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Introduction 

Addressing acid gas emissions is paramount in environmental protection, especially within the Waste-to-Energy 

(WtE) sector, due to stringent European Best Available Technologies (BAT) emission targets[1]. While 

conventional acid gases like HCl, SO2, and HF are well-known, the rise of electronic waste (E-waste) and 

Automotive Shredder Residues (ASRs) processing generates hazardous species emissions. Dioxins, HCl, and 

HBr are indeed produced during thermal recycling, where the primary source of HBr emissions is Brominated 

Flame Retardants (BFRs), essential additives in Printed Circuit Boards (PCBs)[2]. Dry Sorbent Injection (DSI) 

using sodium bicarbonate (NaHCO3) is a cost-effective abatement method[3] widely studied for HCl and SO2 

removal, but its efficacy against HBr remains unexplored. In this regard, this research focuses on characterizing 

the reactivity of NaHCO3 with HBr and investigating for the first time its simultaneous removal alongside HCl. 

Materials and Methods 

Acid gas removal was investigated in a laboratory-scale fixed-bed reactor (FBR) filled with 10 mg of NaHCO3, 

previously mixed with 40 mg of SiO2 acting as an inert material. Real-time gas monitoring was achieved via 

Mass Spectrometry. In single-removal tests, a 1000 ppm stream of either HCl or HBr in N₂ was introduced to the 

system at 6 NL/h. For simultaneous removal tests, each gas was diluted to 500 ppm to maintain a combined final 

concentration of 1000 ppm. All experiments were conducted at a reference temperature of 180 °C. 

Results and discussion 

Breakthrough curves (Fig. 1) show the outlet gas concentration (C) normalized to the initial one (C in). For the 

sake of clarity, HX stands for a general hydrogen halide, where X can represent either Cl or Br. 
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Fig. 1: Breakthrough curves over time. a) HCl and HBr single removal tests (CTOT=1000 ppm); b) Comparison 

of single (CTOT=1000 ppm) and simultaneous removal tests (CTOT=1000 ppm, where each gas has a 

concentration of 500 ppm); c) Interference effects on HBr removal; d) Interference effects on HCl removal. 

In single-gas tests (Fig. 1a), HBr exhibits a delayed breakthrough, indicating a higher sorption capacity of the 

sorbent and a higher reactivity than HCl. Simultaneous removal tests (Fig. 1b) reveal mutual interference, 

reducing removal efficiency. This finding is significant, as the sorbent experiences a constant total gas 

concentration (1000 ppm) regardless of whether a single gas or a mixture is present. To further analyze this 

behavior, the presence of an interfering species was analyzed from the gas perspective. Single-gas tests at a 

halved concentration of 500 ppm of the acid gas were compared with the simultaneous tests in Fig. 1c-d, where 

each gas has a concentration of 500 ppm, despite the other acid gas also having an equal concentration. In this 

way, being the concentration of the single gas equal to 500 ppm in both cases, the interference effect becomes 

more evident. Specifically, HBr significantly hinders HCl removal, likely due to competitive adsorption effects.  

Conclusions 

NaHCO₃ demonstrated high removal efficiency, particularly during the initial reaction stages. A consistent 

observation was the superior reactivity of HBr over HCl. Significantly, the concurrent treatment of both acid 

gases—a configuration that offers novel experimental insights—revealed competitive effects: the presence of 

HBr negatively impacted HCl removal, whereas HBr uptake remained largely unaffected. This suggests a higher 

chemical affinity of NaHCO₃ for HBr and points to distinct reaction pathways or preferential site occupation, 

clarifying the selective gas capture mechanism. 
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