
EN380 Workshop #4 Solution
Heat Treatment and Fick’s Law

1. [5 pts] TTT Based on the below Time, Temperature, Transformation (TTT) Diagram for eutectoid

carbon steel, complete the table below for each of the 4 heat treatments shown.

Curve
Resultant

Microstructure

Heat Treatment

Terminology

Toughness Rank

(1 - 3, 1 is toughest)

1©
Tempered

Martensite
Tempering 3

2©
Coarse

Pearlite
Full Annealing 1

3©
50% Fine Pearlite

50% Martensite

4© (Upper) Bainite Austempering 2

1



2. [5 pts] Case Hardening A 1025 steel gear (0.25% C by wt) is to be case hardened at 950◦C in a

methane atmosphere (CH4). Carbon diffusivity, D, at this temperature is 1.6× 10−11 m2

s .

(a) [2.5 pts] Calculate the time [hr] required to raise the carbon content to 0.5% C at a depth of

0.5mm below the surface if surface carbon content is maintained at a constant 1.5%.

Givens:

C0 = 0.25%, Cx = 0.5%, Csurf = 1.5%, D = 1.6× 10−11 m
2

s
, x = 0.5mm

Find:

t [hr]

Calculate erf(z):

Csurf − Cx

Csurf − C0
= erf

z︷ ︸︸ ︷(
x

2
√
Dt

)
erf(z) =

1.5%− 0.5%

1.5%− 0.25%
= 0.8

Use the error function table or graph to find z from erf(z):

From interpolation: z = 0.9064 Now solve for t based on z, D, and x:

z =
x

2
√
Dt
→ t =

(
x

2z
√
D

)2

=

 0.5× 10−3 m

2 · 0.9064 ·
√

1.6× 10−11 m2

s

2

t = 4753 sec · 1 hr

3600 s
= 1.32 hr

(b) [0.5 pts] Describe in detail the microstructure that will result at this depth if we remove the gear

from the furnace and allow it to the cool slowly in air.

At this depth (by design) we attain carbon concentration of 0.5% which is hypoeutectoid. As

the gear cools, austenite will first form pro-eutectoid ferrite (α) until the eutectoid temperature is
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reached (α forms in the grain boundaries between the austenite grains). Further cooling transforms

the remaining austenite (γ) into (coarse) pearlite. The final microstructure is thus grains of coarse

pearlite in a matrix of pro-eutectoid ferrite grains.

(c) [1.5pts]After the same amount of case hardening time, what is the resultant carbon concentration

at a depth of 0.2mm?

Givens:

C0 = 0.25%, Csurf = 1.5%, D = 1.6× 10−11 m
2

s
, x = 0.2mm, t = 4753 sec

Find:

Cx

Calculate z:

z =
x

2
√
Dt

=
0.2× 10−3 m

2
√

1.6× 10−11 m2

s · 4753 s

z = 0.3626

Use the error function table or graph to find erf(z) from z:

From interpolation: erf(z) = 0.3917

Now solve for Cx based on erf(z), C0, and Csurf :

Csurf − Cx

Csurf − C0
= erf(z)→ Cx = Csurf − erf(z) · (Csurf − C0)

Cx = 1.5%− 0.3917 · (1.5%− 0.25%) = 1.01% C

(d) [0.5 pts] Describe in detail the microstructure that will result at this depth if we remove the gear

from the furnace and allow it to the cool slowly in air.

At this depth we attain carbon concentration of 1.01% which is hypereutectoid. As the gear

cools, austenite will first form pro-eutectoid cementite (Fe3C) until the eutectoid temperature
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is reached (Fe3C forms in the grain boundaries between the austenite grains). Further cooling

transforms the remaining austenite (γ) into (coarse) pearlite. The final microstructure is thus

grains of coarse pearlite in a matrix of pro-eutectoid cementite.

3. EXTRA CREDIT. [1 pt] Why are very low carbon steels (< 0.2% C) so hard to heat treat?

Very low carbon steels form very little amounts of cementite (Fe3C) and therefore little amounts of

pearlite due to the scarcity of carbon in the overall bulk alloy. This also means that by the time the

eutectoid transition is reached under cooling, there is very little austenite (γ) left to transform all at

once to form martensite, bainite, and/or pearlite.
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