
MSE 230 Spring 2013
EXAM 2

Closed book, except,
1 sheet of notes, 8.5”x11”, information on both sides is allowed

! ! !

Name: __________________________

Please  circle  your recitation day and 
time:
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(a)                       /5
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(d)                       /5

total                             /20
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total                             /15
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(c)                       /5

total                             /15
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Exam 
Total /85

Cem Akatay

R1 Thur. 8:30 am

R7 Fri. 11:30 am

Shane Peng

R2 Thur. 9:30 am

R4 Thur. 3:30 pm

Jennifer Spatola

R3 Thur. 10:30 am

R5 Thur. 4:30 pm

Jason Hopper

R6 Fri. 9:30 am

R9 Fri. 1:30 pm

Geoff Gardner

R8 12:30 pm



(1) (10 pts) Put the best match in the blanks (one answer only).

____ 1080 Steel (Eutectoid Steel) A. Al-Cu

____ Sensitized Stainless Steel B. Ductile

____ Jominy Test C. vdW Bonds

____ White Cast Iron D. Hardening

____ Fe3C → 3α and Graphite E. 100% Pearlite

F. Water spray

G. Chromium

H. 2 wt% Si

I. 70 wt% Fe3C (no graphite)

2

E
G
F
I
H

2 pts each
(see lecture 13)

(see lecture 16)

(see lecture 15)

(see lecture 16)

(see lecture 16)

Notes:
• In class we considered the 1080 as the eutectoid steel (0.76 wt%) that 

produces 100% pearlite.
• Sensitization is the depletion of chromium at the grain boundaries due to a 

reaction with carbon.
• The jominy test is done by spraying with water one end of the austenitized 

sample bar.
• White cast iron is composed of 70 wt% Fe3C
• The Fe3C → 3α + Graphite reaction occurs in the presence of 2 wt% Si



2. (20 pts) Use the provided Fe-Fe3C phase diagram to answer the following questions 
for a 1020 (0.2 wt% Carbon) steel. Assume the steel has been austenitized for 1 hour 
at 850°C then, slow cooled to 725°C.

(a) (5 pts) What is the proeutectoid 
p h a s e , a n d w h a t i s i t s 
composition in terms of wt. % 
carbon?

(b) (5 pts) What is the total wt. 
fraction of ferrite (Wα) and the total 
weight fraction of cementite (WFe3C) 
at 725oC?

(c) (5 pts) What is the wt. fraction of 
Pearlite (Wpearlite)?

(d)  (5 pts) What is the wt. fraction 
of ferrite in the Pearlite 

     (Wα-pearlite)?

3

0.022 0.2 0.76 6.7

The proeutectoid phase is α (Ferrite)
Composition is 0.022 wt% C since the 
725°C is close to Teutectoid = 727°C

W↵ =
6.7� 0.2

6.7� 0.022
= 0.973

WFe3C = 1�W↵ = 0.0267

W� = Wpearlite =
0.2� 0.022

0.76� 0.022
= 0.2412

W
↵

= W
↵�pearlite

+W
↵�proeutectoid

W
↵�proeutectoid

=
0.76� 0.2

0.76� 0.022
= 0.758

W
↵�pearlite

= W
↵

�W
↵�proeutectoid

= 0.973� 0.758 = 0.215

2.5 pts

2.5 pts

2.5 pts

2.5 pts

5 pts

2.5 pts

2.5 pts

Note: See problem #1 on homework #8, pretty much the same problem 
except the composition was 0.45 wt% C.



3. (15 pts) Use the TTT curve below for an Fe-C alloy to answer the following questions.

