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Table 1 Chemical compositions of bittern sample and seawater

Chemical Composition (mmol/L)

Na' K" Mg2+ Ca™" Cl SO42'
Bittern 1591 926 5432 1385 16979 N.D.
Seawater 422 10 53 10 522 46

N.D.: Not detected
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Figure 1 Experimental procedure
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Figure 2 XRD patterns of the products synthesized from

bittern in the solution at various pHs

Table 2 Chemical compositions of the products synthesized in the solution at various pHs

pH e Contentc(;nmol/g) — (Mg + Ca)/Fe | Yield (2)
12.5 6.93 1.97 2.47 3.60 37.2
11.5 6.73 1.95 2.57 3.38 37.6
10.5 7.60 0.82 2.87 2.93 34.9
9.5 8.65 0.54 3.10 2.97 32.2
8.5 7.63 0.32 3.12 2.55 30.8
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Figure 3 Concentrations of Mg?, Ca** and Fe*" in the

solution after synthesis
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Figure 4 (a) pH of the solution, (b) NOs™ concentration in the solution, (¢) CI- concentration in the solution, (d) eluted Mg?*,

(e) eluted Ca?" and (f) eluted Fe*", during the reaction after products addition
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Figure 5 NOs; removal of the product synthesized in the

solution at various pHs from saline water
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Figure 6 XRD patterns of the products synthesized from

bittern at various temperatures

Table 3 Chemical compositions of the products synthesized at various temperatures

e Content (mmol/g) .
Temperature (°C) Mg Ca To (Mg+Ca)/Fe | Yield (g)
20 7.89 0.51 3.05 2.75 323
50 8.66 0.54 3.10 2.97 322
80 7.58 1.60 2.59 3.54 36.7
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Figure 7 Concentrations of Mg?*, Ca?* and Fe*" in the

solution after synthesis
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Figure 8 (a) pH of the solution, (b) NOs™ concentration in the solution, (¢) CI- concentration in the solution, (d) eluted Mg?",

(e) eluted Ca?" and (f) eluted Fe*", during the reaction after products addition
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Figure 9 NOs; removal of the product synthesized at

various temperatures from saline water
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Summary

Nitrate contamination of surface and groundwater is one of the main problems associated with agricultural
activities in many part of the world, and there is an urgent need to develop effective materials and process for
efficiently removing excess nitrate from aquatic environment. On the other hands, bittern is one of the resources
from seawater to be desired for a new utilization.

In this study, we attempted to develop a new process for preparation of the adsorbent with high removal
performance for nitrate from bittern with addition of cheap agent, FeCls.

Mg-Ca-Fe-layered double hydroxide (LDH) can be synthesized from bittern with addition of FeCls, and the
products synthesized in the solution at lower pH (8.5-9.5) contains higher Mg in the form of Mg-Fe LDH than
those synthesized in the solution at higher pH (10.5-12.5) in the form of Mg-Ca-Fe LDH. In addition, the product
synthesized at 50°C contains higher Mg than those at 20°C and 80°C. The product has the removal ability for
nitrate ion, and the product including high amount of Mg-Fe LDH indicates effective and selective removal of

nitrate ion.



