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Question 1: [ I /11]

i

a) Which bond types are based on electron sl"x}armo (c1rcle) J elect ; shaved gvany nehuls
06
i) Tonic bonds ovalent bonds, l metalllc Bonds, lv) Hydrogen bonds

b) Why is Al,Oj3 so brittle? Because it is : (more than one answer may be correct)
T @ ionically bonded, ii) covalently bonded, iii) has no dislocations,
iv) has mo slip planes, @\ﬂislocaﬁons in ALO; cannot move

\ c) Is A1203 a conductor or insulator ? (mrcle and explam brleﬂy)
insalgder g lechons are 40 gl th Tonie bods,
d) You are performing'a tensile test with three different metallic materials: Aluminum (fcc), Magnesium
(hep), Tungsteir} (bee); Compared to Aluminum and Magnesium, Eoes Tungsten have: (circle)
2 i) the hlghest/ lowest yield strength; i) the hlghestﬂo‘\'vest total strain at fracture
iii) least number/itﬁgig{h_esf number of slip planes; 1v)‘r_l?‘\g[st/hlghest atomic density slip planes

¢) A tensile specimen has a cross section of 0.5” x 0.4” and a gage length of 4” aftached to the specimen.

1) After a load application of 7000 Ibs (but still in the elastic regime) the gage length increased to

7% 4.014” and the final length of the specimen is 8.75”. Deten}}ine the initial length of the
oYl vall
specimen prior to the load application. S el b2 A%
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‘ i) Determine the E- moduius of the specimen. RO M v/
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| iii) After failure the specimen’s cross section was reduced by 35%. What is the final cross section?
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l ) Does the E-modulus measure the resistance of a material tq elastic or plastic deformation? (Circle)
g) 0.2% proof stress is often used instead of yield strength. Does the 0 2% correspond to

elastic/p astic/ total strain? Please circle
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Question 2 [23 /23]

This question deals with the Al-Mg phase diagram shown on the next page.

Part I:
a) Is this phase diagram a complete solid solution phase diagram? Yesﬂ@ (Circle)
b) At which temperature does the “a” phase exhibit the highest solubility? Usl t
¢) Is “y*asingle phase or a two phase mixture? ¢l £

d) Let’s consider alloy compositions with weicht% of Mg above 50%:"

1) What is the range of alloy composmons that will exhibit a eutectic 1amellar
i
microstructure? S’?&,ﬁ 4% — 93 s M@ Peloy endectic

(Please indicate this range in the phase diagram as well).
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i1) What is the range of alloy compositions that will exhibit a two phase rnlx(u}{e wﬁhogt : .5,
¥ ecifsa A 1.9
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the eutectic microstructure? £€- 999 w17, Yy e bowe eated;, Fen e afing
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(Please indicate this range in the phase diagram as well). ++ 2 wm?éj 7% o |oo7C

Payt II:
We are interested in the two alloy compositions” alloys with 10 wt% Mg and 80 wt% Mg,
respectively.
I) Alloy with 10 wt% Mg:
1) The alloy is heated to 700°C and then quenched. Will the alloy be liguid/ s‘

' crystalline/a @phouﬁ Please circle the appropriate answers.

if) The alloy is heated to 700°C_and then slowly cooled to 400°C:

What is the composition of the phase/phases?
ol it 'Of"i “ M 49
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What is the weight fraction of the phase/phases?
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iii) The alloy is heated to 700°C and then slowly cooled to 100°C.

Sketch the micrgimcﬁure at 100°C (indicate the phase/phases in your sketch).
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What is the composition of each of the phase/phases you drew in the microstructure above?

A s absnt ) A% W
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1v) The alloy is heated ta 700°C, slowly cooled to 400°C and then quenched from 400°C to
160°C.
Sketch the

P

i€ e@lmcture at 100°C ( indicate the phase/phases in your sketch).

