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A study on the comprehensive resources utilization of seawater

by the vacuum heat transfer technology
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Abstract: Mud, iron oxide, plaster, salt, minerals, and dissolved metals are sequentially deposited in accordance with the in-
creasing concentration of seawater. In this paper, by using the physical characteristics of the seawater, we propose a new vac-
uum heat-transfer technology to subsequently obtain the proportion of the dissolved components in a cost-effective manner.
Based on the vacuum heat-transfer characteristics of seawater, we comprehensively divide the seawater resource processes into
the following four processes: (1) the salt concentration process to the saturation concentration, (2) crystallization process for salt
formation, (3) mineral precipitation, and (4) remaining of dissolved metals.
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Table 1: Dissolved element concentration in sea water

L o | (mg/L)| & A (mg/L) - < (mg/L) - A (mg/L)
Hasy Ca | 400 | %25 | U 0.003 A& Ccr | 5.0x10° | 7tEEHE | Gd 24.0x107
e K 380 = Cu 0.003 = Sc | 4.0x10° S R= Er 24.0x107
BE Br 65.0 H] & As 0.003 L Ag | 4.0x10” olH & Yb 20.0x107
YEH | Na 105 | AHE | Kr 0.003 W Pb | 3.0x10° AbetE Sm 17.0x107
2EZE| Sr | 800 | HYE | V 0.002 Fo Hg | 3.0x107° ZF Ho 9.0x107
B B 4.60 A Ni 0.002 a5 Ga | 3.0x107° == Be 6.0x107
ST Si 3.00 o2 | Mn 0.002 | XE23F | Zr | 2.2x10° EF Tm 5.0x107
= C 2.80 | HEE | Ti 0.001 H| A%~ | Bi | 1.5x10° FHlF Lu 5.0x107
uldE| Mg | 135 T4 Sn 8x10™ ek La | 1.2x10° FE2F Eu 5.0x107
22 F 130 | oE]¥ | Sb | 5.0x10™ sy Tl | 1.0x107 HE Tb 1.0x107
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. S A Q o} = (7]
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AdZulE| Al | 0.01 EF Th | 0.50x10™ e Ta |025x10° | A& | N 0.50
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Table 5: Comparisons of the table salt quality with the world-bes Sa;\ b= i+ 3 A T':j—b
FE | Nz | Ha ﬁ’gl ZRE {KT 0%, As| &, Pb ﬂgf’ T%;klg‘l)g
= Ca al f mg;
2H T P(IOZA)C)) (mg/ekg) (mg/kg)| (%) |(mg/ke)|(mgkg)| (mgkg) | (mgkg) (mg/kg) —
SR 9421 - - =HE | e | =HE | =HE
; Ve 452 - - :
A A BLALE) g _ 0.500 2.000 0.500 0.100
- KOREA, 8.00 - - | 8000 | -
A1 | m9a oz 0 0.057 0.008 0.000
“CHI 88.74 | 4,240 | 936.0 | 0.00 :
CHINA, 5.88 | 58.34 | 990.0 . > 0.000
Wt z10lod s = : 0.142 0.005 :
B Ad4 7+ 1,296 | 81.75 | 9,645 | 3,465 0.000 .
AR | Ao A4 9.04 | 2448 | 1, . o | o001 0002 | Ba% | 2=
O] EH iu}j] 2 4.43 80.57 1,406 90.00 1,576 o13. i H o=
a9 00 | 1390 | 7% | 0018 | 0001 | B7%
ofeel, eIt 90 | 2519 | 1518 | 92.00 | 190, ; N
A 3340 | 27% | 0017 | 0001 | EAE
o] ﬂﬂ; AHEOTOH 18 | 1964 | 9280 | 99.00 | 485.0 : o 0.001
Ttz : 2% | 0.029 0.010
a | CTHELCIS 1005 | 2305 | 6550 | 9700 | 5190 | 2880 | 27 ——
Wor 7+e 3 BAZ | 0.029 0014 | =H<E
552 0 | 17.00 | 4400 | EH= .
olefe], ol=Zy] 0.03 17.26 | 152.0 | 100. . - B =
Best o}l : 50 | Baz 0.016 p e =aE
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Table 6: Extraction components from seawater according to concentration

