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R DRI WDIZBO RO 2 fliDkGA A Th b,
Mg?": 5432 mmol/L, Ca>": 1385 mmol/L I, ¥/KD#) 100
BEDOEEE L TVD, IV ORY 3.6 mmol/L &5
FNTWBEII D7D o7z, 7035, pH IV 5.4 Tl
KiZ 7.8 TOTNBHPETHST,

JEIRBEKEBL DG BIZEL F O X522 FIECTITo7
(Figure 1), 78887k T 12 IZARLIZIZH (100 mL) |12
AlICl3-6H,0 FE7213 FeCly-6H,0 Z 30 H D 2 fli D B5A A
> (Mg + Ca?) Ik T (Mg> + Ca*)/ (A, Fe*) DE
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EVERL LT, 2D, 40°C [T EL TRy hAY —F—T
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NaOH &% % -V CRY D pH % 6.5 - 12.5 D—1E
PR D 1 BERIRIRL-, 7ed, TP IE R o — gt
R EDIREAEINRI 5720, R A A% NaCl BRI
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BERMETHELNI AR T D Mg, Ca, Al, Fe, Cl, B
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R BRI LT, BRI IER L, R D Mg, Ca, Al,
Fe JREZFTWOEYCER T, Cl IREZIELAA R
FEEH(CL-10Z, KRK) T, B JREZZ/VIIETHIEL,
RO ER REFR LI,

Table 1 Chemical compositions and pHs of bittern sample and seawater.

Concentration (mmol/L)

T n > T - 3 pH

Na Mg Ca" Cl SO,~ B
Bittern 1591 926 5432 1385 16979 N.D. 3.6 5.63
Seawater 422 10 53 10 522 46 04 7.59

N.D.: Not Detected
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Figure 1 Experimental procedure
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Figure 2 Concentrations of Mg, Ca, Al and B in the solution after synthesis at (a) pH 12.5 and (b) pH 9.5.
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Figure 3 XRD patterns of the products synthesized from bittern in the solution with M**/M?>" at (a) pH 12.5 and (b) pH 9.5.

% pH TR E BRI DA IR Ot R IR ES
Figure 4 |23, Fe [ZBW\ T, MPY/M* D LS pH (2B
DHT Mg & ANTRIR I ZEA LS T AR/
LHEEZBND, Cald pH 12.5 D775 pH 9.5 LDH KL
ETHY, pH 9.5 TIXIZAVHF D Ca AMFEAE ET
IR IR D EE 2 DIND, RYFRREL, pH AT
FRA LT,

% pH TELNAERBOKAR X #Elr F—%
Figure 527”7, Al L[RERIZT N TOAERMICIBNT,
JE A K b (LDH) DY — 2 M3 fegdE i, pH 12.5 T
L Mg REIREKER (L) T DAL L AR, Ca %
EIRE KB THD ARV~ AR, RiiEL T
HIAAAROE — I RS NI, — 7, pH 9.5 TiE Mg
RIEREKBA) T NARZ VYA NOE —T D T
PHERINT, o, MP/M*BHEEINT 512254 C LDH

8000

1500
= S
sh Mg @ Ca ¥ Fe S0
= 6000 | ® B g
2 10002
5 3
= &
£ 4000 |9 - =
= <
g ® . g
= =500 2
= 2000} =
g g
of 7
= 0 . h :_ 0 8

ol R S Y S
LY Y o

DY —7 BEMEM D b7z, pH ORIy
7 BRI 2 FE > TRY, Fe lZi\W\W T pH O
IZ&o T Ca? ITEIRBUKBR L DREEICIRIAENTIT
WD EE 2 BD,

BRI LD NN DAY F R34 Figure 6 [
7, Al, Fe &% pH 9.5 D573 pH 12.5 K0 i< M2/M =
1 — 4 TIIKI 80% DR EFREZ R LI, M¥* /M3 DHEINT %
LR TR ERITR T Dm0 R o7,

% pH TR Db FHA R & A B % Table 2
\ R T, Al, Fe OFRIESC pH (253 M2/M A3
T DO TAER BT Uiz, MM OB, 123
DO—ED MPIZXLT MY ORMEZES T2/
728, FFONDEMR BT THLEEZOND, B BHE
I MP/MHIZBEIDLTIREREETHY, Al TOERYN
Fe TOAERMIVEWERREEZRLIZ,

8000 ®) 1500
5 ~
o W Mg 4 Ca ¥ Fe f»,,
= 6000 - ®B g
= 110008
s 3
= z
g 4000 - g
s & g
- . * Is00 S
- 200- * =
~ * ° Py ® E
o0 * 9 | sl
~
0 L L +— 0
P73
M MY

Figure 4 Concentrations of Mg, Ca, Fe and B in the solution after synthesis at (a) pH 12.5 and (b) pH 9.5.
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Figure 5 XRD patterns of the products synthesized from bittern in the solution with M?"/M>* at (a) pH 12.5 and (b) pH 9.5.

