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Dear Friends, there are 2 types of bonuses in this exam, intrinsic and extrinsic @
- You have 1OO minutes.
- Answers without unit WlLL NOT get credit!
- Please check the tables and cheat sheets (3 pages in total} You may need them.
- Mobile phone usage is absolutely forbidden!
- Answers of each question must be on the relevant questlon page.
- Constants that you may need are;

R: 8.314 l/[mol KJ ; Ne: 6.a2Zxla23 atoms/mol ; k: 1.3B x 10-23 m2 kg / [s2 Kj

1) Why a rain droplet is spherical in shape (5 pts), and why a single crystal material is not? (10 pts)
Please explain in detail.
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2) (a) (5 pts) Prove that

t). \ {r; J},Y;-i\'/iıi \ i-\ t ll"\'.;-ir,
!,

(b) Use this equation to drive an equation for the change in the -:=--: :ıergy of the sy:_-^ : ı:s
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3) There are 2 different nickel materials; a fully dense polycrstalline, and a partially dense
PolYcrystalline with some porosity. Nickel atoms wi|l diffuse from position A to position B.
(a) Please drawthe most dominant diffusion paths of the nickel atoms at 2OO0C in each case (8
pts) and explain.
(b)What changes if the temperature will be 12O00C (9 pts)? Please explain the reasons for each
case.
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4) Carbon content of 0.5 wt% is reached at 556 pm away from the surface of y-Fe after 8 hours

carburization process with a surface concentration of 1,5 wt%. What is the carburization
temperature? (10 pts) What kind of defect is produced in iron by this process? (3 pts)
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5) You are given ;

- The phase diagram of the binary compound. Assume that the compund has BCC lattice in all
compositions.

Positron annihilation measurement results, such that there are 4 vacancies are present in 1_06

lattice points for the same compound at equilibrium.
- The activation energy of vacancy formation, 80 kJ/mol.

Please draw the free energy-composition curve of the material for this vacancy condition. (25
pts)
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6) Now it is 05:00 in the morning and l am preparing you this boring que:: -- 
, .-, : eepy,

therefore some of the statements may be wrong. Please correct them ıf i ] - _- - . : ^,at it is

v./rong, and p|ease explain the correct one(s). (5x5 pts)

a) lf l mix 3O0 gr iron and 1OO gr aluminum nano-powders homogenously aı: - =.. :3 to 9OO0C,

Fe3Al will form at equilibrium. Because its free energy is lower than the otı.- : - .s= j.

b) Chemical potentialof Fe is higherthan chemical potentialof Al at 14O00C, oĞ::.-.: :: ıa5
higher melting temperature.

c) Atoms always diffuse from high concentration regions to the low concentration :,€i : -:

because they tend to make their concentrations equal everywhere.

d) Thermodynamics tells us the speed of Phase Transformations via diffusion of species, T-=

relation for this phenomena is given by the equation below:
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e) Free energy curve of FeAl2 is very narrow, because its phase region is also very narrow.
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BONUS QUEST|ON (10 pts)

Below it is shown the free energyvs crystallite size graph during solidification of a metal. Please

explain the behaviour of the curve in detail.
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