¥ THE UNIVERSITY OF TOKYO

AR EIZRMNELZWLTAZIL

RIRKZE £

B 3
g

REEEETE:

108118 (1)

[ RIZRMELZLLTA2)L] (504)
BHES . F109EEM20EMZF

REKE AHEE 4 #HS0BELAB

Al E20108118(1)14:40~15:30
BT ERKE THEEZ (XER-KEBFXv /R X)

i Institute of Industrial Science

1



5‘¢ll.,

RALX

Tohoku Unlver3|ty

@# -bl""_..,__"li : . A
IM ey ‘
1995~2000 He
mX

Kyoto University

........


http://www.iae.kyoto-u.ac.jp/chemical/sasaimages/00_misc/clocktower.jpg
http://www.ifs.tohoku.ac.jp/liaison/moscow/gate321.jpg
http://preethshyam.blogs.com/lethargic_whispers/P1010129-thumb.JPG

1984~1993 BT K (%) 20 LI E. O=F5

I\Bn- p L7 AL DORRE
: ' _ HhE(ZfT>TET-=
D: Nb, Ta, (TI, Y, tl/T)U)'UI/ T@b)o
1993~1995 THFai1—tvYIFHKZE (RKRAKH)
Ta, (Al ...)

1995~2000 EHILX (BhF)
BfE@ABF: Ti, Nb, Ta, REMs (La, Pr, Dy, Tb...)
- Mo, Re, Ag, Cu, Ti, REMs (Nd),

2001~ R (B3 - £ EUR)

PIHA - Nb, Ta, PGMs (Pt, Rh)

IR1E: Ti, Sc, V, PGMs (Pt, Rh, Ru, Ir, ...)
Nb, Ta, REMs (Nd, Dy, ...) ;




MR EE R L ELEMNS,
ECIZITHoTH. 205,
FRINRZAT FRILEED
L7 A*2ILIZEET 5

A bk TET-,

KEREDEIL. LT AZILIE.
FEAEFTHINSZEMTEL,
HREIC. =FEIC.F22190
[LT7ARILIDXFEMNE D L.
IELLT., YYYER->TL V=,






¥ THE UNIVERSITY OF TOKYO
FEAEE (FRER-METOERIE, 2001&F~)

5|E5EH ﬂ FR- l/7>"5l)b

11oTL\% B -

[CIRESuat:::!
TLAMLIG500 34 iBEZE
BSEHEE

http://www.jamstec.go.jp/j/abou
t/equipment/ships/img/shinkai6
500_img_01.jpg

AR—R k)L Wikipedia
http://upload.wikimedia.org/wiki

pedia/commons /9/97/KSC-
95EC-0911 cropped.jpg

http://www.oliEl eyiis i 'E();g yo.ac.Jp

ZZICHEAShTULV-E#E
[TZEEHENEDES L. El
BRUNM=LET



http://www.jamstec.go.jp/j/about/equipment/ships/img/shinkai6500_img_01.jpg
http://www.jamstec.go.jp/j/about/equipment/ships/img/shinkai6500_img_01.jpg
http://www.jamstec.go.jp/j/about/equipment/ships/img/shinkai6500_img_01.jpg
http://upload.wikimedia.org/wikipedia/commons/9/97/KSC-95EC-0911_cropped.jpg
http://upload.wikimedia.org/wikipedia/commons/9/97/KSC-95EC-0911_cropped.jpg
http://upload.wikimedia.org/wikipedia/commons/9/97/KSC-95EC-0911_cropped.jpg

[eE] BB 5% =
(RIBRER-#ETOEXIE)
SfTINMEEZERMOSHNERRIRT O XD
FRADOHETAERADEHE
BFMERALT7AZILIIER(ND, Ta)D R &
BEERELGEDEMEL T AZILDEIR

JHAOLEROBE o e Dl Al




EERIRAROMEILE
HiaL=#M# ILF

7

L7 A3 )L DIRFFRAFIE
YA )LE T DB



EEYOBEASDEIZLS '
1) 54 4 )L H i O B R ﬁ;{%
C‘.)

