Az 58 Vol.10 (2005) No.6

BRIZH BEEA Y+ — DS & B

Strategy and Trend of Resource’s Major Producers Around the World

R4

FEAREmIIL (#)

Yasuhiro Tsugita

c1> @Eusic

- KR 256 IR - B EAERE T 51213,
RELREBAEEL, VAZE/HS. 2&xE, Alix Yy
—ThdLT 28 —-Xd, BEOFRA L L VIZHESE,
WcHWT, WALEEEIRAL TS,

2 - IS EBEPRIERTIC BT S L RS AL, fetb(t.
EHICRIRA MY yEDRL LT, EASMLBR AR
WohTna, ZLT, BFEA D v+ -0 - 40f75EAT
W3, AT v —ORAORE L, BHEOREMGETD
.

BRI BV TR, BROEMEHATEE TS5, T4
B, #k - IESEBAIETS, BAMIZINS ¥ 2 K<L
Thiud, A%E, Ax3Couh3,

Lo, gER LIRS, HE L TEFOMIE X
SN RMBE AT e nFEEh 5,

—7 . BRBMETIE, KRRt 20, COo, Pkt
OEFFNZ DO TEFRZH) AT DI TS 45, Tk
EBOBAEIZBWTIE, R EFRMITFA555, LaL
BH6, FHHOREBOZOIZE, fER MR S BET
by, WEHHEBEOMERRLLETH 5.

WTFRICBWTERELHMARE L WS Z & TR, B
OFBITAE, LObiF, HifiiicoOERN RIS 5 H
FOPHER L LUIFBEROBBIITHETH 5,

ARETIR., HRICBT 2EFE X ¥ v — OREE & @iz
WTASKERAVIDINZ LT, HAROEER L IEgERIC
BT 3R EOMBEDTEHEIEIZDONWTERT S,

2> SEOMHE

M1z, AL+ R+Y., G2E£B (Platinum
Group Metal, I FPGM &i9) id, #&{TH 5 Fe, Ni,

472 |

10

Cokl@lizEn ., BEWTHSAu. Agid, Cu k@RS
5, ZO&S BLEHMEICHTE, Au. Ag. B LU
PGM i3, #ih i, R 2RO EERE L 5T
5. PGM &3, 795 F (Pt), /S99 4 (Pd). avwy
4L (Rh), AUV L (), L7F=Y 4 (Ru) BLUA R 3
% 4 (0s) DBHFTH S,

3> PGMOETO—

B2z, ASEERONREE 7 o —&R4 Y, AT,
KBILT, i, #%6E. FiA S 5. LT, S LEOM
45,

3.1
4~Tg /tOPGM MM OEG ZHREL . BERE. ¥k,
TRIBRESLFIZ T, BHEL, WL+ 5,

3.2 B
FagiE, oletk, BRUFICTHEATV, BliERE~ v
MIEHET 5. AEOIRGKRE, A7 7L LTRETS,

i g H O H ' ]

Li [Be Blcinf[ofF

] [; ) [y w
Na|M Wi ["s [alar
“Co Ni |Cu Zn "Ga
L] - 1 |- L It A3 33
pd [Ag|Cd|n [Sn[sb[Te [t
ir |t [Auig 1 [Pb["Bi [Po [at [Rn

13 »

l:Zie As| Se | Br | Kr

H

w0 W
Ti|V|Cr{Mn|Fe

s¢
IR 5
Y | Zr |Nb [Mo| Tc | Ru [ Rh

BaLa “Hf lxTa W “Re 0s

uuuuuuu

Fr | Ra |Acs| Rf [Db|Sg |Bh

(L}

L LI 3 s
Hs Mt 110111112 114 16 118

Tm|Yb r|Lu

oy - III
Fm|Md|No| Lr

[ceor [N [PmSm | Eu [Gd

Th

Tb|Dy|Ho| Er

Aml{cm| 8k [t [Es

&l P [%
Pa| U |Np|Pu

E1 ERpaEy



CONCENTRATILON ; / R EF

HRICEIIAF XY v — OB EBE

MNIMG

Ore ext-acton

(Mill-head grades Crushing

-
Second milling and flotation circuit
for material wich fail to float

=

Small rock
particles

of BIC ore == P A srsrrerrossp Process mixing ...,
betwaen 4 and 7 & Mitting waith w ater and e M =
grams par torne) :‘ special reagents -~

