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ABSTRACT

The present work is primarily related to the photo-degradation of a model dye (methylene blue)
in a foam-bed reactor in the presence of TiO2 nanoparticles serving as a semiconductor
photocatalyst. Foam-bed reactor, which offers high gas-liquid interfacial areas, permits large
contact times between the gas and liquid with moderate pressure drops is used for the first time
for the purpose of practically executing a photochemical gas-liquid reaction.

It was observed that when the cationic dye (methylene blue) was mixed with an anionic
surfactant (sodium lauryl sulfate) partitioning of the dye occurred between the foam and storage
sections of the photo-reactor. Even in the absence of irradiation, depletion of the dye in the
storage section, with an accompanying build-up of concentration of methylene blue in the foam
section, was observed. Also, the TiO2 nanoparticles moved out of the storage section to
accumulate in the foam section which not only solved the problem of post-treatment separation
of photocatalyst particles from the treated water, but also brought the dye and photocatalyst
nanoparticles in close proximity to each other in the region of high irradiation intensity leading
to a rapid dye degradation. Similar phenomena of simultaneous partitioning and photo-
degradation of dyes were realized for other types of dyes, and their mixtures in given ratios,
through the choice of an appropriate surfactant. Further experiments on the photocatalytic
degradation of methylene blue were performed in a bubble-column reactor and, in a
photochemical foam-bed reactor. These experiments showed a dye degradation efficiency of
33.2% in 90 minutes with a 15 W UV irradiation source in a bubble-column reactor whereas, the
combined phenomena of partitioning and photo-degradation of the dye in a photochemical foam-
bed reactor, showed a dye degradation efficiency of 96.2% in 90 minutes. Other dyes’

degradation profiles in a photochemical foam-bed reactor were also compared with those in a



bubble column. For anionic dyes, such as orange g and congo red a suitable surfactant is cationic
(like CTAB). Mixtures of two oppositely charged dyes methylene blue (cationic) and congo red
(anionic) taken in equal proportion got partitioned into foam section when mixed with a
zwitterionic surfactant (like CHAPS), and thus could also be effectively, degraded photo-
catalytically. Effects of variation in catalyst loading, initial dye concentration, light intensity, air
flow rate and foam height ranging from 0.1-1 kg/m3, 0.16-0.94 moles/m?®, 10.4-48.4 pW/cm?,
(0.835-2.1) x 10* m%¥/sec, 0.55-0.8 m respectively on the performance of photochemical foam-

bed reactor was studied.

Finally, a kinetic invariance approach, based on the uniqueness of dimensionless representation
of the conversions in terms of non-dimensionalized dye concentration (Cp/Cp) and non
dimensionalized time ( t/ty.q9), Used for the representation and prediction of experimental data

in bubble-column as well as in photochemical foam-bed reactor.
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