FTEAAs ] A AT

Volume .| Weight | Salinity Extraction Components (mg/kg)
Density o
(CO) (gr) (%) Fe,0; | CaCO; | CaSO, | NaCl | MgSO, | MgCl, | NaBr | KCl | Metals
100 1.0245 |1,025.0| 3.5 - - - - - - - - -
54.3 1.0531 | 571.5 6.4 0.0008 | 0.0619 - - - - - - -
37.1 1.0748 | 399.2 7.5 0.0004 | 0.0210 - - - - - - -
24.3 1.0958 | 265.9 13.2 - 0.0018 - - - - - - -
19.8 1.1238 | 217.0 13.8 - 0.0082 | 0.3353 - - - - - -
15.1 1.1150 | 174.0 17.2 - 0.0087 | 0.4308 - 0.0078 | 0.0168 - - -
11.9 1.1864 | 140.6 21.3 - 0.0127 | 0.2486 - 0.0053 | 0.0141 - - -
10.0 1.2176 | 121.8 19.8 - - 0.0751 | 0.0839 | 0.0050 | 0.0181 - - -
8.4 1.2219 | 102.2 22.2 - - 0.0753 | 4.8465 | 0.0710 | 0.1189 - 0.0034 -
6.6 1.2253 | 81.0 27.0 - - 0.0550 | 5.1887 | 0.0379 | 0.0836 - 0.0173 -
4.4 1.2358 54.9 353 - - 0.0483 | 6.2577 | 0.0712 | 0.1227 | 0.0089 | 0.0221 -
2.6 1.2512 | 325 48.0 - - 0.0396 | 5.6609 | 0.1251 | 0.2254 | 0.0058 | 0.0513 -
1.6 1.2924 | 20.6 59.3 - - 0.0116 | 2.6256 | 0.0837 | 0.1975 | 0.0068 | 0.0406 -
0.8 1.3056 | 104 74.3 - - - 1.0966 | 1.1784 | 0.4221 | 0.0268 | 0.2417 -
0 - - - - - - - - - - - 0.4800
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Figure 3: Relationship between salinity and volumetric ratio
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Figure 4: Relationship between salinity and specific gravity
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Figure 5: New thermal modes for the comprehensive re-

sources of seawater

Table 7: New resource recovery process for the s.w resource extraction

Compenent Salinity I(%g Fe,0; CaCOs; CaSO, NaCl MgSO4 MgCl, NaBr KCl
Step
Process-0 W (gr) (45.73) - - - - - - - -
Vaporization W% (%) - - - - - - - - -
6.4 0.00 0.00008 | 0.00619 - - - - - -
7.5 17.12 0.00004 | 0.00210 - - - - - -
13.2 12.87 - 0.00018 - - - - - -
Process-1 13.8 4.43 - 0.00082 | 0.03353 - - - - -
Concentration 17.2 4.63 - 0.00087 | 0.04308 - 0.00078 | 0.00168 - -
21.3 3.25 - 0.00127 | 0.02486 - 0.00053 | 0.00141 - -
Total(gr) | (42.30) | 0.00012 | 0.01143 | 0.10147 0 0.00131 | 0.00309 0 0
W% (%) - 0.1 9.7 86.4 0 1.1 2.63 0 0
19.8 1.83 - - 0.00751 | 0.00839 | 0.00050 | 0.00181 - -
22.2 1.14 - - 0.00753 | 0.48465 | 0.00710 | 0.01189 - 0.00034
27.0 1.20 - - 0.00550 | 0.51887 | 0.00379 | 0.00836 - 0.00173
Process-2 353 1.52 0.00483 | 0.62577 | 0.00712 | 0.01227 | 0.00089 | 0.00221
Crystallization 48.0 1.23 - - 0.00396 | 0.56609 | 0.01251 | 0.02254 | 0.00058 | 0.00513
59.3 0.71 - - 0.00116 | 0.26256 | 0.00837 | 0.01975 | 0.00068 | 0.00406
Total(gr) (7.63) 0 0 0.03049 | 2.46633 | 0.03939 | 0.07662 | 0.00215 | 0.01347
W% (%) - 0 0 1.2 93.8 1.5 2.9 0.1 0.5
Process-3 74.3 - - - 0.10966 | 0.11784 | 0.04221 | 0.00268 | 0.02417
Mineral Total(gr) (0.52) 0 0 0 0.10966 | 0.11784 | 0.04221 | 0.00268 | 0.02417
Extraction W% (%) - 0 0 0 29.7 39.7 14.2 0.9 8.2
Process-4 remained - (Gas) (Metal) - - - - - -
Dissolved Metal | W (gr) - 0.19 0.48 - - - - - -
Famtd A Aol shs] #] A39A A75(2015.9) 690
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Table 8: Classifying conditions for the 4-processes

Mother liquor
state

Brix
concent.

Specifi

gravity

Volumetric
ratio
of mother
liquid (%)

c

Sea water]

(or High
Saltwater)

3.5 1.025

100.0

Process-1

Saturated Sea
Water

27.0 1.210

9.06

Process-2

End of
Crystallization

50.0 1.268

Process-3

Mineral
Extraction

50.0 1.302

Process-4

Remained
Meatals

(3he] EH

X, o b

rlo

N
N
S o ok

~~
W
N
o
A

of O
o 2
=

AN
>

N
f

ro

OERE

3

o

Mo o 2

o
2

o
Ho
)
R

4.

o
AL

ol
2
o

Xt
El

13l

> T
=
Lo

ot

[

2

o,

=

tlo rlo

e 2
o
o
O
Wy

&2
(o
(o

o

L

(%]
i
o
)

(

N

=

[}

jin

BN B
Ol
(o
il
>

EREE
Fangdel Aeg

e

4 =

T

% (Vacuum heat transfer technology)S 7]

0

gul
[e]

IulAdAYolF s #x] A3978 A7E(2015.9)

(1]

]
£

o o

2 o 30 2

=)

o
o
o
=
fil
Ho

=
By

Y
o

ol
o>
x
=¥

1

Lo

o &
e

2

o,

N

)

ofX

N
-

e ot A2 ol
g
o

o

il

it
.

