
Title: Superman Strength - Bending a Nail 

 

Objective:  If you try to bend a hardened steel nail, it breaks. You take an identical nail, 

heat it red hot, and let it cool slowly.  It bends rather than breaking.  You straighten this 

nail and reheat it. However, this time you plunge the redhot nail into water to harden 

it. Now it breaks rather than bending. 

 

Purpose: To show how heat treatment hardens carbon steels. 

 

Supplies:  two high carbon nails (masonry nails—we have found a supply of flat-sided 

masonry nails that work very well. They are very hard and very brittle. That's what you 

want.) a propane torch, matches, a container of water,  a vise to clamp the nail in, a strong 

pair of pliers, a set of tongs, and a pair of safety glasses. 

 

Procedure: Clamp one of the nails in the vise and try to bend it with the pliers. Instead of 

bending, it will break. Now take the second nail in the tongs and heat it red hot with the 

torch. Allow it to cool gradually until it's at room temperature (a minute or two). Now 

clamp it in the vise and try to bend it with the pliers. It will bend without breaking. 

Straighten it back out and hold it in the tongs. Reheat it red hot and this time plunge it 

into the water. This rapid cooling will harden the steel. When you return it to the vise and 

try to bend it, it will break. 

 

Science Behind It: The steel is hard because it contains tiny particles of hard cementite 

(iron carbide) scattered throughout its ferrite crystals (iron). When you try to bend this 

hard steel, the cementite particles keep the ferrite crystals from undergoing plastic 

deformation (slip) and the nail breaks. But when you heat and slowly cool the steel, the 

carbon that dissolves in the hot steel has time to migrate out of the ferrite crystals.  The 

steel is then a soft mixture of large ferrite crystals and a few large cementite crystals. It 

bends easily because the ferrite crystals have no tiny cementite particles in them to 

prevent them from undergoing plastic deformation. 

  

 

 

 

 


