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Surface Transition and Alloying Effect — N.M. Hwang et al., 2000.
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Abnormal Grain Growth - from N.M. Hwang
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Abnormal Grain Growth - from N.M. Hwang
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Concept of Surface Energy

A Rough Estimation of Solid Surface Energy
Anisotropy of Surface Energy

Curvature Effect

« Capillary Pressure

*  Vapor Pressure

*  Solubility

*  Melting Point

Measurement of Surface/Interface Energy

Interface Phenomena

1. Adsorption
2. Segregation
3. Crystal Shape
4. Grain Growth
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Concept of Surface Energy and Surface Tension

oG
dG = —SdT +VdP +y dA y=|—
0A ); p
2ly dx = Fdx
_F
Y
Y s - f
Ve ¢ Surface Energy and Tension
Stretching a film—increasing area. for Liquids and Solids
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Rough Estimation of Solid Surface Energy

Pair approximation AH =0.5ZN ,¢
Necessary Work for Creation W E P AH y = AH (N j
of (111) surface in fcc (/atom) 2 4N , 4N, \ 4

For fcc (111): N/A = 4/(312a?)
fce (100): N/A = 2/a?

For Cu: a=3.615 A AHs =337.7J/mol
Yainy = 2460 erg/lcm* (1700 by expt.)

For fcc Voo _ 2 =1.15
* Origin of Anisotropy Y \/5
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Approximation for Estimation of Grain Boundary Energy
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Anisotropy of Grain Boundary Energy — [100] and [110] tilt Bd. of Al
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Why Interface/Grain Boundary Properties?

Wetting angle : 36° Wetting angle : 120°

[ Fe - 0.5% Mn —0.1% C, dT/dt=1°C/s ]

from SG Kim, Kunsan University
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Grain Boundary Identification Scheme

How to uniquely define misorientation and inclination between two neighboring grains
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Grain Boundary Energy of BCC Fe
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Normal GBE of Bcc Fe, mJ/m?
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Curvature Effect — Capillary Pressure

System condition
T = constant
V¢ =VB =YV = constant

dF = —-SdT — PdV + ydA
=—PPdV’ —P*dV* + ydA
=— (P’ = P*)dV”’ + ydA

@ equilibrium
dA
av’
dA = (r, + )0, - (r, + )0, — 1,0, - 1,0, = (1, +1,)H6,0, +(5) 0,0, = (1, +1,)6,0,

AP=(P"-P")=y

dv’ =rr,dr0,0,

AP:(Pﬂ—P“)zy(i+i]
h
B a 1 1 B a
AG=G) -G, =V AP=yV | —+—|=u"—-u
ho n
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Curvature Effect — Capillary Pressure Effect on Vapor Pressure and Solubility

Vapor Pressure
2 P’
Moy =M =—7 V,y =M, —H,,=RTIn—
’ ’ r ’ ’ P’
mE _Vu 2y
P’ RT r

o0

Solubility of pure B phase in a dilute solution

2y 48
r

Hpr = Hpo = V, =RTIna, = RT Inkx,, k-xg, =1

xB,r

My, — My, =RTIn

'xB,oo

Xpr _ V. .27/14—3
X RT r

o0

9
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Curvature Effect — Capillary Pressure Effect on Melting Point

25,
Vv

P, =P +

2
du, =-S,dT +V,dP, ditg = —SdT +VedP = —SdT + VSd(PL + - J

d
(S, =S)dT —(V, =V)dP, =2y, Vs r_j -0
1400
_ dr o]
ASde B 27/5_LV’" r_2 1200 Q:DI:P BC%?&«’-‘&& SO
T, T. dr 1100 gU
; B . dr o
As, [ dr =275, [ 2 o
.
2 V 800+
a5, (1, -1 - a5 a7, - Zsile
r 800 B Presont simdation, MEAM
M : mzﬂ:-ﬁﬂggﬁmﬁm
AT = 27S_LV’" 2)/S—LI/mTVm 1 z_ ] " Samtlon 25, Expaivert !
"TTUAS . o 3 1 5 5 n % u ®
ASmr AHm 4 Diameter (nm)
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Thermodynamics of Nano Particles or Nanowires

