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Abstract: The effects of the treatment of an acidic solution at pH 2 on polyacrylonitrile ultrafiltration (UF) membranes
were investigated using a circular cross-flow filtration bench with a membrane module. A substantial reduction in the mem-
brane permeability was observed after 80 hours' treatment of the acidic solution. In addition, the analysesof the sample sol-
utions by ultraviolet/visible absorption spectroscopy and gas chromatography/mass spectrometry (GC/MS), which were taken
from the feed tank as a function of the treatment time, showed that a new organic compound was produced in the course
of the treatment. From a thorough search of the mass spectral library we presumed the new compound to be 1,6-dioxacyclo-
dodecane-7,12-dione (DCD), one of the well-known additives for polyurethane. Based on further experimental results, in-
cluding the scanning electron microscope (SEM) images and the solid-state NMR spectra of the membranes used for the
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treatment of the acidic solution, we suggested that the decrease of the permeate flux resulted not from the deformation of
the membranes, but from the fouling by DCD eluted from the polyurethane tubes in the filtration bench during the
treatment. Those results imply that the reactivity to an acidic solution of the parts comprising the filtration bench is as im-
portant as that of the membranes themselves for effective treatments of acidic solutions, for efficient chemical cleaning by
strong acids, and also in determining the pH limit of the solutions that can be treated by the membranes.

Keywords: ultrafiltration, polyacrylonitrile, water treatment, pH, fouling
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Table 1. Specifications of the UF Membranes Used in This Study

a . . Membrane Module Operating Membrane
M .D. D. :
weo Fiber LD Fiber 0.D area length pH range temperature constituent
30,000 Da 0.8 mm 1.4 mm 0.07 m’ 300 mm 3~12 10~35°C Polyacrylonitrile

*Molecular weight cut-off.
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Fig. 1. Schematic diagram of the circular cross-flow filtra-
tion bench. FI: flow-rate indicator, PL: pressure indicator.
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Fig. 2. Plot of the permeate flux of the UF membrane mod-
ule as a function of the treatment time of an acidic solution
at pH 2.
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Fig. 3. UV absorption spectra of the sample solutions taken
from the feed tank as a function of the treatment time.
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Fig. 4. Gas chromatograms of the organic compounds ex-
tracted from the sample solutions taken from the feed tank
at the treatment times (a) 0, (b) 88, and (c) 168 hour.
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4) as a function of the treatment time.
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Fig. 8. C Solid-state NMR spectra of UF membranes (a)
before and (b) after the treatment of the acidicsolution. The
peak with an asterisk is a spinning sideband of the peak at
121.2 ppm (i.e. from the same carbon as those for the
121.2 ppm). All spectra were acquired on 400 MHz Bruker
Avance II spectrometer equipped with a 4 mm rotor for
magic angle spinning (MAS) NMR at a sample spinning
frequency of 12 kHz. Cross polarization (CP) was used to
enhance the °C signal and the CP time was 2 msec. About
50 mg of each sample was examined.
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