from other groups to note any differences.  Have students perform research to 

explain why none of the pre-1982 pennies show any diffusion. 

8. Optional:  Have students measure the diameter of the penny where diffusion has 

occurred, and convert this to diffused area.  This can then be plotted vs. time along 

with the data from all other groups. 

 

Notes: 
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1)  Some chemistry classes may have performed a seemingly similar experiment where 

the copper or zinc has been dissolved away.  In such experiments, the mass before and 

after will have changed.  When the process is diffusion, the mass remains constant and 

can be verified through measurements.  

2)  Individual furnace temperatures may vary from the actual set-points.  Therefore, it 

is suggested that a trial run be performed to determine an adequate time/temperature 

exposure.  To keep the class moving along, it is recommended to use a maximum 

exposure time of 16 to 18 minutes, and a minimum time of 6 to 8 minutes.  If these 

times do not produce acceptable results, increase or decrease temperature to facilitate 

more or less diffusion occurring. 

 

 

Supporting Materials and References 

(1.)  http://en.wikipedia.org/wiki/Fick%27s_laws_of_diffusion 

“Disappearing Copper – The Chemistry of Solids”, T. Greene, NEW presentation, Nov. 2013 

(attached) 

http://en.wikipedia.org/wiki/Fick%27s_laws_of_diffusion
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Figure 1.  Diffused pennies.  

Left column = 6 minutes, center = 11 minutes, right = 15 minutes at 3800C 


