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Calculation of the Transient Settling Time for a CCS Section 

A simple, first-order approximation for determining the time required for a contactor section to reach 

steady-state is based on Newton’s mixing vessel model in which a contactor section is represented as an 

ideal mixing tank with an inlet and an outlet and their respective concentrations, Ci and Ce (see Figure S1). 
1 The system is regarded as having reached steady-state when the outlet concentration becomes 

approximately constant with respect to time, to be determined by a set criteria (i.e. the concentration reaches 

within 5% of the steady-state value). The model described relies on empirical data for holdup, Vsection, and 

throughput qsection. It is important to note that the model assumes ideal mixing (where the concentration 

within the contactor, Csection, is equal to Ce) within the contactors and does not take into account chemical 

kinetics, which may dampen the transient behavior if the mass transfer rates between the phases are slow 

when compared with the flow rates. 

 

Figure S1. Control volume model showing the concentrations of the flow into the control volume as well 

as the flow out, which is equal to the concentration inside. 

Conservation of volume requires that for a mixing vessel containing a constant volume, the volume that 

enters the vessel, ∆Vi, must equal the volume leaving the vessel, ∆Ve, which can be defined as 
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∆𝑉𝑖 =  ∆𝑉𝑒 =  𝑞𝑠𝑒𝑐𝑡𝑖𝑜𝑛 ∗ ∆𝑡. 

Likewise, the concentrations of the control volume, feed, and effluent may be related using conservation of 

mass: 

𝑉𝑠𝑒𝑐𝑡𝑖𝑜𝑛 ∗ ∆𝐶𝑠𝑒𝑐𝑡𝑖𝑜𝑛 =  𝐶𝑖 ∗ ∆𝑉𝑖 − 𝐶𝑒 ∗ ∆𝑉𝑒 

If both sides are divided by ∆𝑡 and ideal mixing is assumed, taking the limit as ∆𝑡 → 0 the following 

differential equation is produced 

𝑉𝑠𝑒𝑐𝑡𝑖𝑜𝑛 ∗ 𝐶̇𝑠𝑒𝑐𝑡𝑖𝑜𝑛 =  −𝑞𝑠𝑒𝑐𝑡𝑖𝑜𝑛 ∗ (𝐶𝑠𝑒𝑐𝑡𝑖𝑜𝑛 − 𝐶𝑖). 

The differential equation is easily solved to be 

𝐶𝑠𝑒𝑐𝑡𝑖𝑜𝑛(𝑡) =  (𝐶𝑠𝑒𝑐𝑡𝑖𝑜𝑛,𝑜 − 𝐶𝑖)𝑒
−

𝑞𝑠𝑒𝑐𝑡𝑖𝑜𝑛
𝑉𝑠𝑒𝑐𝑡𝑖𝑜𝑛

𝑡
+ 𝐶𝑖 , 

where 𝐶𝑠𝑒𝑐𝑡𝑖𝑜𝑛,𝑜 is the initial condition for the concentration of the mixing tank. The response of the section 

concentration to a perturbation in the input concentration is shown in Figure S2 where the settling time is 

dependent on the time constant 

𝜏 =  
𝑉𝑠𝑒𝑐𝑡𝑖𝑜𝑛

𝑞𝑠𝑒𝑐𝑡𝑖𝑜𝑛
, 

where 𝑡 = 3𝜏 results in a concentration within 5% of steady-state. 

 

Figure S2. Concentration profile as a function of time 
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