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Bipolar membrane/hydrophobic gas permeable membrane electrochemical
systems for highly efficient removal of ammonium nitrogen in wastewater
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Abstract; Ammonia nitrogen is one of the primary pollutants found in both surface water and groundw-
ater, and its predominant form is heavily influenced by the pH of the aquatic environment. To address
the pH dependency in the electrochemical oxidation and separation of ammonia nitrogen, we leveraged
the advantages of a bipolar membrane ( BPM) that stably generates H'/OH ™ in the electrolytic cell.
Consequently, we proposed a bipolar membrane/hydrophobic gas permeable membrane—electrochemic-
al system ( BPM/GPM-EC) that demonstrated remarkable performance in removing ammonia nitrogen
from wastewater. In a scenario where the initial ammonia nitrogen concentration was 4 000 mg - L™" and
the current density was 10 mA - em™, operating the BPM/GPM-EC system intermittently ( with a
focus on ammonia recovery) for 5 hours achieved an impressive 99.3% removal of ammonia nitrogen

from the wastewater. Simultaneously, 92.3% of the ammonia nitrogen was successfully recovered, with
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a specific energy consumption of 18.2 kW « h + kg™' N. In continuous—flow mode, the BPM/GPM-EC

system achieved a remarkable ammonia recovery rate of 76.2% and completely removed ammonia nitro-

gen from the wastewater at a flow rate of 0.28 mL + min~'. Notably, the specific energy consumption for

ammonia nitrogen removal was only 14.9 kW + h - kg™ N. These findings underscore the ability of

BPM/GPM-EC system to integrate low energy consumption and high efficiency in treating ammonia ni-

trogen in wastewater. The combination of recovery and removal presents a novel approach to address

challenges associated with ammonia—containing wastewater treatment.

Keywords: Ammonia nitrogen; Bipolar membrane; Electrochemical separation; Electrochemical oxi-

dation
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in continuous—flow mode
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Table 1 Comparison of BPM/GPM-EC performance at different initial ammonia nitrogen concentrations and

different flow rates under continuous—flow conditions

N ) AR 2 K e/ FHAR 2 K e B/ LBRR/ iR/
AL/ (mg - L) Hid/(mL - min™")
(mg -+ L") (mg -+ L") % %
0.55 814.6+£7.3 197.1+£4.5 90.1 56.7
2 000 0.50 690.2+6.5 14.3+1.9 99.3 62.5
0.42 385.7+5.2 0 100.0 77.3
0.42 1132.9+£12.5 315.6+6.1 89.5 58.4
3 000 0.38 924.1+£9.6 18.2+2.2 99.4 64.9
0.33 636.3+6.8 0 100.0 74.1
0.33 1 402.8+15.7 388.4+5.7 90.3 61.8
4 000 0.30 1139.5£11.8 28.7+£3.3 99.3 68.6
0.28 794.2+7.1 0 100.0 76.2
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Fig. 6 Effects of operating conditions and initial
ammonia nitrogen concentration on specific energy
consumption in the BPM/GPM-EC system
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