
• Particle aspect ratio / perimeter 

o HIGH wettability: as expected: larger perimeter  more 

attached metal 

o LOW wettability: not as expected  
 

 

 

 

 

 

 
 

• Proximity of particles 

o particles close together : 

metal attached on side not oriented to other particles  

o 1 metal droplet shared by several particles for LOW 

wettability 

 

 

 

 

Close Far 

𝒙𝑺 = 𝟎. 𝟔𝟎 
𝒙𝒊 = 𝟎. 𝟔𝟑 

𝒙𝑺 = 𝟎. 𝟖𝟎 
𝒙𝒊 = 𝟎. 𝟔𝟑 
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Symbol Description Value(s) 

𝚫𝒙 Grid spacing 4
10 10−7m 

𝑾 
Depth of the double well 
function 

15 ∙ 106 J/m³ 

𝜿𝝓 
Gradient energy 
coefficient for the solid-
liquid interfaces 

15
8 ∙ 106 J/m 

𝑳 
Kinetic coefficient for the 
evolution of 𝜙 

10−30 m³/(J s) 

𝜿𝒙𝑴
 

Gradient energy 
coefficient for the liquid-
liquid interfaces 

6 ∙ 10−6 J/m 

𝑴 
Mobility coefficient of 
the metal 

10−19 m5/(J s) 

Influence of interfacial energies and initial supersaturation (𝒙𝒊) 

𝒙𝑺 
𝜸𝑺,𝑳𝑶 
[N/m] 

𝜸𝑺,𝑳𝑴 
[N/m] 

𝜸𝑳𝑶,𝑳𝑴 
[N/m] 

Contact 

angle 𝜽 [°] 
Wetting behaviour 

Contour plots 

𝒙𝒊 =0.61 (*) 

0.4 1.2641 4.0093 0.903 / 
Non-wetting:  

only oxide attached 
𝛾𝑆𝐿𝑂 − 𝛾𝑆𝐿𝑀 > 𝛾𝐿𝐿  

& 𝛾𝑆𝐿𝑂 < 𝛾𝑆𝐿𝑀 
0.5 1.2500 2.8140 0.903 / 

0.6 1.2641 2.0260 0.903 147.54 Low wettability: 
predominantly oxide 

attached  
𝛾𝑆𝐿𝑂 − 𝛾𝑆𝐿𝑀 < 𝛾𝐿𝐿  

& 𝛾𝑆𝐿𝑂 < 𝛾𝑆𝐿𝑀 

 0.7 1.3631 1.5604 0.903 102.62 

0.8 1.6318 1.3325 0.903 70.64 High wettability: 
predominantly metal 

attached 
𝛾𝑆𝐿𝑂 − 𝛾𝑆𝐿𝑀 < 𝛾𝐿𝐿  

& 𝛾𝑆𝐿𝑂 > 𝛾𝑆𝐿𝑀 0.9 2.1551 1.2572 0.903 6.09 

0.95 2.5387 1.2504 0.903 / 

Full wetting: 
only metal attached  

𝛾𝑆𝐿𝑂 − 𝛾𝑆𝐿𝑀 > 𝛾𝐿𝐿  

& 𝛾𝑆𝐿𝑂 > 𝛾𝑆𝐿𝑀 
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𝒙𝑺 can be used as a parameter to vary the  

solid-liquid interfacial energies 

Aspect ratio 50-48 160-15 

𝒙𝑺 = 𝟎. 𝟔𝟎 
𝒙𝒊 = 𝟎. 𝟔𝟑 

𝒙𝑺 = 𝟎. 𝟖𝟎 
𝒙𝒊 = 𝟎. 𝟔𝟑 
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Input parameters 

Model 

Influence of particle morphology 

Conclusions 

Introduction 

0.4 0.5 0.6 0.7 0.8 0.9 1
0

2

4

6

8

10
x 10

5

x
M

f(
x

M
)

 

 
liquid(spinodal) solid

𝒙𝑺 

variable 

𝒙𝒆𝒒,𝒔𝒍𝒂𝒈

= 𝟎. 𝟓 

𝒙𝒆𝒒,𝑴 

= 𝟎. 𝟗𝟖 
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Results (after evolution of 100s = 106 steps) 
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Particle 

𝝓 = 𝟏  
𝒙𝑴 = 𝒙𝑺 

Liquid slag 

𝝓 =0  
𝒙𝑴 = 𝒙𝒆𝒒,𝒔𝒍𝒂𝒈 

Contact angle 𝜽  

 
Metallic droplets attached to solid 

particles in slags lead to production 

losses in pyrometallurgy. 