(a) (9 pts) What microstructure(s) would be formed for the paths in the TTT plot above?
(note: no partial credit will be given in parts (i), (ii) and (iii))

(i) __________________ (ii) __________________ (iii) __________________

(b) (3 pts) What is/are the most influential factor(s) for the formation of fine pearlite? 
(circle one) 

Diffusion Nucleation or Both

(c) (3 pts) Order the following microstructures from the softest (1) to the strongest (5): 

___Bainite ___Spheroidite ___Martensite ___Tempered    
        Martensite

___Pearlite

(note: no partial credit will be given in parts (b) and (c))

4

100% Fine Pearlite
(since the temp is below 650°C)

50% Coarse Pearlite
50 % Bainite

(Medium Pearlite and Pearlite were also accepted as 
long as the correct % were included)

50% Bainite
50 % Tempered Martensite

See lecture 
14 page 7

1 23 45See lecture 
15 page 3



 4. (15 pts) A part made from 1050 steel (iron with 0.50 wt.% carbon) is carburized to 
harden the surface. To achieve the appropriate surface hardness the gear must have a 
carbon concentration of 0.6805 wt.% C at a depth of 1.5 mm below the gear surface. 
Given a surface concentration of 1.2 wt.% carbon, what is the minimum temperature 
required to accomplish this task in 1 hour?
For carbon diffusing through BCC iron: D0 = 6.2x10-7 m2/s, Q = 80 kJ/mole. 
R = 8.314 J/K·mol
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�C0
= 1� erf( x

2
p
Dt

)
C

x

= 0.6805
C0 = 0.50
C

s

= 1.2

erf(z) = 1� 0.6805�0.5
1.2�0.5 = 0.7421

z = 0.80 = x

2
p
Dt

D = 1
t

( x

2·0.8 )
2 = 8.79⇥10�7

3600

D = 2.44⇥ 10�10m2/s

D = D0exp(
�Q0

RT )

ln( D
D0

) = �Q0

RT

T = �Q0

R·ln D
D0

T = �80⇥103

8.314·ln( 2.44⇥10�10

6.2⇥10�7 )

T = 1227.3K
= 954.1�C

1 pt

3 pt

3 pt

3 pt

5 pt

Note: See lecture 10 pages 10 & 11 for a carburization example.



5. (15 pts) For an alloy containing 40 wt.% Pb and 60 wt.% Mg complete the table 
below.
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α + L
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Mg2Pb + L
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Mg2Pb + L

β + Mg2Pb

α

α + Mg2Pb

β + L

β

(Mg) (Pb)

at 500°C at 200°C
(a) (5 pts)Phase(s) 
present in the 40 wt.% 
Pb- 60 wt.% Mg alloy

(b) (5 pts) Phase
Composition for each 
phase in wt% Pb

(c) (5 pts) Phase
Weight Fraction for 
each phase

6

34
61

5 81

α + L α + Mg2Pb

α = 34 wt% Pb
L = 61 wt % Pb

α = 5 wt% Pb
L = 81 wt % Pb

34 40 61

Mg2Pb = 40�5
81�5 = 0.4605

↵ = 1� 0.4605 = 0.5394

5 40 81

L = 40�34
61�34 = 0.23

↵ = 1� 0.22 = 0.77

2.5 pts 2.5 pts

2.5 pts

2.5 pts

2.5 pts

2.5 pts



(6) (10 pts)  " " " " " " " Circle either TRUE or FALSE
1 It is possible for diffusion to occur in a material when the net flux 

(J), is equal to zero.
TRUE FALSE

2 Increasing the carbon concentration in plain carbon steel 
microstructures increases the yield strength except for tempered 
martensite.

TRUE FALSE

3 Al-Cu alloy is precipitation hardened by heating it into a single 
phase field (α) followed by quenching to form a super saturated 
solid solution of Cu in Al followed by controlled aging.

TRUE FALSE

4 Alloying elements in steels shift the knee of the TTT curve to the 
right making it possible to form martensite to a greater depth.

TRUE FALSE

5 Most plain carbon steels are stable at temperatures above 300°C. TRUE FALSE

7

(see lecture 
15 -page 4)

(see lecture 
15 -page 11)

(see lecture 
15 -page 8)

(see lecture 
16 -page 13)


