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ABSTRACT

Nitrate nitrogen pollution in water environment is widely distributed, which not only
causes river water quality degradation, but also poses a serious threat to human health.
Therefore, it has become the focus of water pollution. Nanofiltration membrane separation
technology has a good application prospect in nitrate treatment due to its convenience in
application and no secondary pollution. However, nanofiltration membrane on the market
currently has a low retention performance for NO3™ monovalent ions. In order to meet the
market demand and industrial development, the development and preparation of high flux
and retention nanofiltration membranes for nitrate treatment is one of the current research
hotspots. In this study, polyether sulfone (PES) ultrafiltration membrane was selected as the
base membrane, with m-phenylenediamine (MPD), tannic acid (TA), 2,4-diaminoben-
zenesulfonic acid (MPDASA), nano-silica particles (SiO2) as the main aqueous monomer
materials, and homophenyl chloride (TMC) and p-phenylxylchloride (TPC) as the organic
monomer materials. The nanofiltration membranes of different polyamides were prepared
by interfacial polymerization to be used in nitrate treatment.

MPD-TMC composite nanofiltration membrane and MPD-TMC/TPC composite
nanofiltration membrane were prepared using MPD as water phase and TMC, TPC as
organic phase. TA/MPD-TMC composite nanofiltration membrane and sulfonated
TA/MPD-TMC composite nanofiltration membrane were prepared by using MPD, TA and
MPDASA as aqueous phase and TMC as organic phase. TA/SiO-TMC composite
membrane and MPD/TA/Si0,-TMC composite membrane were prepared by using nano
silica particles (SiO2), TA and MPD as aqueous phase and TMC as organic phase. By using
ATR-FTIR, SEM, contact angle measuring instrument and solid zeta potentiometer, the
structure of the composite nanofiltration membranes was characterized and compared with
the base membrane, and the relationship between the structure, morphology, chemical
composition and properties of the composite membrane was explored. The parameters of
membrane making and the optimum membrane performance were investigated by the

laboratory cross-flow filtration device. The results are as follows:



(1) MPD-TMC composite membrane has the best performance when MPD
concentration is 1.5wt%, TMC concentration is 0.2wt% and heat treatment time is 10 min.
Under the operating pressure of 0.9 MPa, the membrane flux is 3.43 L-m2-h!, and the
retention rate is 81.26% when treating 1 g-L! NaNOs solution. MPD-TMC/TPC composite
membrane has the best performance when the acyl chloride concentration is 0.2wt% and the
TMC/TPC ratio is 4:1. Under the operating pressure of 0.9 MPa, the retention rate reaches
90.75% when treating 1 g-L"NaNOs solution. Howevere, the membrane flux is relatively
low, which is 2.73 L-m™>-h"'. The molecular weight of MPD-TMC composite membrane is
about 532 Da. The retention rates of different inorganic salts were NaxSOgs
(92.77%) >MgS04 (88.36%) >NaCl (88.34%) >MgCl, (83.02%), the retention rate of BSA
was as high as 100%, and the retention rate of glucose was 94.21%.

(2) TA/MPD-TMC composite membrane has the best performance at TA concentration
of 0.2wt% and MPD concentration of 1.5wt%. Under the operating pressure of 0.9 MPa, 1
g-L"' NaNOj3 solution is treated with membrane flux of 6.23 L-m™-h'and retention rate of
72.48%. The sulfonated TA/MPD-TMC composite membrane has the best performance at
the MPD concentration of 1.5%, TA concentration of 0.2wt% and MPDASA concentration
of 0.1wt%. Under the operating pressure of 0.9 MPa, 1 g-L! NaNOs solution is treated with
the membrane flux of 7.8 L-m™-h"'and the retention rate of 84.22%. The molecular weight
of the sulfonated TA/MPD-TMC composite membrane is about 766 Da. For different
inorganic salts and organic compounds, the retention effect of inorganic salts was Na>SOq4
(91.06%) >MgSO4 (88.29%) >NaCl (86.7%) >MgCl, (86.52%), the retention rate of BSA
was 100%, and the retention rate of glucose was 88.92%.

(3) TA/SiO-TMC composite membrane has the best performance when TA
concentration is 0.2wt% and SiO2 concentration is 0.04wt%. Under the operating pressure
of 0.9 MPa, 1 g-L! NaNOs solution is treated with a membrane flux of 21.1 L-m™-h"! and
the retention rate of 70.54%. MPD/TA/SiO>-TMC composite membrane has the best
performance when MPD concentration is 1.0wt%, TA concentration is 0.2wt% and SiO2
concentration is 0.04wt%. Under the operating pressure of 0.9 MPa, the membrane flux
rreached 7.02 L-m™-h’!, and the retention rate was 90.24% when treating 1 g-L™! NaNOs
solution. The molecular weight of MPD/TA/SiO2-TMC composite film is about 688 Da, and



the retention effect for different inorganic salts is NaxSO4 (93.04%) >MgSOq4
(92.75%) >MgCl> (90.63%) >NaCl (90.59%). The retention rate of BSA was 100%, and the
retention rate of glucose was 90.82%.

The composite nanofiltration membranes prepared in this study has high retention rate
for nitrate and good permeability, and the preparation method is simple and easy to operate,
which can provide ideas for the preparation of nanofiltration membranes for nitrate

treatment.

Key words: Nanofiltration membrane; Nitrate; M-phenylenediamine; Tannic acid; Nano

silica particles
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