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Abstract

The effect of air bubbling on trace organic (atrazine) removal from water by powdered activated carbon (PAC) adsorption was investigated
by injecting air bubbles at different flow rates into the solution as a mixing method in batch kinetic tests. The factors introduced by the use
of air bubbling, such as pH increase, N, and O, competitive adsorption, mixing efficiency and contaminant release from PV C tubing were
examined to identify their contributions to the change of atrazine adsorption efficiency caused by the air bubbling.

The experiments revealed that the adsorption process could benefit from higher air bubbling rates. However, under some conditions, the
uptake of atrazine was partially reversed after an initial rapid uptake. Several factorsthat could contribute to this undesirable effect have been
examined. The evidence points to the detrimental effect of trace contaminants introduced by the plastic tubing delivering the air. All other
factors examined had small to negligible impact. The leaked contaminants presented increasingly in the solution with operating time and
competed with atrazine solutes for the active sites in the carbon particles and even displaced adsorbed atrazine over the 6-h kinetic test. Asa
result, atrazine adsorption efficiency was reduced. In contrast, when stainless steel tubing was used for air injection, no reversal phenomenon
was observed in the bubbling batch kinetic adsorption tests. These observations may be important for hybrid adsorption-membrane processes
which could use bubbling to provide mixing and fouling control. The common practice of using plastic piping for air delivery may need to be

reconsidered especially for trace pollutants removal.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Activated carbon has been widely used for water purifi-
cation in both industrial and municipal applications due to
its large surface area per unit volume, high degree of sur-
face activity and strong affinity for a wide range of dis-
solved organics. Powdered activated carbon (PAC) hasfurther
advantages of requiring low additional capital expenditureas
well as having the flexibility to be applied when needed [1].
Recently, with the devel opment of membrane technology for
water and wastewater treatment, PAC adsorption can be com-
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bined with membrane units for the removal of some specific
organic compounds from water. In particular microsolutes
(<1000 Da), which cannot beremoved by low pressuremicro-
filtration (MF) or ultrafiltration (UF), can be removed by the
hybrid PAC-membrane process[2].

Inthis hybrid membrane system, PAC adsorption converts
microsolutes or dissolved organic matter to a particulate
phase. Microporous MF/UF membranes can then separate
these fine PAC particles, with adsorbed microsolutes in
the pores, from the treated water. There is a potential cost
saving compared with low cutoff, high-pressure membrane
processes, such as reverse osmosis or nanofiltration. In the
low-pressure hybrid process, the membranes may be located
externally to an adsorption tank or submerged in the tank
directly. In the latter case, air bubbling could be applied
to the tank to provide mixing and introduce shear force
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at the membrane surface in order to enhance separation
efficiency.

Previous studies have confirmed the competency of
PAC-MF/UF hybrid external systems for dissolved organic
compound removal [2-6]. The combination of PAC with
submerged MF membranes was aso reported [7] and was
used as a polishing step following conventional clarification
or asingle step membrane process for natural organic matter
(NOM) and synthetic organic chemicals (SOCs) elimination.
A significant enhancement of NOM and SOCs removal and
an excellent response to variations of the feed water quality
were observed at relatively low flux and transmembrane
pressure (TMP). It has aso been reported that microbes
could be removed more efficiently by adding PAC directly
into an immersed MF reactor [8]. Further, the application
of submerged UF membranes integrated with PAC aone
or together with an enhanced coagulation process was
shown to be a promising approach for organics removal
at the pilot-scale [9]. This system operated well at high
PAC concentrations and led to increased adsorption and
higher efficiency of total organic carbon (TOC) removal.
It was noted that the membrane performance may also be
improved, as the organics are preferentially adsorbed onto
the PAC rather than on the membrane and a dynamic PAC
barrier on the membrane surface was formed that appeared
to prevent the deposition of the organic compounds.

It is evident that the previous studies of PAC-MFUF
hybrid submerged membrane systems have mainly focused
on evaluation of the overall contaminant removal efficiency.
The effects of air bubbling on the PAC adsorption aswell as
on thewhole system performance were rarely reported. Nev-
ertheless, air bubbling has been proved to be effective for
a single membrane filtration process by creating gas-liquid
two-phase flow which increaseslocal mixing and masstrans-
fer and introduces secondary flow at the membrane surface
and thereby improves membranefiltration by controlling con-
centration polarization and membrane fouling [10,11].

The PAC-MF/UF hybrid submerged membrane systemis
different from asinglemembrane process, asthe carbon parti-
clesare suspended in the adsorption/filtration tank by vertical
movement of injected air bubbles. Thus the gas-iquid two-
phaseissuein asingle membrane process has been converted
to a complex gas-iquid-solid three-phase problem in the
hybrid submerged membrane process. How the air bubbles
interact with PAC and affect PAC adsorption, which ulti-
mately associates with the overall removal efficiency, is a
critical concern in order to gain adeep insight on the perfor-
mance of such a system.

Therefore, thisstudy aimsto eval uatetheimpact of air bub-
bling on the adsorption efficiency of trace organic compounds
by powdered activated carbon in water. The adsorption kinet-
ics at different air bubbling rates were compared with each
other along with the results of traditional mechanical stirring
as areference. In particular, factors introduced by air bub-
blingwhicharelikely toinfluencetheadsorption processsuch
as pH, O2/N, competitive adsorptions, contaminant release

from the system aswell asthe mixing mechanismwereinves-
tigated.

2. Experimental
2.1. Materials

Powdered activated carbon (Norit SA-2) with origina
mass median diameter (Dsp) of 20.0 um was kindly pro-
vided by Behn Meyer Chemical(s) Pte. Ltd. The specification
provided by the supplier is presented in Table 1. To aobtain
carbon particlesof smaller sizes, theoriginal PAC was pulver-
ized using amilling machine for different times. The particle
sizes of pulverized powders were measured using a particle
sizeanalyzer (Mavern Mastersizer), which measures particle
sizes based on laser diffraction in the range of 0.05-550 pm.
The particle size distributions of PACs pulverized for differ-
ent timesareshowninFig. 1. Following preliminary teststhe
smallest PAC, with 6.3 wm Dsp, was chosen as a represen-
tative adsorbent in this study. The PACs used in the kinetic
tests were oven dried at 105 °C before weighing.

Atrazine, one of the most widely used herbicides, was
chosen as the target compound to represent trace organics
frequently found in natural waters. The U.S. Environmen-
tal Protection Agency has set an enforceable level called the
maximum contaminant level (MCL) of 3ug/L for atrazine.

Tablel
Norit SA-2 genera characteristics
Property Norit SA-2
Molasses number (EUR) 340
Methylene blue adsorption (g/100g) 15
lodine number 850
Total surface area (BET) (m2/g) 950
Apparent density (tamped) (kg/m?3) 460
Particle size D1g (pm) 3
Particle size Dsp (p.m) 20
Particle size Dgp (m) 140
Ash content (mass%) 9
Moisture (as packed) (mass%o) 2
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Fig. 1. Particle size distribution of PAC pulverized for different times.
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