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Experimental Study on Comprehensive Recovery and Beneficiation of a Platinum Group
Polymetallic Ore in South Africa
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Abstract: The main metals contents in a platinum group polymetallic ore in South Africa are
Pt 1.923 g/t, Pd 0.986 g/t, Au0.276 g/t, Rh0.113g/t, Ru 0.316 g/t, Ir 0. 047 g/t, Cu 0.071% and
Ni 0.180%. The content of Cr,O; is only 0.58%, and the contents of main gangue components SiO,,
MgO, Al, O, and CaO are 52.59%, 22.4%, 5.06% and 4.27% respectively. The total sulfide content in
the ore is 0. 94 %, presenting mainly in pyrrhotite, nickelpyrite, chalcopyrite, followed by pyrite, trace
chalcocite, sphalerite, and so on. The total amount of silicate minerals is 97.91%, mainly bronze-
pyroxene, followed by secondary diopside, a small amount of plagioclase, plagiozoisite, quadrigalite,
phlogopite, chlorite, and so on. Platinum group metals are mainly found in sulfide platinite, arsenic
platinite, natural platinum, sulfide nickel palladium platinite, natural gold, silver gold and other
minerals, while copper and nickel metals are mainly found in chalcopyrite and nickel pyrite. Under the
condition of grinding fineness of — 74 pm accounting for 55% . the liberation degree of PPD rhodium
minerals is 96. 6%, the proportion of exposed gold and sulfide wrapped gold are 69.21% and 20.67%
respectively. In order to comprehensively recover the platinum group metals and valuable elements such as

copper and nickel, beneficiation experiments were carried out. The results showed that under the process of
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“one roughing, two scavengings and three cleanings”, with sodium carbonate, CMC and copper sulfate as
regulators, amyl xanthoxanthate as collector, and terpineol oil as frother, the concentrate obtained
contained Pt 57.562 g/t, Pd 34.836 g/t, Au5.201 g/t, Rh 3.266 g/t, Cu 2.270% and Ni 3.830%. The
metal recoveries were Pt 90.57%, Pb 93.80%, Au 51.63%, Rh 88.13%, Cu 87.03% and Ni 63.16%.
The main impurities in the concentrate were SiO, 42. 28% , MgO 19.82%, Al O, 1.68%, CaO 1.89% and
Fe 18.79% respectively. This study can provide technical reference for the exploitation and utilization of
similar mineral resources.
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XPA A FEAT T 3 A o B o B A R
WH 1, mR 1A H,. 5 4% & Pt 1.923 g/t
Pd 0.986 g/t. Au 0.276 g/t. Rh 0.113 g/t,
Ru 0.316 g/t, Ir 0.047 g/t, B & Cu 0.071%,
Ni 0.180% . & Cr,Os fX 0.58% ., FFE L SiO, .
MgO.ALO, Fl CaO & 435K 52.59% .22.4% .
5.06% 1 4.27%.,
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Table 1 Results of main chemical composition analysis of the ore /%
5 Pt Pd~ Au” Rh* 1E” Ru* Ir* Ag” Cu Ni
b 1.923 0. 986 0.276 0.113 3.298 0.316 0. 047 <0.2 0.071 0.18
i S SiO, Fe Al; Oy MgO CaO Naz; O K, O Cr; O3 —
B 0.35 52.59 9. 43 5.06 22. 4 4. 27 0.58 0.1 0.58 —

T o= B g/t R
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Table 2 Mineral composition and relative content of the ore /%
UREA N ok UR/EXN o W) 24 B o
T Bk 0. 40 /R 0.71 PR 1.01
B 0.29 Mz A 0.04 (53 al 0.71
LR 0.05 Vg % 0.02 18 0. 69
BT 0. 20 ERha 77.52 Mz HE 0.05
NS <<0.01 W WA 10. 87 R 0.03
IN B <0. 01 A 2. 84 fif KA 0.03
e <0.01 B 2.22 Kxaval 0.02
Wk w 0.05 A 1.94 AR KA 0. 04
(R 0.27 AR EREOET L B AR BB AN AR A R e <0. 01
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Table 3 Results of gold chemical phase analysis of the ore /%
4 AR 51 iR E BRER R B AL Y AL il FR A B A £ 4 43 Hil
ER 0.19 0.02 0. 058 0. 007 0. 28
A % 69. 21 7.77 20. 67 2. 36 100. 0
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TEW AT MR — 74 pm 5 55% &0,
HEAT T8 A0 O BT 5 0 5 1 0 4 BT L o BT SR DL
F 4.5, MR ATTLUE A4 A SR Yo i A