@ EEW + EEW2

Eifitn1 + AHif¥2
(HBUILEEY)

; itute of Industrial Science 9




¥ THE UNIVERSITY OF TOKYO

New production process of
less-common metals

TiO, + 4 e molte_n)s;ti + 2 O%
TiCl, + Mg — Ti + MgCl,
Nb,O: + 5 Mg Witﬁ)uxz Nb + 5 MgO

Sc,0, +Al+6 e — Al-Sc + 3 0%

molten salt
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The Periodic Table of the Elements

IA | uA | mB | wvB | vB | viB | B | Vil B 1B | uB [ mAa | va| va | via | viA | viia
Hydrogen Helium
1H Rare Metals Elements studied at Okabe lab. 2He
1.008 4.003
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
sLi | «Be Rare Metals (Broad category) sB | «C 7N | 8O | oF |wNe
6.941 9.012 10.81 12.01 14.01 16.00 19.00 20.18
Sodium Magnesium Aluminium Silicon Phosphorus Sulfur Chlorine Argon
11 Na [ 2Mg 13Al| 14Si| 5P | S | 7Cl | 1sAr
22.99 24.31 26.98 28.09 30.97 32.07 35.45 39.95
Potassium Calcium Scandium Titanium i Ct i Mar Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
19K |20Ca|21Sc| 2Ti| 3V | 24Cr [2sMn | 2sFe |[22C0 | 2sNi [ 22Cu | 30Zn |31Ga|32Ge |3 As | :2aSe | 55Br | s Kr
39.10 40.08 44.96 47.87 50.94 52.00 54.94 55.85 58.93 58.69 63.54 65.39 69.72 72.61 74.92 78.96 79.90 83.80
Rubidium Strontium Yttrium Zirconium Niobium Molypdnum | Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
37Rb | 38Sr| 3Y | 9Zr |41Nb|42Mo|4Tc |4Ru|4Rh|4Pd|s#Ag|4Cd| 4ln |50Sn |Sb |s2Te | s |sXe
85.47 87.62 88.91 91.22 92.91 95.94 (99) 1011 102.9 106.4 107.9 112.4 114.8 118.7 121.8 127.6 126.9 131.3
Caesium Barium Lutetium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
55Cs [ssBa|7nLu| 2Hf | sTa| W |7sRe|7%Os| 77Ir | sPt | 7sAu|soHg | a1 Tl |s2Pb | s3Bi [ s¢«Po | ssAt | & RN
1329 137.3 175 178.5 180.9 183.8 186.2 190.2 192.2 195.1 197.0 200.6 204.4 207.2 209.0 (210) (210) (222)
Francium i L: ium |Rutherfordiun Dubnium Seaborgium Bohrium Hassium Meitnerium
s7Fr [ssRa | wbr | «Rf | sDb | 1 Sg wBh | wHs | «Mt
(223) (226) (262) (261) (262) (263) (262) (265) (266)
Lanthanum Cerium Praseodymi Neodymi Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium
Lanthanide | s7La |[ssCe | 5sPr | coNd [e1Pm]|e2Sm|e3sEu |e4Gd | esTh [ 66 Dy | 67rHO | ssEr [eo Tm | 70 Yb
138.9 140.1 140.9 144.2 (145) 150.4 152.0 157.3 158.9 162.5 164.9 167.3 168.9 173.0
Actinium Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium | Einsteinium Fermium Mendelevium Nobelium
Actinide ss AC |90 Th | s1Pa| 92U | sNp [94PuU [ss Am|ssCm| 7Bk | s Cf | 99 ES | wFm | «Md | :NO
(227) 232.0 231.0 238.0 (237) (239) (243) (247) (247) (252) (252) (257) (258) (259)
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t&-ﬁ-&':#&j‘éiﬁ& gL\]lE': D10 /{T: U A IN g% THE UNIVERSITY OF TOKYO
ZSNDIE | T=E 75&7 ZENDIE| T=E 25—
1 80 49.5 29| 2Co 4 x103
2| 14sj 25.8 30| 59Sn 4 %103
3| 13Al 7.56 31 30Zn 4 %103
4| 26Fe 4.70 32 30y 3 x103
L7AZITHS 5| =ca 3.39 33| 6ONd 2.2%10%
Mgc&Ti 6| "Na 2.63 34| 4INb 2 x10°3
L &EIL 71 19K 2.40 35| 57La 1.8 %103
8| 12Mg 1.93 36| 82Pb 1.5% 103
21 1 S T T TTTY - CTTE CITTTTTE Lt TOTes
ol iH 0.87
................... 10, ...2Ti | ....046 | 40| "Ta 1 x10°
117 777G 0.19
12| 25Mn 0.09 44| 628m 6 x10+
13| 15P 0.08
14| sC 0.08 65| 80Hg 2 x40+
15| 168 0.03
OE ARV TH D 16 N 0.03 69 4TAg 1 x105
Cu, Zn, Pb 21| 2y 0.02 71| wpa | 1 x10
(iﬁiﬁ'i s s .... ‘IIIIII.!.IlIlI!.I.llllllllll.l..lllll.‘
DIELY 24| 28Nj 0.01 o 74|  78pt 5 x107 =
25| 29Cy 0.01 - 75| T™Au 5 x107 =
’IIIIIIII E B EEEEEER E B EEEEEER
*T. Kudo et al.: Greermivieterre=Fect \.Jluuy (2062 — T — r — @
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ERHOIVEERLELTEESNIERDEEE