P

What is}ﬁconrposuion of the phase/phases you drew in the microstructure above?
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II) Alloy with 80wt% Mg g v
A vira :‘;'@j
a) The alloy is slowly cooled from the melt to 100°C.
1) Sketch the microstructure at 100°C (indicated the phase/phases in your drawing).
ii) How much of the eutectic microstructure has formed just below 437°C?
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iii) How much v is present at 100°C?
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iv) How much & has formed just prior to the eutectic transformation?
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b) The same alloy is cooled with a fast cooling rate from the melt to 100°C.
1) Would you expect the same/iower@ yield strength at 100°C as the slowly
cooled alloy above (in question Ila)? Circle and explain briefly.
_T‘!‘”\— facter {,&fﬁflf‘?‘«; rate Cteqales Lox, Gra: he, LJ«IC a’i\ are ,Qq,-.,qu,r
Gor dislocatins to vove Yavs . L Thig crenfa « highey yee(f Sfrey Ve

s



A \..«.,._ 9,
. FrLs \wﬁv s.v_\ 2Yr>4n2
o _wnisaudew adeyuasiad yydam

3N QL cgst o togp bk . D¢ N
q 4 _“
] [}
1
M +
2 ¢ i g + g
s s L ¥
§
Lo mmn Amf
/1 Jzov 0'St
A7
x m ?,\F
i %
1 1 1 1

oL 09 05 0P - DE ° O 0!

wngsaudew a9ejuaniad anuoyy Ja



Question 3: [ 1/16] This question deals with Steel
PartI:
i) Which phase in steel exhibits the lowest ductility? Circle your answer.

Ferrite /Austenite/C ementlte ) =

ii}) Which of the followmg microstructures exhibits the lowest ductility? Circle your answer.
Pearlit@/tempered martensite
iii) Let’s compare Pearlite with Tempered Martensite.
Pearlite has: (circle your answers)
Same/@gi/my microstructure o
xMSiﬁn?)dlfferent phases —
ihgher A @ / Same yield strength £%
Higher/ Lower/ $amp, stiffness -
Part II: _
The phase diagram and TTT diagram is shown on the next page. The steel alloy we are
interested in has a carbon content of 0.3 wt%. This alloy is cooled from the austenite regime

(i.e. 900°C) and reveals different microstructures at room temperature.

a) The steel alloy with 0.3 wt%C is cooled slowly to room temperature.

1) Sketch the microstructure of thls aHoy at room temperature (and indicate the
Tty 174
various phases). — peart g4
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b) The alloy reveals 100% martensite at room temperature.
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i) what is the carbon content in the martensite? - 5% 4 gne 45 pe fe j
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ii) What caused the formation of 100% martensite (use the TTT diagram and draw ¢, ). ., Fonds

. o % A & el
the appropriate cooling rate that would cause the formation of 100% martensite). * e

1i1) We don’t want to have martensite in steel. Can you suggest an easy way to get rid
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c¢) The same alloy reveals pre-o: and martensite at room temperature.
i) The carbon content in the martensite is 0.6 wt%. How was the sample treated to
reveal 0.6wt%C in the martensite? Use the phase diagram and determine the

temperature at would lead to a martensite formation with 0.6wt% C.

a5l 4y v 6067 ( PEEH€ Quemihiy

Tie bample bus slady Cosled fo \yppen a930°L

k. Meed - nde, ool ; 4 i T
i1} Draw the cooling curve as quench-hold-quench cycle in the TTT diagram that A
would produce martensite and pre-o. at room temperature. ' %/ :

iii) Both martensites [i.e. the martensite from question b) and c) in Part IT] are being
indented. Do you expect the martensite in ¢) to have the same/lower/ﬁighqe;

hardness compared to the martensite in b)? Please circle and explain.
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d) The steel alloy with 0.3 wt% C exhibits 50% Pearlite and 50% Martensite at room
temperature.
i) Draw the cooling curve as quench-hold-quench cycle in the TTT diagram that

would lead to 50% Pearlite and 50% Martensite.

¢) The steel alloy with 0.3 wit% C exhibits only Pearlite.
1) Draw the cooling curve as quench-hold-quench cycle in the TTT diagram that

would lead to 100% Pearlite.
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The eutectoid portion of the Fe-Fe,C phase diagram.
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