1.0
0.9-
0.8
0.7 -
PE r,\
- ¢ MD Simulation
0.5 o Buffat and Borel(1976)
/ ~<  Sambles(1971)
044 / Constant Ay
0.3 :’ Size dependent Ay
6 9 12 15

Diameter(nm)

Size dependence of melting points of Au nano particles.
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Melting points of Nano Particles

1.0~ - 1.0
0.9k -.b-____ o il . 0.9- "l.v_.-'—“-.b_-——._._
s> Ni Pt
0.8 ¥ 0.8+ :
¥
. 0.7 . : 0.7 {
Eoer 4 E 06 |
|
0.5r | | ¢ MD Simulation ' + MD Simudation
L | Canstant A 0.4 - If Caonstant &
II — Size dependant Ay | = Size dependeant Ay
0.3 T T T 0.3 T r ' 1
L] 3 B 8 12 15 0 3 & 9 12 15
Diameter{inm) Diameter{nm)
(a) (b)
1.0 — - 1.0
_'—'—'_'_'_._'_L
0.9 e | 0.9 5 W
- Mg = »
0.8- 0.8 P
0.7+ 0.7
L_‘E ti
= 0.6 = 0.6 Ik
081 { # MD Simulation 0.8 # MD Simulation
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Melting points of Nano Wires

¢ MD Simulation (100)
& MD Simulation (110)
v MD Simulation (111)
------- Constant Ay
—— Size dependent Ay
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Measurement of Surface Energy — Surface Energy of Liquid

P "E‘Gj?,'
Py Surface of /
liguid \> ;/
Tube
P N __"'_”T—
)
. . Y R
Minimum radius
of curvaturs
Bubble method for surface energy determination Capillary rise method for surface energy measurement
r=R/cos@
AP=P —F, ="
2cos@ -y
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Measurement of Surface Energy — Surface Energy of Solid

l i l g J) l ow,,, =mg-dl =y -dA

A=2ml dA =27 (rdl + ldr)

+ / V = m*l = const.
B : 1r
i / dV =2rx ldr + m,dl =0 dr=—57dl

m
Weight applied to wire — ?/ = —g
Elongation method for measurement of surface energy of solids i
mg-dl=y-dd+y,dAd,
Grain
boundaries 5
Y i =dos)
N

mg=mvry —TFr 77/gb

Stress

Pohang University of Science and Technology
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Measurement of Surface Energy — Relative Interface Energy of Solid

V23 V12 V31

sinf, smn6, smnd,

712
=< \@ Y11 = 2)1, COS| —
Y12
Two-phase equilibrimm
Vi
Vsy =Vis T ¥y €080
0
1
Vis Y sy
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Interfacial Phenomena - Adsorption

Physisorption : Van der Waals
Chemisorption : Chemical Bonding

Langmuir adsorption : monolayer chemisorption
0 : fraction of surface site covered

R =K, P(1-6)
R, =K,0
@ equilibrium K P(1-0)=K,0
¢ ka)
P1-0) K,
0 KP
1+ KP

&) T3Sl
oY) LOO =
i;ggzﬁ“ Y/ Pohang University of S

ity of Science and Technology
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Interfacial Phenomena — Competitive Adsorption

0, : fraction of coverage of A
0y : fraction of coverage of B

- A(g)+S <o AS
- B(g)+S < BS

For A : R,=K,P,(1-0,-0;)
R, =K,0,

ForB : R, =K, P,(1-0,-6,)
Rd :KdHB

QA _ KA(T)PA

0, K,(T)P,

QA :KA(T)
PA(I_QA _93)

QB :KB(T)
PB(I_QA _‘93)

o) BRSBTSt
oY) LOO =
i;g:ﬁ“ Y/ Pohang University of S

ity of Science and Technology
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Interfacial Phenomena - Multilayer Adsorption (BET isotherm)