&R tHFEEE BERHEEE - @EE @R HATGEHRE UBAOILE

(t/ y-world) (t/y) (yen / t)* (106 yen / y- (%) *
________________________________________________ world)*
Fe 800,000,000 100,000,000 35,000 28,000,000 38
23,006,000 4,000,000 190,000 4,400,000 95

o E R R O RMTRID

Ag 24,000 4,000 17,000,000 500,000 12

Au 100 360 1,100,000,000 © 4,500,000 23
TPt 150 - 44 1,700,000,000 : 260,000 10
: Rh 2% : 5 ’21'666'666'666" 100,000 17

TRAEE2ESELY xszp

*T. Kudo et al.: Green Material Technology (2002). 56
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F10EM L
HEINTLS,
40 | | | | |
90| ) V1 7 ) = ~ g@;gf x100
o BB DEEE: -
oL 91 30fE k> (HH5R)
¥ 12. 5{Eh2 (BF)
10940 1950 1960 1970 1980 1990 2000
&
57 |

GY)—=oTITILTY/00— Tk #—. HRELEH wE, B, /R (2002) .
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HAFA £ES (Bh)
EETRO B BA 1F ~ 1750 0.25
EEEOER 01 1800 0.1

1801 ~1850 1

@ 1851 ~1900 9

1901 ~1950 40
HMDEEE 1951 ~1960 27
EFATEL 4961 ~1970 46
WG 1971 ~1980 64
FRI10MEr 1981 ~1990 72
D 1991 ~2000 75

HEINTVD a3 SHORELES #9330

GY)—=oTITILTY/00— Tk #—. HRELEH wE, B, /R (2002) . 58
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B €& (Precious metals) . €+ 8+ BE€KkEE€E

1

H 2 13 14 1

3 |[ 4 5 || 6 |/

Li |[Be B|lc/fn]|oO|F
11 12 13 4 15 || 14

MNa | Mg | 3 4 5 i] 7 g 9 10 11 12 | Al /] Si P 5 Gl
18 | 20 | 21 22 || 23 24 | 25 || 26 27 || 28 || 2% a0 ;r( 3z 33 || 34 || 35
K Ca |Sc || Ti v Cr|{Mn || Fe ||Co || Ni ||Cu ]| Zn |/Ga || Ge || As || Se Br
37 | 38 35 || 40 || H 4z || 43 || 44 45 || 48 || 47 4 40 || B0 | B 52 || 53
Rb | 5r A Zr | Mb || Mo || Tc || Ru || Rh || Pd || Az d|| In || 5n || Sb || Te I
55 | BG il 72| 73 A T || 76 T e || ve [l = az a3 || 84 || 85
Cs | Ba Hf || Ta w Re || Os Ir Pt Au Tl Pb Bi Po At
87 | 88 0 104 ||105 ([ 108 || 107 |[108 || 108 || 110|111

Fr Ra Rf Db || Sg || Bh || Hs Mt || Ds Rg

FAEAR | (D1F T 47 (Wikipedia): 7U)—&
HMEHR)KYSIA
http://ja.wikipedia.org/wiki/%E5%91%A8%E6%
9C%9F %E8%A1%A8

i Institute of Industrial Science
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BRIERAL 7 ARILDEIR., g, VS A4
€

Component of Automotive Catalyst
. i =ZPE mrom

—-_—-—-—-—_'
- s e e an —

< @Azf“is ,E/ Jtift“. @;ﬂk |
| 0.97 099  1.0L 103 105
ZeRIL(A)
2C0O0+0,—2CO; 'Pt, Rh, Pd are essential

(HC] + O,—- CO,+ H,0 .

