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Abstract

Marine mineral resources are classified into submarine and seawater mineral resources. In seawater, huge amounts of useful
minerals, such as uranium, lithium, magnesium, aluminum, zinc, iron, silver, copper, vanadium, nickel, titanium and cobalt are
present. If the rare metals recovery technology from seawater is developed, the commercialization of the precess will be pos-
sible. For the 21st century, countries rich in resoures tend to weaponize the resources, according to the depletion of reserves and
quality degradation of metal resources in the land. Therefore, Korea that relies on imports for most of the metal resources, should
focus on the research and development of the rare metals recovery technology from seawater by using the geographical char-
acteristics of the country that is on three sea-sides.
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Table 1. The used query for searching papers of rare metals recovery technology from seawater

No. Search Query

Ytterbium or Lutetium)

Topic=(Scandium or Yttrium or Lanthanum or Cerium or Praseodymium or Neodymium or Promethium) OR
Topic=(Samarium or Europium or Gadolinium or Terbium or Dysprosium or Holmium or Erbium) OR Topic=(Thulium or

Databases=SCI-EXPANDED Timespan=2000-2012 Lemmatization=On

Topic=(rare earth) OR Topic=(rare metal*)

Databases=SCI-EXPANDED Timespan=2000-2012 Lemmatization=On

Topic=(sea or ocean) OR Topic=(seawater*)

Databases=SCI-EXPANDED Timespan=2000-2012 Lemmatization=On

Topic=(extract* or separat* or preparat* or analy* or detarmin*) OR Topic=(geochem* or distribut* or concentrat* or min*)

4 OR Topic=(recover* manufact* or hydrometal* or metallurg*)

Databases=SCI-EXPANDED Timespan=2000-2012 Lemmatization=On

5 #1 OR #2
Databases=SCI-EXPANDED Timespan=2000-2012 Lemmatization=On
6 #3 AND #4 AND #5

Databases=SCI-EXPANDED Timespan=2000-2012 Lemmatization=On

Number of paper
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Fig. 2. The number of papers on rare metals recovery
technology from seawater by the major country and
Korea.
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rare metals recovery technology from seawater by
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Table 2. The trend of annual papers on rare metals recovery technology from seawater by the major country and Korea

Annual number of papers Ratio
Rank | Country

2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | Total | (%)

1 USA 24 28 34 33 47 39 38 44 37 48 44 49 30 | 495 | 2549
2 China 8 4 15 13 15 18 17 43 38 39 37 43 35 | 325 | 16.74
3 Japan 20 9 12 20 26 23 22 30 15 16 11 16 9 229 | 11.79
4 France 18 14 21 16 14 19 15 21 17 19 25 22 7 228 | 11.74
5 Germany | 10 12 13 21 11 18 12 18 18 19 22 35 10 | 219 | 11.28
6 UK 10 19 11 14 15 15 11 13 20 22 20 21 14 | 205 | 10.56
7 Canada 9 15 7 7 5 8 10 17 16 21 10 15 9 149 | 7.67
8 Australia | 9 11 8 6 19 2 10 17 15 8 10 13 15 | 143 | 7.36
9 Russia 4 12 5 3 4 7 3 8 3 5 11 16 4 85 4.38
10 Italy 4 3 6 2 7 8 5 6 7 8 11 8 6 81 4.17
21 Korea 1 0 2 5 1 2 1 0 1 4 4 3 2 26 1.34

J. of Korean Inst. Resources Recycling Vol. 22, No. 6, 2013



KEHE] MR K mgeshi 77

]
N,
I

(Index leve)5 &85
0 A5 54 =7 Ut

i
Ao o
L ose
g
oy
m}iﬂ%ﬁi

& o ro
o o oo ¥

71 o] sEATE eaEdAopt A1
° BS6NS Be] =R wolg BN A &
Fol 7P 59 Ao Uiyt Bof W o4k
FEES HolE Irhs P(1.489), HIFH(1.394), T

e}

(1.315), L(1.139)°1H, o] =7hd ol 047} 2
go] I HHA B =& A Aole atiA
A @ Aow veigt 3, felueke AT
7b 04092 Ht olst® YEhgth V=] =
4959, FFEAF 13942 Ao 7P ghsl o
FoRE Wik ol R =R FEE 5T A
o8 yepon, sejuets =g 208, FEAT
04092 B Ael=e] vjsl dojxl= Zlo= vehsith

¢

FP FABEAT ARE =T AR 34 AL
£o) FATEAT VESD A 2AAT. 59,

Zepn, w3, GFo] 247 4N, 47N, 46715, 40
M23 TEATE Fae Zow Yepton, 2o}
o el 27t 1ol 1S)Ee s wwE )

% F5A77h BdeA Bt

3.3 gi7r|a 2o

= AR &E713S B8 A3 AAIFLE 1,510
N 71N B A7t FEE Flog Uit o
E A37]¥ = Chinese Acad. Sci7} 152¥9] =E%
ARGl DA 1,94299) =5 F 7.83%S Fa3ke] 7
2 e =55 AAS Ao E YERHT). Russian Acad.
Scil= 6471(3.3%), China Univ. Geoscii= 54%1(2.78%)°]
RS AAEl] 22t 2, 3912 XA &I THFig. 4).

Fo A77|#Y Aed =8 £ Fol2 ®u 2000
dt] ZWoll= Univ Tokyo, Nagoya Univ. 5 U+

Australian Univ

Nanjing Uniy,
Natl Uniy, 32  Oxford, 31
31 .
EN .
Woods Hole
Oceanog
Inst, 40

Nagoya
Univ, 41 Russian
Acad Sci,
US Geol 64

Univ Tokyo,
52

China Univ
Geosci, 54

Survey, 42

Fig. 4. The number of papers on rare metals recovery
technology from seawater by the major institute.

Table 3. The trend of annual papers on rare metals recovery technology from seawater by the major institute

Annual number of papers Ratio
Rank Institute o,
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Fig. 5. The index level of papers and the strength of international cooperation on rare metals recovery technology from seawater

by the major institute.
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