P EAE—25 pm WA —E R E . BR S ATl
B AR R A R ) B A S S B R B AR A
Gl 96. 600 F1 0. 8400, B AEMAAL L 1,070, K
i B ) TS a AL R
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Table 4 Particle size composition and metal distribution of the ore /%

$45/mm - DA %@ 43 i
Pt Pd* Au Rh* Pt~ Pd* Au” Rh~
—+0.15 12.31 0. 486 0. 141 0.208 0.011 3.29 1.87 9.56 1. 68
—0.15+0.10  14.67 0.473 0.145 0.186 0.013 3.81 2.29 10.18 2.37
—0.10+0.074 18.73 0. 757 0.510 0. 243 0.036 7.79 10. 27 16. 99 8.37
—0.074+0.045 23.25 1.617 0. 869 0.210 0. 090 20. 67 21.73 18.22 25.97
—0.04540.038  5.63 2.286 1. 400 0. 260 0.121 7.08 8. 48 5. 47 8. 46
—0.03840.025  5.30 2.819 1. 669 0. 260 0.129 8. 22 9.52 5.15 8. 49
—0.025 20. 10 4. 446 2.120 0. 459 0.179 49. 14 45. 84 34. 44 44. 66
it 100. 0 1. 819 0. 930 0. 268 0. 081 100. 0 100. 0 100. 0 100. 0
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Table 5 Particle size and liberation degree of platinum,palladium and rhodium minerals in the ore /%
Ak BLBE/ pm
i 15 1 L it
5wy Hhka 0~10 10~20 20~38 38~75 75~150 150~200

=100 96. 60 — — 0. 96 11.72 41.41 33.47 7.38 1. 66
80<Lr<C100 0. 84 0.57 0.27 0. 00 0.02 0.38 0.38 0.06 0. 00
50 <80 1. 49 1.12 0.37 0. 00 0.10 0. 66 0.55 0.18 0. 00
<50 1.07 0. 62 0. 45 0. 26 0.43 0. 31 0. 07 0. 00 0. 00
it 100. 0 2.31 1.09 1.22 12.27 42.76 34. 47 7.62 1. 66
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indexes of platinum group metals and Cu-Ni
2.2 FENRE
2.2.1  BRERENA A

i TR M 2 — ol B L A B 9 R R, T AR E pH
(B S BB 5 Tk 12 0 Ak 25 HE Ok 1) B T AR AT LY BR 7
PR B B S T O TR R R P Y e R s R TR N i
A& BUF B 43 BN  BE BT 147 3R rb A ARz BURL 119 BE 5K
PEETEIE R SR, BRI AN R 25 R WK 2.
HI P 2 AT LU M S U8 00 0 R B O T o 5 A X 5
IC B R IER T & AN 0 ¥R E 500 g/t AF B i L &

Effects of grinding fineness on the separation

30

Hpt Bpd OAu ORh

251
20F
; 154
2
og
0 " | ®

1()() 300 500
BREREN A (g - !

f

W

100
ool WPt Bpd OAu ORh

80
70
60

50

[T /%

40

30

20

10

0 100 300 500
IR i (g - 1

B2 BEBRMWAEXNHERERERE anah'E’J A

Fig. 2 Effects of sodium carbonate dosage on

platinum group metals sorting indexes
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Fig. 6 Flowsheet of the flotation locked-cycle tests
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Table 6 Results of the flotation locked-cycle tests /%
e g it L ] i 2
AR P Pd- Au®  Rh* Cu Ni Pt Pd Au Rh Cu Ni
W 2.87  57.562 34.836 5.201  3.266  2.270  3.830  90.57  93.80  51.63  88.13  87.03  63.16
B4 97.13  0.177  0.068  0.144  0.013  0.010  0.066  9.43 6.20  48.37  11.87  12.97  36.84
5t 100.0  1.824  1.066  0.289  0.106  0.075  0.174  100.0  100.0  100.0  100.0  100.0  100.0
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B, ZEBy P EEESRBIOTRE NS AN
Pt 57.562 g/t.Pd 34.836 g/t. Au 5.201 g/t.Rh

3.266 g/t.Cu 2.270% .Ni 3. 830% , % & Ru 7. 093 g/t
Ml Ir 1.100 g/t, & B 44 AL 4> A Si0, 42.28% .
MgO 19.82%. ALO, 1.68%. CaO 1.89%
Fe 18.79%,
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Table 7 Results of chemical multi-element analysis of the flotation concentrate /%
Hoy Pt* Pd* Au* Rh* Ru* Ir* Cu Ni
G 57.562 34. 836 5. 201 3. 266 7.093 1.100 2.270 3. 830
Hor S Fe SiOz Al; O MgO CaO Crz O3 —
o 8.09 18.79 42. 28 1.68 19. 82 1.89 0.28 —
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