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PHOTOCATALYTIC OXIDATION OF
ORGANICS USING A POROUS TITANIUM
DIOXIDE MEMBRANE AND AN EFFICIENT
OXIDANT

BACKGROUND OF THE INVENTION

This is a continuation-in-part application of U.S. patent
application Ser. No. 08/791,599, filed Jan. 31, 1997, now
U.S. Pat. No. 5,779,912.

This invention was made with Government support under
contract DAAHO04-95-C-0019 awarded by the Army. The
Government has certain rights in this invention.

FIELD OF THE INVENTION

This invention relates to decontamination of water or air,
more specifically to a photocatalytic reactor and method for
oxidizing organic pollutants in contaminated water or air.

BACKGROUND OF THE RELATED ART

Several technologies have been used in the past to remove
or annihilate organic contaminants found in hazardous
chemical waters, wastewaters, and polluted gases. Some
destructive techniques, e.g., chlorination, use strong oxi-
dants that are themselves hazardous. On the other hand, the
predominant non-destructive technologies currently in use
have serious drawbacks: air stripping converts a liquid
contamination problem into an air pollution problem, and
carbon adsorption produces a hazardous solid which must be
disposed. Thus, conventional methods for organic contami-
nant disposal must be replaced with procedures having
minimal environmental impact.

Advanced oxidation processes (AOPs) are one example of
an environmentally friendly approach for treating organic
contaminants. AOPs usually involve treatment of the con-
taminant with ultraviolet light (UV), chemical oxidation, or
both. AOPs are destructive processes in which the target
organic compounds may be fully oxidized (i.e., mineralized)
to relatively innocuous end products such as carbon dioxide,
water, and inorganic salts. Because AOPs do not leave any
residual contaminants requiring additional treatment, these
processes are well suited for destruction of organic pollut-
ants. Therefore, the development of effective AOPs is impor-
tant.

Typical AOPs rely on the generation of hydroxyl radicals
(OH") to degrade organic contaminants. The rapid, non-
selective reactivity of OH radicals (one of the most reactive
free radicals and strongest oxidants) allows them to act as
initiators of oxidative degradation. Common AOPs such as
H,0,/UV, 04/UV, and H,0,/05/UV involve UV photolysis
of O;, H,0,, or both to generate OH’ radicals. In the
photocatalytic oxidation, TiO,/UYV, a titanium dioxide semi-
conductor absorbs UV light and generates OH™ radicals
mainly from adsorbed water or OH~ ions. The overall
process taking place in the photocatalytic mineralization of
organic pollutants at a semiconductor (sc) surface can be
summarized by the following reaction:

@

ELEENS CO; + HyO + mineral acids

organic pollutant + O v

where hv represents photons with an energy equal to or

higher than the band gap energy of the semiconductor.
Semiconductor photocatalysis has been used to mineral-

ize most types of organic compounds such as alkanes,
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alkenes, haloalkanes, haloalkenes, aromatics, alcohols,
haloaromatics, haloalcohols, acids, polymers, surfactants,
nitroaromatic, dyes, pesticides, and explosives. The suscep-
tibility of such a wide variety of compounds to treatment in
this fashion, makes photocatalytic degradation a particularly
attractive process for air purification and wastewater treat-
ment.

Under illumination, electrons (e”) and holes (h*) are
usually generated in the space charge region of the semi-
conductor as shown in the following equation:

. _
scthv—=h"yg+e g

@

Under proper conditions, the photoexcited electrons (in
the conduction band, CB, of the semiconductor) and pho-
toexcited holes (in the valence band, VB, of the
semiconductor) can be made available for redox reactions.
The photogenerated holes in the VB must be sufficiently
positive to carry out the oxidation of adsorbed OH~ ions or
H,O molecules to produce OH™ radicals (the oxidative
agents in the degradation of organics) according to the
following reactions:

h*yptOH > OH g (©)
Q)

The photogenerated electron usually reacts with oxygen
according to the following reaction:

1 yptH,0 44— Oy +H' g

€ c5+t0,—0, ®)

In most cases, the semiconductor can undergo oxidative
decomposition by the photogenerated holes. It is generally
found that only n-type semiconducting oxides are photo-
stable towards photoanodic corrosion, although such oxides
usually have band gaps which absorb only UV light. Thus,
a desirable semiconductor suitable for reaction 1 will be: (i)
photoactive; (ii) able to use visible and/or near UV; (iii)
biological or chemical inert to agents to be treated; (iv)
photostable; (v) inexpensive; and (vi) able to produce OH"
radicals, for example, as in, Eq. 3 & 4.

TiO, and SrTiO; satisfy the energy demand for reactions
(3) or (4) and (5). Among the different semiconductors
tested, TiO, is the most efficient photocatalyst for reaction
(1). TiO, is effective not only in aqueous solution but also
in non-aqueous solvents and in the gas phase. It is
inexpensive, photostable, insoluble under most conditions,
and non-toxic. Thus, TiO, has proven to be the semicon-
ductor of choice for photomineralization of organic pollut-
ants.

In the photocatalytic oxidation of organics in aqueous
solution, it has been shown that O, reduction at the TiO,
surface is the rate determining step. This limitation can be
overcome by the use of a porous TiO, ceramic membrane,
i.e., a “three phase” boundary system where the reactants are
delivered to the reaction site as disclosed in co-pending U.S.
patent application Ser. No. 08/791,599, filed Jan. 31, 1997,
and incorporated by reference herein. However, enhance-
ment of the photcatalytic reaction by assisting the oxidation/
reduction reactions that take place on the TiO, surface
would be highly desirable.

Another disadvantage of conventional AOPs, such as
05/UV and H,0,/UV, or their combination, is that they
cannot utilize abundant solar light as the source of UV light
because the required UV energy for the photolysis of the
oxidizer is not available in the solar spectrum. Furthermore,
some AOPs are efficient in mineralizing organic pollutants
but exhibit slow kinetics, e.g., TiO,/UV and H,0,/UV, while
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