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Fig. 1 Schematic diagram of the surface modification

process for the aeration membrane: original membrane (a) ;
striped membrane after surface patterning (b);
final modified membrane after weaving a layer of
mesh yarn on the surface of the striped membrane (c¢)
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Fig. 2 Comparison of biofilm formation on membrane fibers before and after surface modification, and the modified aeration

membrane module; [ (a),(b)] and [ (¢),(d) ] show the morphological comparison of unmodified and modified membrane

fibers before and after biofilm attachment, respectively; (e) shows the modified aeration membrane module
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Fig. 3 Schematic diagram of the MABR membrane

module experimental device
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Fig. 4 Oxygen transfer performance of the modified membrane module in clean water; variation of dissolved

oxygen concentration in the membrane tank with time (a) ; relationship between OTR and dissolved

oxygen concentration under different pressures (b)
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Fig. 7 NH/ -N removal on the modified membrane module under different acration rates (a) and membrane pressures (b)
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Fig. 9 Microbial community distribution of biofilm at different sampling locations (a) and inoculated sludge in the reactor

at phylum (b) and genus (c) levels for the modified membrane module (U, M, and D represent biofilm sampling points

at the upper, middle, and lower parts of the membrane module, respectively; W represents the reactor inoculum sludge)
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Study on the nitrification performance of a membrane aerated biofilm reactor
based on a surface-modified aeration membrane
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Abstract; This study developed a Membrane Aerated Biofilm Reactor (MABR) system utilizing a surface-

physically modified aeration membrane to investigate the effects of key operational parameters on
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oxygenation performance relies heavily on the comprehensive properties of the membrane materials. Here,
the performance (such as thermal stability, surface wettability, mechanical strength, blood compatibility
and gas permeability) of various commercial gas separation membrane materials was evaluated, including
polyacrylonitrile (PAN), polyetherimide (PED) , polysulfone (PSU), poly-4-methyl-1-pentene (PMP) and
fluororubber (T8). Results indicated that all five commercial membrane materials exhibited good blood
compatibility, but their gas permeability varied significantly. The poor gas permeability of PAN, PEI, and
PSU membranes precluded their direct use as asymmetric membranes in ECMO oxygenators, but they
could serve as suitable support layers in composite membranes to provide stable mechanical strength. T8
membrane demonstrated outstanding performance compared to commercial PMP membrane: O, and CO,
permeability reached 1 029 and 2 464 Barrer, respectively, with excellent hydrophobicity, moisture
resistance and thermal stability. And T8 was coated onto PAN support substrate to fabricate composite
membranes. Characterization via SEM, AFM, contact angle measurements, and gas permeability tests
revealed that favorable surface morphology, outstanding hydrophobicity, and high gas permeance for the
T8/PAN composite membranes, Their O, and CO, permeance reached 1 770 and 3 122 GPU, respectively.
This study demonstrated that fluororubber holds significant application potential as an ideal candidate for
next-generation ECMO membrane oxygenators.

Key words: ECMO; membrane oxygenator; gas separation membrane; fluororubber membrane; blood
compatibility
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nitrification performance. Surface modifications, including patterned striping and mesh wrapping,
significantly enhanced the biofilm attachment capacity and stability in the MABR. Experimental results
demonstrated a rapid biofilm start-up period of only 12 days. Upon achieving stable operation, the system
exhibited a stable nitrification efficiency and load adaptability. With the influent ammonia nitrogen
concentration ranging of 21~107 mg/L., the ammonia removal load showed a positive correlation with the
influent concentration. At an aeration rate of 5 L./(m® * h), the system achieved an ammonia removal load
of 2 g/(m* + d), and further increasing the aeration rate did not significantly enhance the removal
efficiency. In the low transmembrane pressure range (0~12 kPa), appropriately increasing the pressure
led to a 19% improvement in ammonia removal load. However, when the pressure was elevated to a
medium level (24 kPa), the removal performance stabilized. The corresponding minimum theoretical
oxygen transfer rate under these conditions reached 11. 43 g O,/(m* * d), which was significantly higher
than the rate of 4. 05 g O,/(m® « d) measured in clean water. During extended stable operation, the
system maintained a consistent ammonia removal load of 2 g/(m” + d). High-throughput sequencing
revealed that the average relative abundances of the nitrifying bacterial genera Nitrosomonas and Nitrospira
in the MABR biofilm increased by approximately 6. 1 and 5. 3 percent points, respectively, compared to the
inoculated sludge. These findings indicate that the surface-physically modified aeration membrane
facilitates stable biofilm formation, thereby enhancing the nitrification performance and operational
stability of the MABR system.

Key words: membrane aerated biofilm reactor (MABR) ; aeration membrane; surface modification; nitrifi-

cation performance; microbial community