* Flotation concentrate
(parm*content
between 100 and 1000

- = -
Froth flotation Liquid Misc

Air Pumping
-
-

Bubbles to wich "
- =~ pgrm*-containing - *
particles adhere

= dJramsper tonne

‘!'E.

EXTR AL TIOIS
Deying
Lt v it and Smelting waluable
inerals ee inelectical ®***B  rmetals * o « B pPeriodical tapping
. furmace ratte -
- (temp, = 190020 =
3 Air blowing in converters
-
v -
Criscarded
B L
- - -
v w v
Traars AN Pl Te T L onwverdsr rmatbe
varn ® cantant = 1400 qrara
-
-
.
e
L
-
v
EXTRACTION COMNUCENTRATION
~ o -
Sepasration & Purificaton -
combining: pa et Base metal refining
® solvent extr-acton o] =+ =+ concertrated *ssse (standasd
e distillation residuss electralytc
= jonexchange techniques)
: 2
sess v rsrssssenee -
- - b
-
Insolubles pgrm® Soluble rretals :
- g
- -
L I O S R O O R - T T F TSRS
- - - - -
- - - - - -
v v v v v v

l Gokd Platinuny

Palladiunn

richoed Cobalt

Copper

* parmn: Platnum Group Metals

F2 PGMOiEZO-—"

Bohivy ME, BiCiPFCR#E XN, Fe & SHfREE
ha,

3.3 BN
PGM & #ICHffi&BE LT, Cu, Ni. CozERER%
GHETSHvy ML, RS T, R aERICHE
Xh, BEEIEHES N PGM KRGS, BhEEh 5,
PGM KigLIRHIE. VAR, BB TV, BRI, T8
B L. 2L, A 4 v BgoMAG DRI L X
h, PGMAUERE NS,

A TS5FHEEROEEO

K3z, 77 F RO EEEMiK & AFMEERTY, 20
HHEIZ k1T 2 AEOffiRsIE, WPFLHMfa L £ DR E

B, N7y FAEET S L IRIT PN Al AR L T
2LEILEND,

K41z, 77+ rRBEROBHETRT?, 1970 FUKE
ik, ARElEH A v -2 —IZHWSE B PGM O

! Nominal versus Reat Platinum Prices, 1880-2002

# v 4 Fd Foad
= A o A
. vid .-;,w__fuj{ e s
—— Roal price
-, = = Nominai pric A‘

Haan | \ i i\ MI

s ce 300 ! | [

i |V_‘r 17 7~

= o South Alican \J

sintel
‘in 1983 gofirs, 100 i
oquivalon: & — i
$550 1n 2003 D e ey -
A0 MO e0 e 10 WM TMO 1980 TRE0 OT0 1ue0  1gen 2000
fiats Source, L 5. Geologend Survey Veas

Soxrce: Vermmask, CF | “The Platnum-Grog bwiads"pp. 119

E3 757 EeEE”

11 | 473




A& & 548 Vol.10 (2005) No.6

FEAARIIZ A D, 1980 FFARIZIZIN T & AR T 2 A0
KLTWB, 77FFOFEEZ, £93.5ton /year DN— AT,
IFIFHEAICHALTWA Z LAGARRS,

B> @EAYr—OHELHE

51 BHEAT v —DERS

BRI RITE, RELEE LBy ETH 5, E
PEEEH A ¥ v — &, PO _EFREM A & THEM, $4b5,
Eg, PRI, WA, IR TEIED ., il &4
BT LERELTONS,

LR - SRR A U v —i3, M. KEL 2+, KE
IR L, BEHMABTT 280056, #kEOREHFED
AEEHETIEMORRE THET S,

52 BEBEATYv—OEM
#1112, BEX Y v —O5EERT. AEMBIZXS5H

World Platinum Production (1900-2000)

