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Abstract : Adsorption tower systems based on activated carbon adsorption towers have mainly been employed to reduce the
emission of volatile organic compounds (VOCs), a major cause of air pollution. However, the activated carbon currently used in
these systems has a short lifespan and thus requires frequent replacement. An approach to overcome this shortcoming could be to
develop metal oxide photocatalysis-activated carbon composites capable of degrading VOCs by simultaneously utilizing
photocatalytic activation and powerful adsorption by activated carbon. TiO, has primarily been used as a metal oxide
photocatalyst, but it has low economic efficiency due to its high cost. In this study, ZnO particles were synthesized as a
photocatalyst due to their relatively low cost. Silver nanoparticles (Ag NPs) were deposited on the ZnO surface to compensate for
the photocatalytic deactivation that arises from the wide band gap of ZnO. A microfluidic process was used to synthesize ZnO
particles and Ag NPs in separate reactors and the solutions were continuously supplied with a pack bed reactor loaded with
activated carbon powder. This microfluidic-assisted pack bed reactor efficiently prepared a Ag-ZnO-activated carbon composite
for VOC removal. Analysis confirmed that Ag-ZnO photocatalytic particles were successfully deposited on the surface of the
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activated carbon. Conducting a toluene gasbag test and adsorption breakpoint test demonstrated that the composite had a more
efficient removal performance than pure activated carbon. The process proposed in this study efficiently produces

photocatalysis-activated carbon composites and may offer the potential for scalable production of VOC removal composites.
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Figure 1. Flow diagram of the process for coating Ag-ZnO nanocomposite on activated carbon.
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Table 1. Condition of adsorbent breakpoint test system.
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Figure 4. SEM image of the pure activated carbon (a), top products for 10 min reaction time (b), middle products for 10 min reaction time (c)
and bottom products for 10 min reaction time.
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Figure 5. EDS mapping and atomic percentage of the Ag-ZnO composite coated on activated carbon for (a, ¢, d, €) 10 min and (b) 30 min.
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Figure 2. Scheme of adsorbent breaking point test system (BFM: ball flow meter, MFC: mass flow controller).
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Figure 3. SEM images of (a) Ag-ZnO particles coated on activated carbon for 10 min in PBR (inset: Ag-ZnO Flower-like structure), EDS
mapping image of (b) Zn and (c) Ag atom, and (d) EDS spectrum of Ag-ZnO particles with atomic ratios, and (e) XRD pattern of

Ag-7ZnO coated on activated carbon.
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Figure 6. The results of BET surface area measurement of (a) pure activated carbon (b) and Ag-ZnO coated on activated carbon for 10 min

in PBR.

Table 2. Deodorization results in toluene gas bag test

Sample Time 0 min 30 min 60 min 90 min Removal efficiency (%)
Pure Activated Carbon 300 ppm 100 ppm 80 ppm 80 ppm 73.30
Ag-ZnO-AC Composites 300 ppm 50 ppm 35 ppm 25 ppm 91.70
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Figure 7. The results of toluene adsorption durability tested by ABT system.
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