2CO +2NO — 2CO, +N, for aﬂgtomotl_ve catalyst

[HCJ + NO — CO;+ H,0 + N;  BARGEIRmAES. (1065 o205, 264
/Platinum Metals Review, 1981, 25, (1) 62
18, ©Johnson Mtthey
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AEADY i SELTHEENEELTINS,

Elﬁ F g ELIZPtD Mg (X,

£ Au 17601/ woemictL<
HEWIZBLY

"S5y L Pd 900 /g

R Ag 30M/g

£ Cu 520M/kg Pt {4 (&

FILE=) L Al 280M/kg 28R 60,0004 !

dh £ Zn 220M/kg

1) Pb 160H/kg 2005. 11

b Fe 60~80M/kg AAEFHELY
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BN KRECEEITEIDEL T AFIL DY
2000M. g 3000M. g >6000/9 g

FEAE month (20021 1/01~200R/06/01)

1 O TS

I S S S R AR oo

17, 500

4, 50

tfz, Do

) )

" 5008 (200843 BT FH-1-#%.
:ﬂaiiﬁ‘j:\ 3000 Fq ﬁ ‘:;%\%Lf:o

E{R (LR EHHPL Y5 A

htto://'www okachi co in/market/commoditv/domestic/olatinum/index htmi

A, 500
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(a) Supply source of Rh

Others:

0.6 t (2%)
North
America:
0.6t (2%)

Russia:
2.9t (9%)

21.5t (70%)

(b) Demand of Rh (application)

Electrical: 0.3 t (1%)

Chemical:
1.5t (5%)

Glass:
1.9 t (6%)

27 t (86%)

Ao L(Rh)IE, TS5SFFHDE
FHI30~40rFBELME

LA

South Africa:

Autocatalyst b):

Recovery

(Autocatalyst):

5.3t (17%)

Other:
0.7 t (2%)

(c) Production amount of Rh

50
fre)
= 40 Rh
=
c
S 30
)
/
o
= 20 /\ —
T E——
o
-
o
= 10 recovery
(14 I
0 peeeeeaaee== 1 I I I I
N~ 0] (o] o ~— N [a2] < [To] O
(2] (2] (2] o o o o o o o
3 = § 8 8 8 B & §
(d) Price of Rh
30000
25000 /'\J
' 20000
é
& 15000
8
8
£ 10000 _/
5000 W\W

F‘C%?fﬂ.\bo
EX (TR RTHA=H. 1gBBAABLTHS

a) Data for#he year 2006 (reported value)

b) Data including recovery

reference:

Johnson Matthey Plc. : Platinum 2007 (2007)
& &, P E EF: ‘fE’, Vol.50, pp.350-357

Fig. Current status of rhodium (Rh).

2003 |
2004

2005

2006
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Transition and prediction of Pt demand

-~ 450 :
‘«'g,:gg REDPEER (L, 20000 HF
5 ool
; z:g hhd\-t'h- jd=éjhaf'Pt'j:
S .00 1T H. 4000k
g 150} §
S 100} ......-..-"’.. i
;’3 50 | , el

0 L L 1 1 L
1900 1920 1940 1960 1980 2000 2020
Fig. Transition and prediction of world demand of platinum from 1900 to 2030.

The demand for Pt is increasing because of tightening environmental regulations.
The development of fuel cells may also increase the Pt demand.

*Johnson Matthey PLc: Platinum 2004 (2004). 70
**U.S. Bureau of Mines: Minerals yearbook. etc...




BEEREDEES LR (2004)

R4 E S (tlyear) & (¥/g)

Ag 18,700 33
Y L N 380 1,900 ...
: Pt 202 3685 : (L. = [C
H Pd 237 760 . _
£ R 23 10508 : 1 LIS
& Ru 16 17 ¢ A EELTNS
E I 3 690 : s
.Os._. .NoData __ NoData : TODAZLY!
20,000 T )
1 EFEEROPTHLEEKRERD
oovo | | DL
o -

Ag
Fig. Production of precious metals in the world.

