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

Concentration (mmol/L) -
Na© K" Mg** Ca®” cr SO,* B P
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
=" 10 M NaOH
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Fig. 1 Experimental procedure for LDH synthesis
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Fig. 2 Experimental procedure for Na,CO; treatment
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Table. 2 Chemical compositions of the products synthesized
in Na;B4O7 solution, NaCl solution and Na,COj3 solution.

Content (mmol/g)
Mg | Ca | Al Cl B
B-LDH |[7.87 10.13 [3.56 |0.77 | 1.54
CLLDH |8.23]0.13 |3.67 | 1.92 [ N.D.
CO;-LDH | 7.75 1 0.35 | 3.52 | 1.50 | N.D.
N.D.: Not detected
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Fig. 3 XRD patterns of the products synthesized from bittern

in (a) Na;B407 solution, (b) NaCl solution and (c) Na,COs

solution.
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Fig. 4 TG and DTA for the products synthesized in Na;B4O-
solution, NaCl solution and Na,COj solution.
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Fig. 5 TG and DTA for PVA and PVA with the products
synthesized in Na,B4O7 solution, NaCl solution and Na,CO3
solution.
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Fig. 6 XRD patterns of the products synthesized from bittern
in Na,B4O7 solution after treatment with 0-1000 mM Na,CO;
solution.
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Fig. 7 TG and DTA for the products synthesized in Na;B4O7

solution after the treatment with 0-1000 mM Na,COj3 solution.
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Table. 3 Chemical compositions of the products synthesized in Na,BsO- solution after the treatment with
0-1000 mM Na,COs solution.

. Content (mmol/g)
Na:CO3 concentration (nmwol1)

Mg Ca Al Cl B

0 7.13 0.04 3.44 0.86 1.57

1 7.11 0.08 2.74 0.38 1.53

10 6.54 0.05 3.06 0.46 1.30

100 7.65 0.12 2.71 0.29 1.39

200 7.95 0.14 2.90 0.30 1.87

500 10.12 0.17 3.80 0.41 2.22

1000 8.05 0.13 3.14 0.33 1.66

Table. 4 Chemical compositions of the products synthesized in Na2B4O7 solution after the treatment with
0-1000 mM Na,COs solution at 20, 40 and 60°C

Na,CO; Contenf (mmol/g)
concentration (mM) Tenperature (°C) Mg Ca Al Cl B
Raw B-LDH 8.11 0.09 3.40 0.72 1.89
20 8.42 0.12 3.37 0.17 1.03
10 40 7.52 0.11 3.24 0.10 0.80
60 7.72 0.11 3.34 0.12 0.65
20 8.10 0.12 3.20 0.13 0.73
100 40 7.67 0.13 3.12 0.02 0.27
60 7.93 0.13 3.07 0.00 0.12
20 7.03 0.08 3.28 0.15 0.62
1000 40 7.34 0.10 3.13 0.00 0.23
60 6.47 0.10 291 0.00 0.06
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—Raw —Raw Raw
250 - 710 mM-20°C 250 L T 100 mM-20°C 250 - 71000 mM-20°C
2 2000 —10mMe0C = 2000 Ti00mM-s0°c 2 2001 1000 my-60°C
d g g
3 E 150 | 2 150
= = =
] 3 3
E 2 100 ﬁ 100 -
501 50 -
% 200 400 600 800 1000 %5200 400 600 800 1000 %300 400 600 800 1000
Temperature (°C) Temperature (°C) Temperature (°C)
100 2 100 1
80 80
2 60} 5 S Gt
2 2 2
S 40l —Raw %n 40 | —Raw 2 b — Raw
z —wmv20c |2 100 mM20°C g —1000 mM-20°C
20 + 20 + 20+
=10 mM-60°C 100 mM-60°C ~1000 mM-60°C
%9200 400 600 800 1000 %9200 400 00 800 1000 % 200 400 e00 500 1000
Temperature ("C) Temperature (°C) Temberature (°C)

Fig. 8 TG and DTA for the products synthesized in Na;B4O7 solution after the treatment with 0-1000 mM Na,COs solution at
20, 40 and 60°C.: (a) DTA-20°C, (b) DTA-40°C, (c) DTA-60°C, (d) TG-20°C, (e) TG-40°C, (f) TG-60°C
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Fig. 9 TG and DTA for PVA and PVA with the products synthesized in Na,B4O7 solution after the treatment with 0-1000 mM
Na,CO; solution at 20, 40 and 60°C: (a) DTA-20°C, (b) DTA-40°C, (c) DTA-60°C, (d) TG-20°C, (e) TG-40°C, (f) TG-60°C
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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 by addition of cheap agent, AICl3, and prepare a retardant powder with low Cl content after treatment
with Na,COjs solution.

Boron-type LDH can be synthesized from bittern with addition of AlCIs, and the products with low CI content can
be prepared after treatment with 10 mM Na>COj solution at 20°C, indicating high frame retardant ability in polyvinyl
alcohol (PVA).