1. A(g)+S e AS 0, =0, K,P
2. A(g)+AS > A,S 0,=0, K,P
3. ...

n. A(g) T An—ls « Ans en - en—l KnP

K, : chemisorption
K,, ..., K, : the same physisorption (interface)
assume K, =K;=... =K, =K

6 =06, (KP)"
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Interfacial Phenomena - Segregation (Guttmann)

Assume a one atomic layer surface phase and consider equilibrium

between bulk and surface

°G! +RTIny’ X! = 1! + ow,

where o, 1s the molar surface area
Assume ;= ®; = ... = ®

B

f]"Om lLll¢ :/Lli

é B
X, _Xi o~ AG* I RT

=[G -G’ ]+RT1n7’

‘"GP +RTIny’ X! = u’

¢

7;‘ XB

Pohang University of Science and Technology

www.postech.ac.kr/~calphad

L i AG™ = [°G! =G 1[G’ - "GB]+RT1n7/l A
Xy X, riv!
Y BoAG/RT
for multicomponents X! —
— seg
1+Y X5 ™ -1
j=1
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Interfacial Phenomena - Segregation (Physical Meaning of Quantities)

4 B
AG™ = [°G?—°GP ]G’ - OG,f]+RT1n7f/g
ynj/i

xXs—¢ xs —B

—0'c, —0°c, +[A Gl —A" G ]-[A"Gi —A" G ]

B

from  ul =y

¢ ¢
= [°G’~°G*]+ RTn L L
Y X,
1 vt web RT ) ¢4
—[°G!-°G B]+—[A i A" Gi ]+ —In—L
i Q; . X,
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Interfacial Phenomena - Segregation (Butler/Tanaka)

¢ W FEW; =" o= 166 a6l a6 1 Kt )
- peie6m1+ a6l A G+ R nx s x?)
, , ;

_{iVG;"—“Gf]—i["Gf—”Gf]+i[A Gl -A"G/1-— A" G} —Axs@f]} =it 1 x)-Linxs rx2)
o, o, o, o, o, @,

1 1

1{()(;5 JXE)o (X XP )w} = —AG*=' /RT

YR P T

xs—B

AT Gl -A" G

AGY = ["G! G- GG 1+[A" Gl A" G/ |-
(0] (0]

n n
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Interfacial Phenomena - Segregation (Example)
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Fig. ;. Cu(111) surface composition versus Cu bulk composi- 800 at 523K cul /ag
tion for Cu-Ni alloys: comparison between the experimental 750 - -
and theoretical results. Regular model: 7 =973 K. ( ) 700 B
surface; (— — —) 2nd plane. Monte Carlo calculations: 7 = - T Zn
973 K, (*) surface; (*) 2nd plane. Experimental results: (2) 5 650 -
AES, T=873 K. ref. [18]; (+) AES, T'=2873, 2nd plane. ref. [= 600 i
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Interfacial Phenomena - Equilibrium Shape of A Crystal

y1{110)
X
ol 100) i \_;F- -
| [
2 2
ES:2£clz—C2 Vo tCY; Azaz—%zconst.

222[\/5_& Jor yy =y 2a_§ =C
a
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Interfacial Phenomena - Abnormal Grain Growth (N.M. Hwang)

#)) (b} (c)

Figure 2 Microstructure evolution after (ad 30U MO, (b 300 MCS and (o) 2000 MIS with the percentages of type 11 grains, (a) 100%, () 705 and
[¢) $04%. The gruin boundary between AGC and type { grains has energy 3 ttmes that between AGG and type [ grains or between type [ and type I
grains.
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Figure 3 Mictostruciure evolution after {2) 300 MCS, 1b3 300 MCS and i) 1000 MCS with percentages of tvpe 1 grawmns, () 100%, (b) B0% and {(¢)
60%. The overall mobility excepi at the triple junction is reduced by 10 times. Conditions for anisotmopy in grain boundary energy are the same s

Fig. 2.
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