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Thermodynamics of Vacuum Distillation

 Vacuum metallurgy is an important process in metallurgical processing 

[1]. It is less pollutant, and the operation conditions are good.

 Traditional methods of refining [2]: 

 Softening

Harris

Electrolysis

 Impurities to remove: Cu, Ag, As, Sb, Sn, Bi, Zn

Activity Coefficient (𝛾𝑖) Models

 Vacuum distillation is clean, pollutes less

 Vacuum distillation can be applied to refining of lead.

MIVM

 Removal of As, Sb, Zn from Pb

 Removal of Pb from Cu, Ag, and Sn

 Slight Removal of Bi from Lead

 Molecular interaction volume model (MIVM) [2-7]

 Non-random two liquid (NRTL) [8], 

 Wilson equation [9-11]

T-x-y, P-x-y Diagrams
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Wilson Equation
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 Center for Resource Recovery, and Recycling (CR3)
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 Separation based on volatility of constituents (vapor pressure)

 Vapor pressure by the Clausius-Clapeyron equation:  P in atm and T in K

 When present in an alloy, the partial pressure is 𝑃𝑖 = 𝑥𝑖𝛾𝑖𝑃𝑖
∗

 Separation coefficient 𝛽 =
𝛾𝑖𝑃𝑖

∗

𝛾𝑃𝑏𝑃𝑃𝑏
∗

NRTL Model

 Investigation of vacuum distillation as an alternative process to refine 

crude lead.      

𝐥𝒐𝒈𝑷∗ = 𝑨 ∗ 𝑻−𝟏 + 𝑩 ∗ 𝑳𝒐𝒈 𝑻 + 𝑪 ∗ 𝑻 + 𝑫
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Figure1. Saturated Vapor Pressures of Metals

Figure 2. T-xi-yi and P-xi-yi diagrams and compared to experimental data. [12]

𝑉𝑚,𝑖𝑉𝑚𝑗:𝑀𝑜𝑙𝑎𝑟 𝑣𝑜𝑙𝑢𝑚𝑒𝑠 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝑠 𝑖 𝑎𝑛𝑑 𝑗
𝐵𝑖𝑗 , 𝐵𝑗𝑖: 𝑃𝑎𝑖𝑟 − 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛

𝑝𝑎𝑟𝑒𝑚𝑒𝑡𝑒𝑟𝑠 𝐵𝑖𝑗 ≠ 𝐵𝑗𝑖
𝑍𝑖 , 𝑍𝑗: 𝑐𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖 𝑎𝑛𝑑 𝑗

𝜏𝑖𝑗𝜏𝑗𝑖: 𝐸𝑛𝑒𝑟𝑔𝑦 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠, 𝜏𝑖𝑗 ≠ 𝜏𝑗𝑖 ; 𝑔𝑖𝑗 , 𝑔𝑗𝑖: 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑖 − 𝑗 𝑝𝑎𝑖𝑟

𝛼𝑖𝑗 , 𝛼𝑗𝑖: 𝐸𝑛𝑒𝑟𝑔𝑦 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 𝛼𝑖𝑗 = 𝛼𝑗𝑖

𝐴𝑖𝑗 , 𝐴𝑗𝑖:𝑊𝑖𝑙𝑠𝑜𝑛 𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠

𝐴𝑖𝑗 ≠ 𝐴𝑗𝑖
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