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Abstract

Performance of an integrated membrane filtration system was investigated for treatment of the effluent from an aerated rotating membrane
bioreactor system (ARMS). The ARMS is developed and operated at the Kennedy Space Center (KSC) as a potential technology for water
recovery and recycling during long space missions. The 3L bioreactor utilizes a rotating membrane module consisting of silastic hollow
fibers for aeration and biofilm growth. Effluent from the ARMS contains high levels of dissolved inorganic solids. A sequential membrane
filtration system consisting of prefiltration and reverse osmosis (RO) membranes was evaluated for treatment of the bioreactor effluent. To
select an appropriate prefiltration membrane, a series of membrane screening experiments were conducted with two UF membranes (MWCO
10,000 and 50,000 Da) and a nanofiltration (NF) membrane using stirred filtration cells. In addition, integrated membrane filtration tests were
conducted with the NF and RO membranes using a cross-flow membrane filtration unit. Effectiveness of the integrated membrane filtration
system was evaluated in terms of flux and total solids rejection of the individual filtration steps as well as the overall system performance.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction municipal wastewater quality in the United Stat&able 2
presents the composition of the simulated space wastewater
Water recovery and recycling is an important consid- based on the anticipated water use during space missions.
eration for reducing payload during long space missions. The development of a closed loop water recovery and recy-
It is estimated that the water needs in space would be cling system would require integration of multiple technolo-
about 11.5 L/day-person as shownTiable 1 Although this gies to bring the wastewater to drinking water quality. One
quantity is less than 4% of the water used in the United of the water recovery and recycling processes currently be-
States per person per day, it would not be possible to trans-ing evaluated for water recovery and recycling during long
port the amount of water needed to space during extendedspace missions incorporates the aerobic rotational membrane
missions. system (ARMS) which is currently tested at the Kennedy
The wastewater generated during space missions is esSpace Center, Florida. The ARMS is a novel compact mem-
timated to be about 13 times more concentrated with rel- brane bioreactor which converts ammonia to nitrates. The
atively low BOD/solids ratio in comparison to the typical rotating hollow fiber membrane module provides mixing to
maintain high mass transfer rates between the bulk liquid and
* Corresponding author. Tel.: +1 305 348 2928; fax: +1 305 348 2802.  the biofilm resulting in high bioconversion rates and reduce
E-mail addresstanselb@fiu.edu (B. Tansel). the volume requiremenig,3]. The reactor effluent contains
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Table 1 2. Suitability of membranes technologies for

Two-person crew water use in spgté bioreactor effluent

Source Quantity

Shower water (L/d) B4 The low-pressure membrane filtration processes such as
Hand wash water (L/d) 86 microfiltration (MF) and ultrafiltration (UF) remove particu-
Urinal flush Wa;ef (Lrd) p 128 lates, colloids, and high-molecular-weight soluble species by
Average urine donation (L/d) : a size exclusion mechanisih3,14] The MF and UF mem-
Humidity condensate (L/d) .84 . . .

Oral hygiene water (L/d) a3 branes generally allow most inorganic species to pass and

retain discrete particulate matter such as particle, bacteria,
and some viruses.

The NF membranes are designed to selectively remove
multivalent ions and large organic contaminants while al-
significant amounts of dissolved inorganic salts as well as lowing other compounds to pass. Therefore, NF units can be
soluble products from the bioreactor which need to be re- operated at lower pressures since the compounds that pass
moved for development of a closed loop water recovery and through the membrane do not add to the osmotic pressure of
recycling system. the systenj15-17] Both the NF and RO can be described as

Membrane processes can be integrated to biological treat-diffusion-controlled processes since diffusion plays a signifi-
ment processes for down stream treatment. However, thecant role in the mass transport. The ability of RO membranes
use of an RO treatment requires pretreatment to improveto reject inorganic species while passing relatively pure wa-
the performance of the RO membrane in terms of flux ter has lead to the widespread use of membrane processes for
as well as solids removd#—7]. Integration of membrane  drinking water applications. The ultra-low-pressure reverse
processes with different separation characteristics can im-osmosis (ULPRO), and nanofiltration (NF) offer significant
prove the final product water quality and allow the sub- operational advantages for water treatment and wastewater
sequent membrane system to operate at lower pressuregeclamation/reuse applications where a high product quality
[8-12]. is desired.

The purpose of this study was to investigate the per-  Processes thatinvolve coupling of membrane technologies
formance of an integrated membrane filtration system for could significantly improve the effluent qualif¥8—20] An
treatment of the ARMS effluent. Experiments were con- integrated membrane system utilizing multiple membranes
ducted to evaluate the overall performance of an inte- with different characteristics can also lower the membrane
grated filtration system incorporating two different mem- fouling rates and results in more stable operaf@h,22]
branes. A series of membrane screening experiments wereThe key operational and design considerations for integra-
conducted with two UF membranes (MWCO 10,000 and tion of the membrane processes include flux, solids rejection,
50,000 Da) and a NF membrane for use as a prefilter for pressure requirements, and long-term performance.
the RO membrane using stirred dead end filtration cells.

The membranes were evaluated in terms of solids removal

and flux characteristics of the individual filtration steps as 3. Experimental

well as the overall system. After selecting a prefilter, an in-

tegrated membrane filtration system consisting of NF and  Experiments were conducted to evaluate the integration
RO membranes was evaluated using a cross-flow filtration of a membrane filtration system for treatment of the effluent
system. from the ARMS bioreactor.

Total (for two) (L/d) 2287

3.1. ARMS bioreactor

Table 2

Composition of synthetic waste formulatigt] The ARMS is developed and evaluated at the Kennedy
Compound Concentration (ng/L)  Space Center (KSC), Florida, as a potential technology for
Urea 1640 wastewater recovery and recycling applications during space
KH2POy 580 missions since biological treatment may be an important
Eascclm ggg component for recycling wastewater into potable water. The
N2H4C| 120 ARMS is a gravity independent attached growth bioreac-
(NH4)2SOs 360 tor. The 3L bioreactor is operated on a continuous mode
CaCh 88 with simulated wastewater representing the output of a 1/2-
MgSOy 71 person crew during space missions. The system is aerated
mggﬁcm ConcNP (surfactant 525058 through the rotating hollow fiber membrane module consist-
STEOL CS-330 (su.rfactant) 854 ing of llS_siIastic hollow fibers Whigh are 35.'_6 cm long, with
Total 6281 0.155cm i.d. and 0.318 cm o &]. Silastic tubing (500-008

Dow, Corning, Midland, Michigan) was used for the mem-
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