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Abstract

The precipitation test, which is the last step of magnesium recovery process consisting of three processes (pre-precipitation,
selective dissolution of magnesium, precipitation) is performed to obtain magnesium sulfate powder from seawater. In the study,
we succeed in precipitating the magnesium sulfate by adding acetone into the solution of magnesium over 4 times concentrated
from seawater. The yield efficiency of magnesium sulfate increases with increasing pH and the ratio of added acetone. More

than 99% of magnesium is obtained as magnesium sulfate hydrate (MgSO,4-6H,0) under the following conditions; pH 1.0 ~ 1.5,
and the ratio of solution and acetone 1 : 1.5 (v:v). The acetone used in the precipitation process is recovered by the fractional

distillation.
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Fig. 1. Schematic diagram for recovering the magnesium from seawater.
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Table 1. XRF analyses of CKD and PSA.

Content (%)
Components
CKD PSA
CaO 46.41 69.54
Si0, 6.42 13.94
AlLO; 2.32 6.35
K,O 21.02 -
MgO 1.27 3.85
Fe,04 1.39 2.04
SO; 3.65 2.19
P,05 - 0.55

3, PSASl F8 FAAE] portlandite [Ca(OH),],
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Fig. 2. XRD diagrams of the solids precipitated in artificial magnesium solutions (10,000 mg/L) by adding acetone into the

solutions.
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Fig. 5. XRD diagrams of the solids precipitated by adding acetone into extracts. Here, the extracts are obtained through the
precipitation of dissolved magnesium in seawater using CKD and the extraction of the magnesium using H,SO,.
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Table 2. Changes of Mg concentration and pH by adding acetone into extracts. Here, the extracts are obtained through the
precipitation of dissolved magnesium in seawater using CKD and the extraction of the magnesium using H,SOj,.
H.SO after acidification after acetone addition
2004 extract:acetone (v:v)
(mol/L) Mg (mg/L) pH Mg (mg/L) pH
0.5 7,050 1.65 1:1 347.5 2.32
0.5 6,650 1.48 1:1.5 26.5 2.17
1.0 7,800 0.01 1:1 1,395 1.95
1.0 7,425 0.08 1:1.5 337.5 1.65
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Table 3. XRF analyses of the solids precipitated by adding acetone into extracts. Here, the extracts are obtained through the
precipitation of dissolved magnesium in seawater using CKD and the extraction of the magnesium using H,SOj,.

H,SO, M) H,S0O,: acetone (v:v) SO, MgO CaO AlLO3 Fe, 05 K,O
0.5 1:1 66.71 25.07 297 291 0.86 0.70
0.5 1:1.5 67.61 25.96 1.76 2.92 0.83 0.55
1.0 1:1 66.62 29.17 227 0.74 0.26 0.35
1.0 1:1.5 66.39 26.73 5.94 0.30 0.10 0.08
H,SO, (M) H,SO,: acetone (v:v) Na,O SiO, ZnO MnO CuO
0.5 1:1 0.35 0.14 0.14 0.07 0.07
0.5 1:1.5 - 0.12 0.12 0.08 0.06
1.0 1:1 - 0.31 0.15 0.07 0.06
1.0 1:1.5 - 0.23 0.14 0.05 0.04
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Fig. 6. XRD diagrams of the solids precipitated by adding acetone into extracts. Here, the extracts are obtained through the
precipitation of dissolved magnesium in seawater using PSA and the extraction of the magnesium using H,SOj,.
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8

A £ Hgo] 1:15, 1~2iuHT
=2 AJelellA], pHeF Adglo] tite] mlavso] 4
7] wiolt). A& bl Ao dF
1.66 ~3.06 g°]ATH
IA7E AR A, Boe] pHeF o] Wit
AT oHlE F9 A pHE 0.09 ~ 1.52010=H, F
A Folle pH/F 0.99~1.3002 =obxth. 12]a 8%
N oplEE et &9 27] F¥lE= 78~93mLo]
R, IATE ARE F P ARde] HE Fu=
61 ~80mLoIlth. “33.1. CKDS wmlauls JAA=Z
AREEE 739 AollMet mRR7AR g4 e] Fjvt
14~23% A% 7484t}
Table 55 A3 FAntavld

