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Pure W W + 0.4wt% Ni

Surface Transition and Alloying Effect  Surface Transition and Alloying Effect  –– N.M. Hwang et al., 2000.N.M. Hwang et al., 2000.
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Pure W W + 0.4wt% Ni

Vaccum Annealing



Abnormal Grain Growth  Abnormal Grain Growth  –– from N.M. Hwang from N.M. Hwang 
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ScopeScope

Fundamentals

1. Concept of Surface Energy
2. A Rough Estimation of Solid Surface Energy
3. Anisotropy of Surface Energy
4. Curvature Effect

• Capillary Pressure
• Vapor Pressure
• Solubility
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• Solubility
• Melting Point

5. 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 TensionConcept of Surface Energy and Surface Tension
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※ Surface Energy and Tension

for Liquids and Solids
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εAs ZNH 5.0=∆Pair approximation

Necessary Work for Creation
of (111) surface in fcc (/atom)

For fcc (111): N/A = 4/(31/2a2)
fcc (100): N/A = 2/a2

Rough Estimation of Solid Surface EnergyRough Estimation of Solid Surface Energy
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For Cu:  a = 3.615  Å           △Hs =337.7J/mol
γ(111) = 2460 erg/cm

2 (1700 by expt.)

For fcc                                                      
※ Origin of Anisotropy 

fcc (100): N/A = 2/a



Approximation for Estimation of Grain Boundary EnergyApproximation for Estimation of Grain Boundary Energy
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Anisotropy of Grain Boundary Energy  Anisotropy of Grain Boundary Energy  –– [100] and [110] tilt Bd. of Al [100] and [110] tilt Bd. of Al 
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Why Interface/Grain Boundary Properties?Why Interface/Grain Boundary Properties?
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Wetting angle : 36o Wetting angle : 120o

Fe - 0.5% Mn – 0.1% C,   dT/dt = 1 oC/s

from SG Kim, Kunsan University



Grain Boundary Identification SchemeGrain Boundary Identification Scheme

How to uniquely define misorientation and inclination between two neighboring grains
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Grain Boundary Energy of BCC FeGrain Boundary Energy of BCC Fe
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Sigma (Σ) Theta (θ) (hkl) plane Sigma (Σ) Theta (θ) (hkl) plane

5 36.87 100 11 144.9 310
3 70.53 110 5 180 310
11 50.48 110 7 115.38 310
9 38.94 110 3 146.44 311
3 60 111 9 67.11 311
7 38.21 111 11 180 311
3 131.81 210 5 95.74 311
9 96.38 210 11 100.48 320
7 73.4 210 7 149 320
5 180 210 7 180 321
3 180 211 9 123.75 321
5 101.54 211 9 152.73 322
11 62.96 211 11 82.16 331
7 135.58 211 7 110.92 331
9 90 221 5 154.16 331
5 143.13 221 11 180 332



Curvature Effect  Curvature Effect  –– Capillary PressureCapillary Pressure
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System condition

T = constant
Vα = Vβ = V = constant

@ equilibrium 
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Curvature Effect  Curvature Effect  –– Capillary Pressure Effect on Vapor Pressure and SolubilityCapillary Pressure Effect on Vapor Pressure and Solubility

Solubility of pure B phase in a dilute solution
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Solubility of pure B phase in a dilute solution
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Curvature Effect  Curvature Effect  –– Capillary Pressure Effect on Melting PointCapillary Pressure Effect on Melting Point
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Thermodynamics of Nano Particles or Thermodynamics of Nano Particles or NanowiresNanowires
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Size dependence of melting points of Au nano particles.



Au

Melting points of Nano ParticlesMelting points of Nano Particles

PtNi
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Pt

WMg



PtNi

Melting points of Nano WiresMelting points of Nano Wires
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Measurement of Surface Energy  Measurement of Surface Energy  –– Surface Energy of LiquidSurface Energy of Liquid
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Measurement of Surface Energy  Measurement of Surface Energy  –– Surface Energy of SolidSurface Energy of Solid
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Measurement of Surface Energy  Measurement of Surface Energy  –– Relative Interface Energy of SolidRelative Interface Energy of Solid
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Interfacial Phenomena  Interfacial Phenomena  –– AdsorptionAdsorption

θ
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Physisorption : Van der Waals

Chemisorption : Chemical Bonding

Langmuir adsorption : monolayer chemisorption
θ : fraction of surface site covered
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Interfacial Phenomena  Interfacial Phenomena  –– Competitive AdsorptionCompetitive Adsorption

BAAaa
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θA : fraction of coverage of A
θB : fraction of coverage of B

• A(g) + S ↔ AS
• B(g) + S ↔ BS

For A :
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Interfacial Phenomena  Interfacial Phenomena  –– Multilayer Adsorption  (BET isotherm)Multilayer Adsorption  (BET isotherm)

1. A(g) + S ↔ AS θ1 = θ0 K1P
2. A(g) + AS ↔ A2S θ2 = θ1 K2P
3. ….
n. A(g) + An-1S ↔ AnS θn = θn-1 KnP

K1 : chemisorption
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K1 : chemisorption
K2, …, Kn : the same physisorption (interface)

assume K2 = K3 = … = Kn = K



Interfacial Phenomena  Interfacial Phenomena  –– Segregation (Guttmann)Segregation (Guttmann)

iiiii
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Assume a one atomic layer surface phase and consider equilibrium 

between bulk and surface

where ωi is the molar surface area
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Interfacial Phenomena  Interfacial Phenomena  –– Segregation (Physical Meaning of Quantities)Segregation (Physical Meaning of Quantities)
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Interfacial Phenomena  Interfacial Phenomena  –– Segregation (Butler/Tanaka)Segregation (Butler/Tanaka)
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Interfacial Phenomena  Interfacial Phenomena  –– Segregation (Example)Segregation (Example)
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Interfacial Phenomena  Interfacial Phenomena  –– Equilibrium Shape of A CrystalEquilibrium Shape of A Crystal
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Interfacial Phenomena  Interfacial Phenomena  –– Abnormal Grain Growth  (N.M. Hwang)Abnormal Grain Growth  (N.M. Hwang)

Byeong-Joo Lee
www.postech.ac.kr/~calphad