 
 

 

 

 
 
 

Experimental micrograph of Cu droplets attached to solid particles  

(E. De Wilde et al. unpublished data) 

 

 
Phase field model for solid-liquid binary system (O-M) with 

spinodal decomposition in the liquid  

phase-field variable 𝜙 + composition field 𝑥𝑀 

 

 

 

 

Assumptions: 

• Particle does not react 

• Constant molar volume 𝑉𝑚 in all phases 

• Particles present before droplets 

• Constant T and P 

• No convection 
 

𝐹 =   𝑓𝑆−𝐿,𝑖𝑛𝑡𝑒𝑟𝑓 𝜙 + 1 − ℎ 𝜙 𝑓𝐿𝑖𝑞𝑢𝑖𝑑 𝑥𝑀 + ℎ 𝜙 𝑓𝑆𝑜𝑙𝑖𝑑 𝑥𝑀

+ 𝑓𝛻𝑥𝑀
 𝑑𝑉 

=   𝑊𝑔 𝜙 + 
𝜅

2
𝛻𝜙 2 + 1 − ℎ 𝜙

𝐴𝑆𝑝

2
𝑥𝑀 − 𝑥𝑒𝑞,0

2
𝑥𝑀 − 𝑥𝑒𝑞,1

2

+ ℎ 𝜙
𝐴𝑆

2
𝑥𝑀 − 𝑥𝑆

2 +
𝜅𝑥𝑀

2
𝛻𝑥𝑀

2 𝑑𝑉 

With ℎ 𝜙 = 𝜙3 10 − 15𝜙 + 6𝜙2  

Interfacial widths and energies: 

𝛾𝐿,𝐿 =
1

6
𝜅𝑥𝑀

𝐴𝑆𝑝 𝑥𝑒𝑞,1 − 𝑥𝑒𝑞,0
3
  

 

𝛾𝑆,𝐿 =
1

3 2
𝑊𝜅 + 𝛾𝑆,𝐿

𝛻𝑥𝑀 

With 𝛾𝑆,𝐿
𝛻𝑥𝑀 ≈

1

6
𝜅𝑥𝑀

0.5 𝐴𝑠𝑝 + 𝐴𝑠 𝑥𝑒𝑞,𝑘 − 𝑥𝑆
3
  

 

 

Evolution equations 

𝜕𝑥𝑀

𝜕𝑡
 = 𝛻 [M 𝛻 1 − ℎ 𝜙 𝑓′

𝐿𝑖𝑞𝑢𝑖𝑑
𝑥𝑀 + ℎ 𝜙 𝑓′

𝑆𝑜𝑙𝑖𝑑
𝑥𝑀 − 𝜅𝑥𝑀

𝛻2𝑥𝑀 ] 

 

𝜕𝜙

𝜕𝑡
= −𝐿 𝑊𝑔′ 𝜙 + ℎ′(𝜙) 𝑓𝑆𝑜𝑙𝑖𝑑 − 𝑓𝐿𝑖𝑞𝑢𝑖𝑑 − 𝜅𝛻2𝜙  

 

 

  
• Presence of particle  ‘localized’ spinodal decomposition  droplets nucleate locally around or even on sides of particle 

•  𝒙𝑺-variation  change in interfacial energies, contact angles and wetting behaviour (4 regimes) 

• Perimeter of the solid particles  number of available positions for metal to be attached to  only important in HIGH wettability regime 

• Distance between particles   no influence on amount of metal attached + but droplets oriented away from other particles when too close to one another 

Metal droplet 

𝝓 = 𝟎  
𝒙𝑴 = 𝒙𝒆𝒒,𝑴 