Au Pt Pd Rh Ru Ir

*Johnson Matthey PLc: Platinum 2004 (2004).

**Gold Fields Mineral Services Ltd.: Gold Survey 2005 (2005).
***U.S. Bureau of Mines: Minerals yearbook (2003).
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Precious metals

- - r
Chemical industry Catalysts (Pt, Pd, Rh, etc.)
(Pt, Pd, Ru, Au, etc.) » Automotive exhaust catalyst
* Textile industry
* Petroche
http://www.nippon-nz.com/japanese/jigyo/pdct_220.html
* Thermocouples
i e B R Y
\ http://www.ne-chemcat.co.jp/kagaku/noblemetal/index.html y

Dental alloys (Au, Pt, Pd, etc.)

http://www.ishifuku.co.jp/Products/Industrial/intro7.htm

* Infusible electrodes

i, T
http://www.tokuriki-kanda.co.jp/shika/index.html

Jewelry (Au, Pt, Ag, Rh, etc.)

~
dm,f"'
oy e
cansaer =

http://www.ishifuku.co.jp/Products/Industrial/intro7.htm

Semiconductors, electronic
components (Au, Ag, Pd, Ru, etc.)

http://iwww.kkmisuzu.co.jp/

http://www.users-side.co.jp/catalog/

Laboratory instruments
(Pt, Ir, Au, etc.)

ey
SFeecl
S Ly

http://www.inter-g7.or.jp/tanaka/products/products.html

Assets, investments (Au, Pt, etc.)

ZEERED
#E L. HIBRL
-LET

http://www.mki.co.jp/mitsuiPR/memberlist
/kinzoku/kinzoku3.htm

http://www.tanaka.co.jp/eagle
/eagle02.html

e,
T
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— AHT=YDPE
AO(20034) PtHE(20034) PtHZ/A
H5E | 63 1005 A 202.7k> 0.03g/ A%
=EN 1{82614 5 A 41.0k> 0.33g/ A\ -4

?%mo%

EHSREBR

50 / )
45 L = /.\\. 'n\ y
~ 35 EI:IIEI | /
* ANV - //
& 25 ~— BAE __ -
Iﬂ\M 20 e — Ei4t: Brh B BUTY— Rt
}E:l.E 15 / *E ] E 17~ - 3 _ =
ol RO TS
A — zott Pt SLE 39

1995 1996 1997 1998 1999 2000 2001 2002 2003

ALV RAX—) =1+ 5

*http://www.stat.go.jp/data/jinsui/
**http://www.stat.go.jp/data/sekai/02.htm 81
***Virtual Metals
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T5FF

= fifi i
28%

12%

96%
B2-13 T5FF . NIV LEAZEZICHOLEENA S LI (2003FEHF)

TR T = ==arreierr i 7S
RFEXE BRI Y—T BR-BHE IMMERR AT, 82
FRICFEMNMAMENABEHRERFTHRIBFRAE I AEARRES, p.123.



HREBAROPGMEELE

B -Iﬁﬁ Net producer
Chemicals: Electricals: 11t hedging: 310 t (7%)
10t (5%) (5%)
Jewelry:
761(37%) Jewelry:
2,533 1 (61%)
Autocatalysts:
99t (49%) Electricals:
238t (6%)
— BX
Chemicals: Electricals: 2 t Other
1t (2%) (4%) Dental alloy: Jewelry:
22t (14%) 34 t(21%)
Jewelry:
211 (46%)
Electricals: —HR—
18 tN39%) 100t (61%)

BERANDRZROENGXHFLERGD

*Johnson Matthey PLc: Platinum 2004 (2004).
**Gold Fields Mineral Services Ltd.: Gold Survey 2004 (2004).
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BEEMNEURESN D EAED L EHEI60% (HER)
— BARDREAERRE(L70% (HEEE)

OR TR TOPGMEEIEMNO0N LT HE.

