£z B|A AXH

1. ME

AFEe A7k ol 2Age]l A 71EA, 4
A o2 8| FEo) olge FEHow, L] A7t
o= AF 5 % FAL PINY 5 ke 54
wj ol IT, BT, NT, Display 5 gt 2Kjel| Al 9] 843
& ot BR 2719 e A1 To 4
27} Z7keKe 2 W, 3laE4 vigee] 80% ol
o] 54 SH7jo] W] 91& Wk ope} A vl
$ 59 YPor FFANL 25F ok
olei, Fele L3 F7IA AL 27)5 £
uglel wet slaade FRE e $2E o
el ek olol A A ML sladse)
FEFE dlaa) 918 e BE AxE Fhsk
Yo B¢ 1983 RE slaFol B Y2
AFH0B, 20000 “ 81T g 913 4
#Y 3 o Aa3s 038 03 —aﬂ 3
34 2 AAE AGESAT =
4 g 99 434 A9 ¥
200840 8)ag4 9 BEAele) A 8
HE 937124 o ME & Bl A2 ¢
3

o>

oz

r\
OH o o ml

Moy 2 g x0
o 12 g %1
2

l->

%0,
|o
i)

64 || ARIri£E

= = = s * = Ok
2 _ 9IF DE Baxl ZHE 28R
TEostm AATHZSHL, B2l

WE, AA=rky, ¢

), EEuule] 8502 T 3
ol Walel Ao S 20t wed Svhel
3 Aok 75 UeBe 1 FHET, 2468C)0]
o, WA, 45@, W4)de) FEaa % - 41 o

A= = o7
£O%, 23F

oy R

e
%), T B, A
AHE IO A T QOB 5 RISl 275 A
91T 5 AEE thkebl AHgE AOE o]
A e ol 9B wI, G Sold 78 512
% sz 44
Bslel SR AT A SR Sl
Sheltk? et U] 4ke Tale 1
A A7 A 2rEe) 88% oS kol A 4
93, A0 ZE CBMMIitZE U4 214

Table 1. Ferro-niobium  (Ferro-columbium) World Production by
countryl (USGS,2011)
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[Metric tons, Nb contrent
Country 2007 2008 2009 2010 2011

Brazil 34,612° 35,534° 22,932° 34,708 34,700™¢

Canada 4,337° 4,384 4,620 4,620 4,620

Russia 80r 80 79 80 80

United State  NA NA NA NA NA

Total 39,000 40,000 27,600 39,400r 39,400

“Estimated. "Preliminary.’Revised. NANotavailable.

'Estimated data are rounded to no more than three significant digits; may not add to totals
shown.

Table includes data available through July 13, 2012.

%in addition to the countries listed, austria, China, and Germany are thought to have produced
ferroniobium (ferrocolumbium), but

estimates of output levels.

information is inadequate for the formulation of

*Reported figure.



m I LIQE AXjo] EXSE BEM al Al =

o

36.75

3500 3263
3110

30,00

25.00

20.00

14.50

1500 | 1333 1320 1291 1258 1534 1350
10.00

5.00

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Niobium Price (US$/kg)

Fig. 1. Annual average price of niobium.
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Table 2. Input of Raw Materials stage

[Unit:ton]

Type Input Import  Export  Output  Note
Niobium mineral concentrates 0 5 0 0 Accumul
Ferro-niobium 0 3,945 5 3,940

Niobium  oxides 0 (] 0 0

Niobium-carbide 0 0.17 0 0.17

Niobium  metal 0 0 0 0

total 0 3,945.17 5 3,940.17
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Table 3. Ferro-niobium production by countryl

Country* 2008 2009 2010 2011 2012°
Brazil 53,839" 34746 52588" 53691 54,000
Canada 4,383" 4,330 4,343 4,632 4,707
Russia® 53" 52" 53" 53" 53
United

NA NA NA NA NA
States
Total 58,300" 39,100 57,000 58,400" 58,800

‘estimated: estimated data are rounded to no more than three significant digits; may
to totals shown.

‘revised. NA Not available

'Table includes data available through July 23, 2013

’In addition to the countries listed, Austria, China, and germany are thought to have |
ferroniobium(ferrocolumbium), but production information is inadequate for the formul

estimates of output levels.
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Fig. 5. Usage ratio of alloy steel products.
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Table 4. Input, import and export of 1st stage

[Unit:ton]

Type Input Import Export Output Note
Stainless steel 179 117 69 227

Alloy steel 3,761 344 1,265 2,840

Wear resistance chip 0.17 0 0.11 0.06

Zirconium pipe 0 1.78 0.04 1.74

Total 3,940.17  462.78 1,334.15  3,068.8
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Table 5. Input, import and export of Intermediate stage
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Fig. 6. Niobium consumption ratio of end products in Korea.