I

!
= %5

= 5%
e} 2ol A ge
A9 ZHoA whg-

)

ok
2F

off
4

=

o,
el o

o
Ak

f
e

FENENLARY, e
(KIMST)e] 71817 2 %
A A Lol ©)ske]

e Phge AgULh

™
olo(v o>
do b

fincs
e}
- 1o

References

S. C. Shin, K. G. Kim, J. S. Park, D. K. Park, and
C. H. Lee, the High
Technology Treatment of the High Salinity Seawater

A Planning Research for

Resources, Planning report of Korea Institute of
Marine Science and Technology Promotion, 2014.

C. B. Kim, Y. H. Song, K. G. Kim, K. T. Park, H.
S. Jung, and D. Y. Choi, “A study for the operation
characteristics of the multi-stage fresh water generator
of the
Society of Marine Engineering, vol. 32, no. 8, pp.
1185-1191, 2008.

C. H. Kim, “A development of application technology

by the thermo-compressor,” Journal Korean

for the R.O type fresh water generator considering the
the The
Research Development Corporation, KIWE-IWW-05-10,
2005.

K. S. Jung, B. K. Kim, K. G. Yu, J. C. Lee, J. K.
Jung, Y. D. Seo, and D. S. Kil, A Planning Report
for the
Growth Engined Policy Methode, Planning report of

island seawater problem,” Korea Water

Dissolved Resources in Seawater and the
Korea Institute of Marine Science and Technology
Promotion, 2010.

M. J. Kim, H. J. Baek, S. S. Shin, and M. S. Lee,
“A planning report for the boron recovery technology
in seawater by the AMF process,” Academic-Industrial
Cooperation of Korea Maritime and Ocean University,
Report, 2012-0099, 2013.

M. B. Joo, J. H. Kang, H. S. Jang, and H. D. Lee,
“A study for the direction policy for the high-valued

694



>

FIAD %0l % A5 FHAU%R] B AT

food industry of the sun-dried salt,” KMI Report, [17]1 S. B. Moon, K. S. Kim, C. H. Lee, C. Oh, and C.
2009. W. Bae, “A study on the drying heat transfer of the

[7] I. C. Kim, “A Competition of the facility moderniza- high quality seafoods,* Journal of the Korean
tion and institutional improvement for the high-valued Society of Marine Engineering, vol. 34, no. 4, pp.
sun-dried salt production,” Korean Assembly, 2009. 460-469, 2010.

[8] J. H. Choi, K. W. Cho, N. G. Park, S. K. Kim, M. [18] K. G. Kim and D. Y. Choi, “Detailed digital data
S. Jung, and K. G. Kim, “A preliminary report for book of the steam & water,” Thermal Engineering
the table salt production as a treatment technology of Lab. of Maritime College of Korea Maritime and
the high salinity seawater from the fresh water gen- Ocean University, 1998.

erating R.O plant,” Korea Maritime and Ocean
University, Report, 2012.

[9] K. G. Kim, Y. M. Kim, M. H. Kim, and S. D.
Kang, “A Development for the CAD program for thw
automatic design of the steam ejector,” Journal of the
Korean Society of Marine Engineering, vol. 11, no. 3,
pp. 219-226, 1987.

[10] K. S. Kim, J. S. Lee, W. Y. Kim, and K. G. Kim,
“A experimental study for the characteristics of the
steam ejector,” Journal of the Korean Society of
Marine Engineering, vol. 15, no. 5, pp. 358-365,
1991.

[11] G. S. Kim and K. G. Kim, “A study the formulation
for the properties of steam and water according to
the ASME code on P.C,” Journal of the Korean
Society of Marine Engineering, vol. 6, no. 4, pp.
88-101, 1992.

[12] K. G. Kim, A Study on the Steam Ejector's
Characteristics and Computer Aid Design, Ph.D.
Dissertation, Korea Maritime and Ocean University,
1993.

[13] S. Y. Choi, A Study on the Thermal Characteristics
of Thw low Temperature Vacuum Dryer, Ph.D.
Dissertation, Korea Maritime and Ocean University,
1999.

[14] S. B. Moon, S. Y. Choi, K. G. Kim, “A study on
the thermal characteristics of the big capacity vac-
uum dryer for the drying of food materials,” Journal
of the Korean Society of Marine Engineering, vol.
24, no. 4, pp. 427-434, 2000 (in Korean).

[15] S. B. Moon, A Study on the Drying Heat Transfer
of the Sea Cucumber by the Low Temperature
Vacuum Drying Technology, Ph.D. Dissertation,
Korea Maritime and Ocean University, 2010.

[16] K. G. Kim, C. H. Lee, and Y. D. Shao, “A devel-
opment of the hugh quality vacuum dried abalone
with the farming abalones,” Industry-Academic
Cooperation Research Project of the Small and

Medium Business Administration, 2012.

gharrtA A Yo &5t s] %] A39HW A|7E(2015.9) 695