PGM®D)YA49)LE(I55% (tHF :60%x90%)
63% (AA:70%x90%)
EHEESND,

XU A9 L RETEMET0O B BESH RMENE I EhhTS5FF
IZRIL . ARSI (< B BB AV R A D BEMIE A S BIRE W =T 5F B D
HERELTES

BENEDOREDMAFR: 1345
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Pt associated with automotive catalysts

—BED(HNMTD))HAILEIZEND, ChiE
BEDFELLEENBRITERLTWSEHTHS,

100

80

T

Pt used for automotive catalysts
60 -

40
.0 L Ptrecovered from automotive catalysts

Mass of Pt/ ton

O ] ] ] ] ] ] ] ]
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Year

Fig. The demand for Pt for automotive catalysts and the amount of
recovered Pt from automotive catalyst scrap in Japan from
1994 to 2003.
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Transition and prediction of Pt demand
450

4000 EEEHES R ADAIEDEEA
30 KL 18

300¢ Pt@fi)ﬂ ll..\;%klh 7]'] LT:
250!
2000 {RICAHEMAETERTHE
150, SH[ZFEEFEKTS

100t

50 | o

World demand, w / ton-year-

0 L L 1 L
1900 1920 1940 1960 1980 2000 2020
Fig. Transition and prediction of world demand of platinum from 1900 to 2030.

The demand for Pt is increasing because of tightening environmental regulations.
The development of fuel cells may also increase the Pt demand.

*Johnson Matthey PLc: Platinum 2004 (2004). 86
**U.S. Bureau of Mines: Minerals yearbook. etc...
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Supply

Other

Recovery from Recovery from
autocatalyst autocatalyst
20t (10 %) 4t (17 %)

South Africa
376t (9 %)

Recovery from
Scrap 943t

(23 %)

North Other America
America North Official 285t (7 %)
9t America sector Australia
(5 %) 1t (4 %) : 606 t 284t (7 %
Russia Pt 4R‘t‘s(s1'$ %) Rh 1,648t (40%) Au
33t (17 %) 214 t 26 t 4,142 t

Fig. Supply and demand of precious metals in the world (2003). 89
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Mineral resources in South Africa
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*Courtesy of Dr. Johan Nell, Mintek, South Africa
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Lonmin Platinum
A Geological Overview of Marikana Operations
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2006 Monthly Production Figures

Tons mined:
*Tons mined : Merensky -317 000
: UG2 - 870 000

Head Grade:
‘Merensky - 3.60 g/t
‘UG2 - 513 g/t

*Kilograms produced - 5 500 kg
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PGMMNEEINS

Courtesy of Mr. Tony Vermaak:

070129_PGM_Mine_Trip_South_Africa.ppt Manager Geology at Lonmin Platinum Marikana Operé&tions
Toru H. Okabe 2007/1/5-14 Trip to Johannesburg, South Africa January 2007
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UG2 Chromitite
PGM Distribution
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Characteristic distribution of Platinum Group Metals (PGM's)

Ni and Cu in the middle and base of the reef
Courtesy of Mr. Tony Vermaak:
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Toru H. Okabe 2007/1/5-14 Trip to Johannesburg, South Africa January, 2007
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Mining the Merensky Reef, Western Bushveld
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Merensky Reef

» Grade:

— PGM: 3-9 grams / ton (low grade along Eastern limb)
— Copper: 0.1%

— Nickel : 0.2%
— Base metals usually as sulphides — some ‘oxide’ nickel
UG-2 m72Uhb
> Chromitite layer (¥8) B mfIPGMEL A
> Grade: THLPGMEEFE(Z
— PGM: 3-8 grams / ton SppmIBETHS
— Low copper and nickel
SRR 1M1
INFUOE
1DNDPGME R

*Courtesy of Dr. Johan Nell, Mintek, South Africa 133
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Modikwa Platinum Mine The concentrator plant at Amandelbult Section

UG2 concentrator, Rustenburg Section Bafokeng-Rasimone Platinum Mine
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Parameter Mining Comminution & Smelting & Base Metal Precious Metal Total
Floatation Converting Refining Refining

P t of

Tofal Cost  65-75 9-12 6 7 4-5 100

Gony 56 100-600  640-6000  30-65%  >99.8% N/A

PGE

recovery (%) N/A 80-90 95-98 >99 98-99 75-85

Grade Ration

Increase N/A 30-80 20 75 2 200,000

Processing N

Time (days) N/A 2 7 14 - 30-130 : up to 170

°
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