Table 6. Amount of niobium contained in the end products

[Unit:ton]
Type Input Import Export Output Note
[Unit:ton] Construction 1,729 0 0 1,729
Type Input Import Export Scrap Output Transportation
Metal _products for construction 326 30 19 28 309 Equipment 1,078.10 340 43 sl
Metal  products for building 1,489 76 18 127 1,420 General
Automotive  parts 1192 40 53 101 1,078 . 137.09 34 36 135.09
. machinery
Boiler Parts 60 117 35 5 137 Electrical _and
Mechanical parts for cutting tools 0.06 003 0 0 009 ectroni 064 003 0 067
Surface _ acoustic wave filter 0 036 012 0 024 Clectronie - - :
Optical lens 0 05 01 0 04 equipment
Intemal _ combustion engines and turbines 0 07 06 0 01 Nuclear  Power 152 o o 0 152
Atomic  reactor components 174 0 0 0.22 152 Plants
Total 3,068.80 264.59 125.82 26122 2,946.35 Total 2,946.35 374.03 479 2,839.86
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Table 7. Amount of collected niobium in collection stage

[Unit:ton]

Stage Input Note
Raw  material 0
1*'process 0
Intermediates 261.22
End  Products 1.52 spent fuels  tube
Use/A i 857.66
Import 14
includel.52(USA)  ton,
Export

spent fuels  tube

Total 1,120.40
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Fig. 7. Simplified material flow analysis of niobium in Korea
in 2012.

152 tone B o] FHAAHS &

2.2.7. MRS} H7|(Recycle and Disposal)
HellM= A T3S o]gst] Sade Axshe
A 233 Flel ] FRE A3 SRR
throl 2 & glth | @ 23 23 e
e Tl z%ﬂﬂ Azl TPHE BF FHES
SFom, ol= AR F- AlFol = o] H&sIqitt o]
Tk AN = Eekal A ARASE Aol A 2Bl 27
7 7ol T3E VLB I AAH /RS Qg
2 Ealed], oA ZEde| s 7S AAre
o A7FErgol A 2a8]el 23 S YAES B
2 9hds] AAR I T RE3 FEAaE 715

i‘ég ZAs] Weel 2% F7H vd Agd 7]
7+o.
E

—

A e} Ak °ﬂ ofgt ZHXF@M] EH?E
’Jo] gE|ofIch,

Fig. 72 flollA e Yokl tist o9 54 &
EHEE s el o, e 8_9}6}13%_ o 3}
2k SdlelA Yo ge] 8 13 7RAE
°F 4,400 ton o] AREERI O, T15 ol 74%—*6]»‘ Y

S Bo] k& oF 2840 tonl E AEE] 1LF8} F47)
710 tjFto] AMEEIQIh 83 AR o) F e

¥ 1,130 tone] H U H-S AAQ S} 0]-8E] =] &}

7)== Aol

H

H
2=

Aigy H3%, 20059 ad || 69



E uty| % DEHE BAZ XA

o= 29 1, 27 AY EEEMS
Sl S A R, A, B
U4 54 ARE s, 208 $ANR L
e nZa7) Slste] 44 1 FI7EaA), 13 7HeA)
F FAE D ATAF B T A0 AR2A
T T
Nato] A BUSE BHHGON, FANES Lok
® ole) o} 7k

L Sefuiere] #e Yate] Asto] Fufel s 2wl
L UoBe A £l dFs gow, e
ok 5,065 ton2] U2 HF-S U3t o] = 78%7} #H =

U sl FelE SYHOn, o 067} 13} 743A %
o= 4

2. 98 V230 oF 56% ol AbgEIglon,
5 A9 S8 0l wel 36 clidel £
o ZASISE, SR e 14 713
B oF 685 %, F-ES) WENYl FF AFOE °F 65%

HEAFOE EHTo] °F 25 %7} FEHUCE

3. 12 7}2AEAIE 918 T4 E1)% 3,940 ton
o e F oF 95.4% 7} T4l Fwel 54, &
. A7k, WAT 502 A 2E 9, o 4.5%7}¢
Bl Q1e) el T slo] i AR A=Ak 13
Z ARRANA WAYsHE 2T A
ol ARAE o) AHgEIE 22 Blskglom, F1%
o WS FH2IAT ALE F AF) sl
SR 23] AU o] FolAA) ekt

