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Dear Friends, there are 2 types of bonuses in this exam, intrinsic and extrinsic ©
You have 100 minutes.
Answers without unit WILL 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 question page.
Constants that you may need are;

R:8.314 J/(mol K} ; Na:6.022x10%3 atoms/mol ; k:1.38x 1023 m?2kg / (s2 K)

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

G=X G, +0X3 + RTIn X )+ X,(G, + X2+ RFIaX ,)

(b) Use this equation to drive an equation for the change in the internzl energy of the system (5 pts).

a} :
Ge Ny 6, « SN 1 by + NG+ 2N K <£T N Lo X

XAG,Q'(’ Xgéﬁ = 6

©

= . ET B [)Cﬂ“)(g) eEE (XAAXA‘L)@AY&)

/(Ae)(fi = 6:-60 +JLX,4X5TIZT<>(A/@\)§U‘ 5¢X>
AHMy —TASM(X

= CCGO ’5’6{%(\«& "TASMN =5 /_56 e )H (yeg Agmx

PSS

b)Y = ber APV

C bbby b dew wksd oy AP

] d. By

2 NE DNE<TAS S Ondu oM be ocaepies. B
— = St e

— \j .

BG AT 850

Wi BIENIGIE = e Tl A



3) There are 2 different nickel materials; a fully dense polycrstalline, and a partially dense
polycrystalline with some porosity. Nickel atoms will diffuse from position A to position B.
(a) Please draw the most dominant diffusion paths of the nickel atoms at 200°C in each case (8
pts) and explain.

(b) What changes if the temperature will be 1200°C (9 pts) ? Please explain the reasons for each
case.
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4) Carbon content of 0.5 wt% is reached at 556 um 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 10°
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 itis 05:00 in the morning and | am preparing you this boring question. | am sleepy,
therefore some of the statements may be wrong. Please correct them if you think that it is
wrong, and please explain the correct one(s). (5x5 pts)

a) If I mix 300 gr iron and 100 gr aluminum nano-powders homogenously and hezt up to 900°C,
FesAl will form at equilibrium. Because its free energy is lower than the other phases.

b) Chemical potential of Fe is higher than chemical potential of Al at 1400°C, because Fe has
higher melting temperature.

c) Atoms always diffuse from high concentration regions to the low concentration regions,
because they tend to make their concentrations equal everywhere.

d) Thermodynamics tells us the speed of Phase Transformations via diffusion of species. The
relation for this phenomena is given by the equation below:

X,

i i 4
v=(0, - D, }—

e) Free energy curve of FeAl, is very narrow, because its phase region is also very narrow.
; ' Vo ’:> Z}Q
/‘> A,L 3&,(/ P\/\»x- Jreng« SL'»\/B /fwfrml“* % CCAQ el %}w//é/f / é" )’/
‘ “[]r - y b J a He Ue
LY M liec, ploe o pillions of composidier Miswy fncformeden ta He g J =D

s s o bl e Lo € e Ll (s e
C\ /U‘°+ 0[‘“‘:054/ e CVD Agﬂic Percent Aluminum 5ecvi< Cw{ [%LJW/ MM%

0102030 40 50 60 70 80 90 10¢ .
]6(}(} . vt Ly 4 T L -t et T — l‘ T #t JI}(}\/N J(NCA\/
1538°C B ot e
1400 L - dfJeenc
13940C O\ 1310°C s
(akFe) o
& A123200%, bl 02°C 1160°C -
z e}/ o1102ec—
5 ==+ '
) FeAl < ot
° IR e
i £ 655°C
< B L e 660°C
ol i
-Fe Al | g1 (Al
& . - [ ] [
' ‘:' - . E"_ i %1 . . : i
20 30 40 350 60 70 80 90 100
Weight Percent Aluminum Al

é\ ﬂwmoéjwq Q\aeyjr dd us 5Y@aé oj O«/Ij%rjjf’ 0y /L&I'Lel/ci;> %,/5(

ﬁ» (9/&6}‘



BONUS QUESTION (10 pts)
Below it is shown the free energy vs crystallite size graph during solidification of a metal. Please

explain the behaviour of the curve in detail.
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