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Highlights

· Conceptual design of reactive distillation (RD) processes

· Effect of boiling point orders on the applicability of RD 

· Evaluation of the applicability of RD to quaternary systems 

1. Introduction
Reactive distillation (RD) is an attractive process intensification unit as it offers multiple benefits, such as higher conversion, improved selectivity, energy savings and lower costs [1]. However, the number of its commercial applications was limited by the assessment of RD applicability and operation [2, 3]. To deal with this problem, we proposed a mapping method to comprehend and predict the applicability of RD [4]. The present work employs this method to determine the optimal feed locations of RD columns (lower energy usage) in quaternary systems (A + B ⇄ C +D) with different boiling point (Tb) rankings: 1) group Ip (Tb,C < Tb,A < Tb,B < Tb,D), 2) group IIIp (Tb,C < Tb,A < Tb,D < Tb,B), and 3) group IIIr (Tb,A < Tb,C < Tb,B < Tb,D). The group’s naming convention follows the rules as set by Luyben and Yu [5]. Other boiling point rankings are not considered because they are not promising for the application of a single RD column [6]. To the best of our knowledge, this is the first study that provides essential insights into the optimal feed locations of RD considering the effect given by the boiling point rankings.
2. Methods
The main feature of the mapping method is the applicability graphs plotting the reflux ratio (RR) vs number of theoretical stages (NTS). They are produced from generic reactions under assumptions of ideal thermodynamics and constant key parameters, i.e. relative volatilities (α) and chemical equilibrium constant (Keq). The lowest RR possible for each NTS forms a boundary line in each graph that splits applicable and not-applicable areas. To construct an applicability graph, the numbers of rectifying, reactive and stripping stages of any RD configurations are varied, while the feed locations of each reactant are always fixed at both end-sides of reactive zone. Afterwards, a representation of RD with the lowest RR and NTS=2·NTSmin is selected and its feed locations are optimized to further reduce the reflux ratio (lowering energy requirement). All simulations in this work are carried out with Aspen Plus v8.6 software.
3. Results and discussion
Figure 1 depicts reflux ratios based on varied feed stages of both reactants. The optimization of feed locations decreases RRs by 15% in group Ip, 37% in group IIIp and 23% in groups IIIr. In group Ip, positioning both feed inlets close to the centre of the reactive zone is favorable. In group IIIp, lower RRs are achieved by placing the feed inlets at the top of the reactive section. In contrast, for group IIIr, it is more beneficial to set the feed stages at the bottom of the reactive zone. 
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Figure 1.  RD setup with varied feed locations (a). Contour plots of RRs in (b) group Ip, (c) group IIIp and (d) group IIIr with αAB=2, αCD=6 and Keq=1. Cross and square marks indicate the feed locations before and after the optimization [7].
4. Conclusions
The boiling point rankings determine the location of the optimal feed stages of RD columns. The findings in this work suggest that positioning the feed inlets close to each other improves the RD performance (lowering reflux ratios), but placing both reactants at the same stage results in a competition between reaction and separation, which hinders an effective RD process.
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