140 |

120 +

=
(=1

80 |

B0

Annual Production (Mg)

40 +

20 +

2000

1860
Year

1880

Data Sources:  1901-1957 Die Metallischen Rehstaoffe Heinrich Quiring, pp 98-99.
1963-1983 Mineral Facts and Problems, U.S. Bureau of Mines.
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Demand for Platinum by Application (Mg)*

Market Share by Application (%)
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MEA Fi&/m R | Bk | K DOB
A RHER | MOEAS | K | Goals
R
AV—R 0.4 0.2 0.2 0.05
Pt fEF R, mg/cn’
T/—E 0.4 0.1 0.1 0.025
Pt f5FI&, ng/cm’
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Gr#  Basic Alloy Cladability ~ Cost Features/Motivation for
*) Components to Steel(**)  (**¥) Alloy (****)

1 Ti (Chem. Pure) Direct 1.0 Low Cost, High ductility

2 Ti (less pure) Interlayer 1.5  Low Cost , Medium Strength
3 Ti (less pure) Interlayer 1.6 Low Cost, Higher Strength

5 Ti+6AL+4V Interlayer 1.7 Strong & Erosion Resistant

7 Ti Gr2+0.15Pd Interlayer 1.9 Crevice Corrosion Resistance
11 Ti Grl+ 0.15Pd Direct 1.4  Crevice Corrosion Resistance
12 Ti+.3Mo+.8Ni Interlayer 1.6 Strong and Erosion Resistant
16  TiGr2+.05Pd Interlayer 1.7 Crevice Corr. Resist. Lower $
17 Ti Grl + .05Pd Direct 1.2 Crevice Corr. Resist. Lower $
27 TiGrl +.1Ru Direct 1.1 Crevice Corr. Resist. Lower $
NA  Ti-45Nb Direct 23 Excellent Ignition Resistance
Legend:

) ASTM B265 Grade Designation

**
Hokk

Readily explosion clad direct to steel, or interlayer recommended
Clad Metal Cost Ratio in comparison to Lowest Cost Alloy (Ti Gr 1/steel), Based upon 8mm

thick titanium alloy clad onto 100mm thick steel.
**** When Alloy Composition shows “Ti Gr.# + addition”, the alloy exhibits features of the base Grade
plus the features listed for the higher grade.

®6 TIFFEEAT v —OBEY AT ton
2002 2003 2004 2005 2006 2010 2015
TOTAL ANGLO PLATINUM 70 72 5 84 90 108 130
TOTAL MPLATS 41 44 46 52 61 70 68
Lonplats 24 28 29 30 31 36 44
Notham 5 6 6 6 6 6 6
TOTAL SOUTH AFRICA 141 150 156 172 188 221 248
TOTAL RUSSIA 30 33 25 25 26 26 26
TOTAL NORTH AMERICA 12 13 13 13 13 13
TOTAL ZIMBABWE 2 4 5 5 7 13 13
TOTAL OTHER 3 3 3 3 3 3 3
TOTAL WORLD SUPPLY 186 198 202 218 237 271 304
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1) International Platinum Association, www.platinum
info.net

2) TIAX . Precious Metal Availability and Cost Analysis

4)

5)

for PEMFC Commercialization, presented at 2003
DOE Hydrogen and Fuel Cells Merit Review Meet-
ing.

RT Jones, Platinum smelting in South Africa, South
African Journal of Science, end 1999.

J.G.BANKER . Hydrometallurgical Applications of
Titanium Clad Steel, CLAD Metal Products Inc.
R.Hochreiter . Platinum producers, NEDCOR Secu-
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