flo me Hi

A¢] XRF Aol

_g_ \/1—01—1;]_ ZH@XJ_O_ E;H 2=
=7t Y =2 ﬂ/&ﬂ}:ﬁ]ﬁ& as F Ao 7y
3 °] Ca, Al, Fe $%o] 2zt 2.1~3.6%,
52~9.0%, 1.2~ 1.6%°]At}t. CKDE AR-3HA H4tal
Tge] Lol Ca FEro] EAlEloy, PSAS AL
Q_—a}uq Al Fe 6‘]—\11:7]].x] l-:yﬂ 1,}91—1:]. o]749. Olj}.XJ o
2 PSA AAIY Al, Fe ¥3o] CKDET 4 &7
wjFo]CH(Table 1). PSA $Hr¥ Al, Fe ¥ 7z}
6.4%, 2.0%°1™, °] F-2 MEH hmladlg A<
3F A% ) H|=Sth(Tables | and 5). &, k2
Hh’i |E34olA PSACl 3 oiFiEe] Al Fe A

o] itoll BEHUN, oMAlES] HEo] F2 dEol
*1 Al, Fe7t oAl 8421 3k Felo] A=
HEEta AlEE

gitt. Bw=el

34. AtEt OHMIE 3l
Pkl HE ol g2 &4(120~ 160 mLy&
= SFRet] et & FRse 2E7t

Table 4. Changes of Mg concentration and pH by adding acetone into extracts. Here, the extracts are obtained through the
precipitation of dissolved magnesium in seawater using PSA and the extraction of the magnesium using H,SO,.

H,S0 after acidification after acetone addition
4 extract:acetone (v:v)

(mol/L) Mg (mg/L) pH Mg (mg/L) pH
1.0 5,800 1.07 1:1.5 5.1 1.22
1.0 5,500 1.52 1:2.0 2.8 0.99
1.5 6,100 0.09 1:1.5 5.8 1.30
1.5 6,600 0.47 1:2.0 3.6 1.21

Table 5. XRF analyses of the solids precipitated by adding acetone into extracts. Here, the extracts are obtained through the
precipitation of dissolved magnesium in seawater using PSA and the extraction of the magnesium using H,SOj,.

H,SO, (M) H,S0O,: acetone (v:v) SO; MgO CaO AlLO3 Fe, 05 K,O Na,O
1.0 1:1.5 67.09 20.30 3.58 6.54 1.43 0.08 -
1.0 1:2 67.51 22.63 2.49 5.21 1.20 0.07 -
1.5 1:1.5 66.97 22.58 225 5.16 1.59 0.10 0.27
1.5 1:2 69.02 16.21 2.07 8.96 1.51 0.10 -
H,SO,; (M) H,SO,: acetone (v:v) SiO, ZnO MnO CuO P,05 TiO,
1.0 1:1.5 0.24 0.11 - 0.08 0.39 0.16
1.0 1:2 0.19 0.11 - - 0.41 0.18
1.5 1:1.5 0.20 0.10 - 0.04 0.53 0.20
1.5 1:2 1.05 0.10 0.05 - 0.66 0.27
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Fig. 7. GC-MS analyses of (a) acetone, (b) and (c) solutions
obtained after the fractional distillation when CKD
and PSA are used as precipitants, respectively.

60 ~70°CY w] AFE LW (60~90mL)o] Z7]|3}5t
EHEAT. GC-MSZ 1 st BAs A+, F7)slet
oo 100% obH|Eo)Ak(Fig. 7). AEFTHANA AL
gk oMES Il ARSI rldlE 35)E
o] ZA %%Poﬂ A =go] s Azisict,

>

g B
& A7elME sl viadles 3eke A
T, AAR HEshs vpA GAlel B dde 7
sttt WA AT8AE 013611*1 ER88
vAlE ARl HAzAS Es
ol HgalA sl galEolle nlavlgs vt
g AR ASsTh pH7E =255, 22 0}
AlZe] vlge] wes A vl 448

mlo o ox
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o] ol th. 1A Fimladigo] AAEE ¥, Fe &
NS HHSRIAA % 100%2] oPHES )

ﬁ%mﬂ* = dlERE vdlge F4s] Yl
2Rl CKDSF PSAE 01%611*1 af<e] mkz
55 g *@ﬂﬂ}mﬂﬁ FHZ AN, 2) G
ol &M vilge &EA71L, 3) otHlES 37Nt
o] A ww}:tﬂl*; A&t dlge] wldls
SE7t 1300 mg/Lo|BE, 3¢ 1Eo 2N iluly)
% (MgSO, 6H20 71%) 123kgs 35 4 Utk 3
Fo] vl Irshe 71e dEstel oA 7HF
Z e ﬁﬂ]**OlE}. 2 Aollae}l o] ARH]E
o] A2 {lE AIHAES AHAAR ARSI, ofHlE
& 3rdte] ARG AAFQ] vl S5t
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