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Highlights
· Efficiency of the overall process was evaluated in terms of H2 purity and recovery.
· Operation conditions can be optimized towards H2 purity or H2 recovery.
· Maximum H2 purity of 95% could be achieved at feed gas pressure of 12 bar.
· Maximum recovery of 83% could be achieved at feed gas pressure of 12 bar.
1. Introduction
[bookmark: _GoBack]Given the current global context of progressive depletion of fossil fuels and increasing environmental concerns for global warming, research efforts towards shifting from a linear production model to a circular economy model are a priority. In this sense, industrial processes must look for a better efficiency of resource use and waste management, not only to minimize their environmental impact, but also to increase the competitiveness of the productive process. In particular, this study is focused on the valorization of the flue gas generated in carbon black manufacturing. Considerable amounts of hydrogen (up to 20% vol on dry basis) can be found in this type of gaseous stream [1], thus its recovery could provide a competitive advantage towards a more sustainable production. In this sense, membrane technology offers a cost-effective alternative over other separation technologies such as cryogenic distillation and pressure swing adsorption. There is extensive knowledge in the use of H2 selective materials for hydrogen recovery from ammonia purge gas, syngas ratio adjustment or H2 recovery in the steam methane reforming process. Nevertheless, available data for the material valorization of tail gas from the carbon black manufacturing process is scarce. Therefore, the novelty of this work focuses its attention on the simulation of a two-stage membrane process with recirculation (Figure 1) to improve both material and energy management of the carbon black manufacturing process. The effect of critical variables such as feed pressure, permeation area and type of polymeric material on the effectiveness of the overall process, evaluated in terms of H2 purity in the permeate stream and H2 recovery, is assessed.
2. Methods
The tail gas data composition considered in this work corresponds to reference values included in the Best Available Techniques for the manufacture of carbon black [1]: water vapor (30–50%), N2 (30–50%), H2 (7–14%), CO (6–12%), CO2 (1–5%) and CH4 (0.1-1 %), as well as traces of sulphur and nitrogen compounds. Membrane modules of polyphenylene oxide (PPO) and polyimide (PI) in hollow fiber configuration were considered [2]. Permeability values for N2, H2, CO, CO2 and CH4 gas were obtained from literature [3,4]. A mathematical model describing gas permeation through the hollow fiber membrane module has been implemented in Aspen Custom Modeler. Permeation of gases though the polymeric material are described by the solution-diffusion model [5]. This model was then exported to Aspen Plus to simulate the gas separation processes with a two stage membrane system. 
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Figure 1. Configuration of the two-stage membrane process.
3. Results and discussion 
According to the simulated results, 95% H2 purity can be obtained in the product stream at a reachable feed pressure up to 12 bar using a 2-stages system consisting of two polyimide hollow fiber membrane modules. The highest hydrogen recovery (80%) was obtained when the PPO polymer was used as material for the first membranes module. 
4. Conclusions
This work provides valuable data of the extent of the potential application of membrane technology for the recovery of hydrogen from a tail gas stream. Despite the limitations to deal with the trade-off between H2 purity and recovery, the results show that polymer membrane technology can be successful for obtaining H2 enriched streams with sufficient quality to be used in applications that do not require ultra-high purity H2 as feedstock, such as hydrodesulphurization or hydrocracking.
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