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Table 1. Chemical compositions of bittern sample and seawater

Chemical Composition (mmol/L)

Na~ K Mg~ ca” cr S0,
Bittem 1591 926 5432 1385 16979 N.D.
Seawater 422 10 10 522 46
N.D.: Not detected
] [] 4 M NaOH

Rk RE—F5—

pH: 9.5
SHRE:50°C
SR 0-6h

Figure 1. Experimental procedure
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Figure 2. XRD patterns of the products synthesized from

bittern in the solution at various synthesis time

Table 2. Chemical compositions of the products synthesized in the solution at various synthesis time

Symitesis tive (1) |3 Commc(fm”g) —— (Mg=Ca)Fe | Yiekl (2
05 828 | 074 | 3.9 282 309
828 | 064 | 3.10 2.88 309
3 815 | 070 | 302 293 313
6 831 | 057 | 304 293 311
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Figure 3. Concentrations of Mg?', Ca?* and Fe*" in the

solution after synthesis
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Figure 4. NO; removals of the product synthesized from

bittern at various synthesis time
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Figure 5. (a) pH of the solution, (b) NO;™ concentration in the solution, (c) CI" concentration in the solution, (d) eluted Mg?*
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(e) eluted Ca" and (f) eluted Fe*", during the reaction in the solution with various coexisting anions after products addition.

g 2.5 <> <:CaFeLDH ;g;?gj,_.n_::?
ORI Wy WY o il
Z - % O oo
= 2L O +NO- A A s b s it
) 2 | Adsorption in
2~ A.F  @+s0* o L 2 O a0,
8 é 15101 ﬂ. Adsorption in
= > an S L _\:1_\0_‘—_\:!(,0_‘
iE g SN
-] 7 A . RRT——
gyrlﬁ YY XY S [ Ot
£ S22 1 st
-;q - <> <> Adzorption in_\_:l_\_o_‘
S 05 e iopp—
U <><> E;—FeL];H .
[~ orea mlplmn
0 1 1 1 1 1 Im“‘m" I—“‘ - "-""
0 10 20 30 40 50 60 ! !
0 40 50 60

Reaction time (min)

Figure 6. Coexisting anion concentrations in the solution

during the reaction after product addition

20 [CuK (degree)]

El

Figure 7. XRD patterns of the products synthesized from

bittern after nitrate removal test

coexisting anions

in the solution with



11 @ 12 ®

2 (©)
ecoo0o0ee - —
10} ....AAAAA £ ! "”’ =
A A 3
gAA £ sn22¥ .Y 151 o®
) pEgEEEEEggH - 08 !!!!l ...oooé R an 2
% FRPRPS X = l.,..ll
I 38 £ 06 2 11 Te® ®
o [ ] 0 c © 10°C
lofc 8 ® j0°C = . A 390
[ J A 350c c 04 c [} 30°C
T 3 A 3% 8 m o
W 50°c o 5500 g 05
6 O 0.2 o * s50°C
® z * 50°C G
‘ . ‘ . ‘ 0 ‘ : ‘ ‘ '
Reaction time (min) Reaction time (min) Reaction time (min)
S 1 (d) 1 (e) 1 (M
= = d
3 ® 10°C = ® 10°C 3 ® 10°C
Eos. 4 E08. 43w E 08 4%
= B 50°C = B 50°C = W 50°c
'% 06L ¢ 8°C -% 06l ¢ 80°C -% 06L *®80°C
= I RN = =
% 'S * § 4 ‘ : ¢ ] é IR 2 §
S04 efmmi mm g 04r PR g 04}
° oo ©° ¢ gm 3]
> |4 oo ® « . Pel o
° Jebl
20207 Le0® go.z.igl" T o2}
8 L g ° ko)
= [ ] =) =
w L ‘ , . ‘ w o . , s . ‘ w o
10 20 30 40 50 60 10 20 30 40 50 60 FEgERERERENeR

Reaction time (min)

Reaction time (min)

Reaction time (min)

Figure 8. (a) pH of the solution, (b) NOs™ concentration in the solution, (c) Cl- concentration in the solution, (d) eluted Mg?*,

() eluted Ca?" and (f) eluted Fe**, during the reaction at various temperatures after products addition

HOREEA A PREENL, AR OWIMZIZ 2B,
FEOBIRZITHEIM LT, IBEN ER35&, tHfEA4
V2 DD DL T2 o723, Wb Blid b 7pre o7, B
AL 10°C CHEEEA A PR 1X 0.6 - 0.7 mmol/L E Tl
T 55, 30°C, 50°C TILEEEA A EIX 0.8 - 0.9
mmol/L FTOH T, 80°C TIIWIHAIREED 1 mmol/L F
TIR-7z (Figure 8 (b)), Witk F O AF RN,
10 — 50°C {233\ THRALAIIZIZA 1.2 mmol/L DIEALY)A
AU BT 0, REDMMRVIEE R 2 IS,
80°C TIE 10 — 50°C LHATH N ES AL tH &A% 0>
7z (Figure 8 (¢)) , ¥5X H~D Mg, Ca, Fe D& 28I,
Mg 1Z 30 - 80°C TOIREEITIZIF RO EAH [ THY
10 Z3 2 CIRMEL —EIT/2573, 10°C DXL 30 - 80°C |2
PEARTIEHEDK 12 FRE LD 7ot 2 \CVsfR 3 DIE )
NAEBT, Cald 10 - 50°C Tl 0.2 mmol/L DR
DIEE MRV NEETE B MBS BB 528, 80°C T
1310 - 50°C LEEA_TmEWIEHA RS, Fe l3TEAL
Vil s L7227~ 7= (Figure 8 (d), (e), (). 7233, /&
B 6D Mg & Ca DFRIHEAZ IR 5HE, Mg: 2.4 —

80 °C {>:Ca-Fe LDH

Intensity (a.u.)

30 40

50

20
20 [CuK @ (degree)]

60

Figure 9. XRD patterns of the products synthesized from

bittern after nitrate removal test at various temperatures
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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 synthesize the adsorbent with high removal performance for nitrate from bittern
with addition of cheap agent, FeCls, and its nitrate removal performance was examined.

The product including Mg-Fe-layered double hydroxide (LDH) with nitrate removal can be synthesized from
bittern with addition of FeCl; (Mg?" + Ca?")/Fe*" = 3) within 30 min at 50 °C with keeping pH 9.5. The product
has higher selective removal ability for nitrate in monovalent anion solution than in divalent anion solution. With

decreasing the temperature of nitrate solution, nitrate removal performance of the product is higher and slower.