Table 2 Chemical compositions and yields of the products synthesized in the solution with various M?/M>* at pH 12.5 and 9.5.

Contents (mmol/g) S .
pH 12.5 M /M Yield (g)
Mg Ca Al Fe Cl B
Al1 4.48 0.28 4.14 0.53 1.23 1.15 21.7
Al2 6.07 0.53 3.55 0.81 1.68 1.86 18.1
Al3 8.14 0.83 2.71 0.70 1.44 3.31 16.5
Al-4 9.58 048 2.33 0.55 1.54 4.32 13.0
Fe-1 5.97 148 3.99 0.45 0.33 1.87 27.9
Fe-2 6.75 1.58 3.20 0.66 0.33 2.60 18.8
Fe-3 7.37 1.98 1.59 0.68 0.68 5.88 16.9
Fe-4 7.82 1.94 1.73 0.59 0.68 5.64 15.5

Contents (mmol/g)

pH 9.5 MM | Yield ()
Mg Ca Al Fe Cl B
ALl 5.89 0.08 4.98 1.30 2.02 1.20 24.9
Al2 7.26 0.06 3.71 1.82 1.79 1.97 16.9
AL3 7.42 0.08 2.03 2.09 1.70 3.69 21.0
Al4 9.89 0.04 2.24 2.18 1.96 4.43 13.0
ALS 10.84 0.02 2.03 1.73 1.75 5.36 11.1
Fe-1 5.23 0.89 420 1.36 0.43 1.46 27.2
Fe-2 7.01 0.78 3.47 1.72 047 2.24 18.3
Fe-3 8.42 0.56 2.76 1.57 0.63 3.25 15.2
Fe-4 9.10 035 2.26 1.86 0.63 4.18 13.3
Fe-5 9.51 022 1.94 2.20 037 5.02 11.6
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Figure 6 B removal by the synthesis of the products from
bittern in the solution with M?*/M3" at pH 12.5 and pH 9.5.
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Figure 7 (a) TG and (b) DTA for PVA and PVA with hydrotalcite (HT), Mg(OH),, Zn(BO3), and Al(OH);.
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Figure 8 (a) TG and (b) DTA for PVA and PVA with the products synthesized at pH 12.5.
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Figure 9 (a) TG and (b) DTA for PVA and PVA with the products synthesized at pH 9.5.
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Figure 11 (a) TG and (b) DTA for PVA and PVA with the products synthesized at pH 9.5.
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Figure 12 Concentrations of Mg, Ca, Al and B in the
solution after synthesis at various pHs.
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Figure 13 XRD patterns of the products synthesized
from bittern in the solution at various pHs.
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Table 3 Chemical compositions of the products synthesized in the solution at various pHs.

Contents (mmol/g) e AL
M~ /M’
Mg Ca Al Cl B
pPH 6.5 1.79 0.16 7.29 1.61 0.20 0.27
pH 7.5 4.59 0.55 3.92 0.80 2.34 1.31
pH 8.5 8.19 0.30 3.42 2.35 2.65 2.49
pH 9.5 8.56 0.28 3.47 2.04 2.76 2.55
pH 10.5 8.97 0.13 3.66 1.90 2.12 2.49
pH 11.5 8.90 0.25 3.70 1.34 2.23 2.47
pH 12.5 8.11 1.33 3.35 0.76 2.94 2.82
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Figure 15 (a) TG and (b) DTA for PVA and PVA with the products synthesized at various pHs.
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Summary

Halogen-free flame retardants have been widely used in the frame retardation of polymers, and
borate-intercalated layered double hydroxide (LDH) are paid attention. 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 a new boron type frame retardant powder including
borate-intercalated LDH from bittern with addition of cheap agent, AICl; or FeCls.

Boron-type LDH can be synthesized from bittern with addition of AICIl; and FeCls;, and the products
synthesized with AICl; addition in the solution at pH 9.5 indicate high uptake of boron from the synthesis solution
and high frame retardant ability in polyvinyl alcohol (PVA).



