Applications of API Process Simulation, Example 3

Feed profiles for solvent switching
Objective

The objective of this example is to compare different feed profiles for switching solvents in a batch vessel. The first method involves a feeding new solvent continuously into the vessel, while the second method involves a “put and take” strategy in which the new solvent is fed as a series of shots. A simulation model will be used to compare the amount of solvent and processing time that is required by the two approaches. 
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Process Description
Objectives: (i) Determine time required to achieve the desired concentration (99%) of new solvent. (ii) Determine the amount of replacement solvent that must be supplied from the feed tank.
Manipulated Variable: Feed rate of replacement solvent. Two different feed strategies will be compared in this example: (i) fed batch; (ii) “put and take”. These are described in greater detail in the next section.
Variables and parameters: 
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, transfer rate of solvent; 
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, partition coefficient;  
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Balance and Property Equations:
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Solvent Feed Profiles
The batch vessel is equipped with a controller which can implement two different methods for maintaining the volume of solvent within a specified range.

Fed-batch. The controller attempts to maintain the volume of liquid in the batch vessel at the mid-point between the specified minimum and maximum levels. In the initial stages the volume of material is above the mid-point value. The feed is switched on after sufficient amounts of the initial solvent have evaporated so that the volume falls just below the mid-point. At this point the controller opens the flow valve and adjusts the flow-rate continuously to maintain the volume at the mid-point.
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Figure 1. Level profile for “fed-batch” control scheme
Put and take. The flow controller will attempt to maintain the volume of liquid in the batch vessel in the range between the specified minimum and maximum levels. When the level reaches the minimum value, the flow valve is opened to its maximum value to allow for rapid filling of the new solvent until the level reaches the maximum value. 
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Figure 2. Level profile for “put and take” control scheme.
Process Parameters

The process parameters, operating bounds and initial conditions for the solvent switching operation are given in the table below. The batch vessel contains the initial solvent at 30 ºC prior to the solvent switch step The new solvent is fed from the header tank into the vessel while the bulk liquid is being heated through a jacket. For the solvent switching step the pressure of the vessel is maintained at 200 millibars so that the vaporization of the solvent mixture can take place at temperatures of around 45 ºC.
	Parameter
	Fed-batch
	Put and take
	Units
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 (pressure)
	200
	200
	mbar
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  (initial bulk temperature)
	30
	30
	C
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 (header temperature)
	40
	40
	C
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p

c

,

(heat capacity of old_solvent)
	2.02
	2.02
	kJ/kg K
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r

 (density of old_solvent)
	846
	846
	kg/m3
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p
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,

(heat capacity of new_solvent)
	2.87
	2.87
	kJ/kg K
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 (density of new_solvent)
	763
	763
	kg/m3
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Q

(maximum feed rate)
	4
	4
	L/min
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   (minimum volume)
	30
	30
	L
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   (maximum volume)
	40
	120
	L
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C

   (final conc of new_solvent)
	99
	99
	Wt %

	Mass of old_solvent in vessel
	90
	90
	kg

	Mass of new_solvent in feed tank
	250
	250
	kg

	Jacket DT (temperature difference)
	5
	5
	K

	Jacket UA per unit volume
	3
	3
	W/L K

	Jacket flow
	1
	1
	kg/s


Model Summary
This process can be simulated with a DynoChem template for distillation vessel assessment. This group of templates in the model library includes a template for solvent switching. The template for this example is provided in the file TemplateSolventSwitch.xls.

Components. The component definitions for the new_solvent and old_solvent include specifications for the UNIFAC groups. These are used for calculating the activity coefficients. 

Process Definition. The process statements define the phases for the bulk liquid, vapor, header tank, heat transfer through the jacket, and transfer of feed material from the header tank into the bulk liquid. The mass transfer statement defines the Antoine constants required for the calculation of the mass transfer rate between the bulk liquid and vapor. The quantity of new_solvent in the off gas is determined by an integrate statement. The algorithm for controlling the feed rate for different feed strategies is defined in a calculate statement. The end time of the simulation is also defined in the calculate statement.

Scenarios (Initial Values and Parameters). The table above contains the process parameters and initial values for process variables.  Note that the variable OnOff must be set to zero for fed-batch operation with smooth feeding. The value should be set to one for “put and take” feeding. 
Determination of Solvent Amount and End Times
Simulation can be used to compare the fed batch and put and take feed strategies. The simulation results below show the new_solvent amount in feed tank, bulk liquid volume and new_solvent concentration as a function of time. The put and take approach reduces the time required to switch solvents. However, this feed strategy requires greater amounts of the new solvent since the new solvent is lost in the off-gas or retained in the vessel as excess solvent beyond the minimum requirement.
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