/\2
.

re
i
i
r-{n:
L

b

<)

7’—7 D:

4. S7AFAA N += L] Qo] X3tE AFLS X
8 FE5A1F 105%, ES FE5AIFLE 48.2%,
AFER} HEO Z 36.6%, iov ] HZ O F 46%, YAE

Hzo) g F|BAS A Feh=t] 0.1% AH-EYOm,
Zhzke] FAE S AZshs AN Fh k] oF

85%¢] 2Zigio] WAlsle] S5IEE A O ekt
5. AFAEWAL UoH FIAECS AZE RE

=°] AT PAF FIHE AR A4, 570, o

il

w7\, A7) L A7), AE, Tps W SE Zow B
Fxm, = 2807.1 ton 2k 95% o]Ato] A=} 47]7)
o o]-g-#rk.

70 || AIRIRI £ 2

6. B+ B4 A2k 91a) st oF 2,500,000 ton
o) W7} 23RS olgaich AUA) B3 A

2Hde] 845 =ol7] flsixeE AP S 1ol 23+
eAl ] &8-S 95 Aol Hasith
7. 3=2 U FE9 =7 A7k ¢F 5,000 ton ©]4o.
2 Z3l8t Fdo] wadt st 2% 1 vt
T3] sold A oE ddE, ¥ 4kjie] A&2 1
e s U Ee FH <l Tl F st
HA=d

1. “Long-term Measures to Stahilize Supply and Demand
for Industrial Raw Materials,” pp.38-92, Korea
Nonferrous Metal Association, 2008.

2.H.N. Kim, H. S. Jeong, J. G. Lee,and T. Y. Lim,
“CEO Information,” pp. 1-8 Samsung Economic
Research Indtitute 2011.

3. H. S Choi, Y. H. Kim, and Y. G. J, “Overview on
Rare Metd Industries and Their Recycling (in korean)”
13 [1] (2010).

4, http://lwww.koenergy.co.kr/news/articleView.html?
idxno=56384

5. H. S Lee, “Study on Institutional and Technical
Supporting Plans to Activate Resource Recirculaion of
Rare Metas of Waste Metal Resources’ (in korean),
pp.1-6, Korea Encironment Ingtitute, 2011.

6. H.J Ko, J G. Kim, I. S. Lee, H. Y. Kang, and S. J.
Hong, “Investigation of Material Flow and Industrial
Trend of Domestic Europium (in korean),” J. Kor.
Powd. Met. Ingt., 20 [5] (2013).

7. “Reliable ways of Securing Rare Meds” pp.1, Miniry

of Knowledge Economy, 2010.

8. “Indghts. Rare metals Policy Implementation Status in
Japan” (in korean), 2012.

9.J W. Song, S. H. Leg, H. S. Hong, H. Y. Kang, and
S. J Hong, “Indusgtrid Supply Chain Trend of Domestic
Tunggten (in korean),” J. Kor. Powd. Met. Ingt., 19 [1]
(2012).

10. “Korea Internationd Trade Asociation(KITA),” 2012,

11. J G. Kim, “Materid Flow and Industrial Demand for
Palladium in Korea,” Resources, Conservation and
Recycling, 77 pp.24 (2013).

12.1. S Leeand J G. Kim, “Industrial Demand and Inte-
grated Material flow of Terbium in Korea,”
International Journal of Precision Engineering and
Manufacturing-Green Technology, 1 [2] ppl47, (2014).



m I LIQE AXjo] EXSE BEM al Al =

o

®
@

20144 FFEOSSL AZAZEE Sk
20154 RO ek A2ATEE Ak

® ®

® ®

@®
@
o
old
o

2001 SEishal S48 ¥t

2003 University of Central Florida BpA}5-
a7

2005 A AT A7

2006'3-FA FFHt W

®

® @

19963 University of Queensland 2-8MA}

20065-20061 THEFARE A&7 15 2911s] 2k
Rk

2010'-&A) 1slhshy 338t Hwa

201320141 =731 1e:41018] ofuixE]
Bk

2003A-&A) A=A EATD AT S
A AANE AlE]

®®

]
rg
r

* 20129 S ALATIER AL
® 2014'd o) eha e

d b

N,
>

© 2011 <lsiishar 3338} uiAL
© 20113-EA) =AYl A3
EAUAE AE

A8y A3z, 20159 ag || N



