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Determination of the Platinum Group Elements in Black Shale by Inductively
Coupled Plasma-Mass Spectrometry with Nickel Sulphide Fire-assay

ZHAO Su-li, ZHANG Xin, WEN Hong-li, LI Chao, QU Wen-jun
(National Research Center for Geoanalysis, Beijing 100037, China)

Abstract; According to the characteristics of black shale with high abundants in C, S, Ni, Fe and Mo, the conventional
reagent formula does not provide an ideal nickel sulphide button, which affects the accuracy of PGEs values. The
improved reagent formula and optimized procedure of nickel sulphide fire assay have been developed for the
determination of PGEs in black shale samples by Inductively Coupled Plasma-Mass Spectrometry ( ICP-MS). The
addition of Potassium nitrate as an oxidant of the fusion flux increases the recovery of PGEs by about 10%. After
digestion by HCI, there was still a great amount of precipitations on the bottom of the beaker. This problem was resolved
by adding a moderate amount of ferric chloride (about 2 —3 ml.) with a hot solution and stirring. The detection limits of
the method for PGEs are 0. 054 ng/g for Ru, 0.040 ng/g for Rh, 0.40 ng/g for Pd, 0.032 ng/g for Ir, 0.27 ng/g for
Pt and 0. 026 ng/g for Os. The research results of different black shale samples are in good agreement with the reference
values, showing that the method is reliable for determining the PGEs in black shale samples.
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Table 1  Composition of major elements in black shale samples
wg/ % wy/ %
Hibiy ik
BY-1 BY-2 BY-3 BY-1 BY-2 BY-3
Si0, 29.01 25.50 40.33 S 13.32 17.02 5.91

ALO; 5.92 3.56 7.73 C 9.41 7.07 9.99
CaO 7.52 8.28 7.04 Fe 8.61 9.63 4.81
MgO  2.08 0.66 3.28 Ni 2.16 1.87 0.23
K,0  1.49 1.05 2.28 Mo 3.90 5.92 0.62

Na,O 0.44 0.12 0.11 Cu 0.16  0.058 0.024
TiO,  0.30 0.18 0.36 Zn 0.25 0.13 0.060
MnO 0.041 0.027 0.028 Ba 0.14  0.076  0.19

P,0s5  3.81 3.30 2.59 v 0.043 0.34 0.15

262 HUBRS A TGRS
Table 2 Instrument parameters of TJA-PQ-ExCell ICP-MS

TAESH BE(H TAESH WREH
ICP % 1350 W Bhge 3 5/
BHSR G 13.0 L/min 5= B2 B[R] 10 ms/
A B S 0.7 L/min L 100 %
FAL R 1.0 L/min 02k i) 60 s
FAEHEFLR 1.0 mm
RIS 0.7 mm

2.2 bR 2L

PGEs FEHEW) Aot sl

BRI 2 B 7)™ Os 42 I8 3 ph 28 E AR IS [ %
gy E AL, Hi145 R 1 mol/L NaOH A Jit AR EVA R

> (Na,B,0, - 10H,0) : 534k, 100°C HERE 7K
#H.

SnCl, « 2H,0 ;43 #r 4k, #4538 1 mol/L SnCl, A&
(6 mol/L HCl 4} J51) , il 48 J5 — > H N .

Na,TeO, - 2H,0: 53#Hr4li, Hil & 1 /L 1) Te W
(3 mol/L HCl 4} J5i)

FeCl, : 73 #2145 1L 500 g/ L (7K

Na,CO, ,Si0, \KNO, JiIEEI4 A b ol
2.3 FEMLHITE

FREL 10.00 g #f & T35S = M b 4 & B )y
BIMAGREIEF, 7T 5358 SR 515 55 A Zh LR b i
R, 701K 4 PRk Hp 07 o B A 2 ™ Os ]
PR, BO S, A e YR R w5 — 2 s
F A CTHEZE 1100°C A9 gk ki ksl 1 he BUH I
$y WA R AR (3 AT SE A S R A AR ) U
KRR, B AJGERR, 15 1 ZRIE ML, A 60 ~80 mL i HCI Jin
PRI B IE . BIAEA W
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Table 3 Analytical results of PGEs obtained for different potassium

nitrate addition wy/(ng - g™ ")
KNO; Jin A
JCH 2% E
0g 2g 4g Sg Tg

Ru 4.59 4.98 4.83 5.10 5.54 5.4

Rh 9.06 8.09 10.8 11.9 11.9 11.5
Pd 225 272 268 272 276 271

Ir 2.14 1.83 2.00 2.33 2.01 2.8

Pt 193 257 293 276 297 265

Os 88.2 83.1 87.0 92.0 89.1 98.2
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Table 4 Detection limits of the method

B wy/(ng - g™") J5 A PR
JLHE - : .
AU A T Lp/(ng-g™)
0.021 0.024 0.023 0.041
Ru 0.031 0.054

0.034 0.034 0.036 0.038

0.007 0.015 0.009 0.006
Rh 0.015 0.040
0.020 0.013 0.031 0.021

0.125 0.127 0.112 0.119
Pd 0.188 0.40
0.260 0.259 0.250 0.250

0.005 0.009 0.009 0.007
Ir 0.012 0.032
0.010 0.027 0.012 0.016

0.064 0.073 0.076 0.074
Pt 0.118 0.27
0.160 0.184 0.150 0.160

0.017 0.021 0.019 0.012
Os 0.016 0.026
0.015 0.011 0.016 0.018
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Table 5  Analytical results of PGEs obtained for different black
shale samples
] wy/(ng+g™")
HH
Ru Rh Pd Ir Pt Os
FEF BY —1(n=11)
SEY{E 5.10 11.9 272 2.33 276 92.0
RSD/% 14.9 6.71 4.07 5.50 5.14 5.63
E =R 5.4 11.5 271 2.8 265 98.2
RE/%* -5.56 3.48 0.37 -16.8 4.15 -6.31
oL 2.51 285 94.2
RE%" -7.17 -3.16 -2.34
e BY =2(n=4)
SEX{E 5.55 11.7 281 2.11 260 122
RSD/% 17.8 8.91 2.60 9.79 2.29 4.45
B 1.98 256 134
RE/%" 6.57 1.56 -8.95
i BY =3(n=4)
FHfE 1.20 1.74 59.2 0.34 38.9 16.4
RSD/ % 5.05 9.06 2.41 7.35 2.67 8.20
L 0.37 4.5 19.4
RE/%" -8.11 -6.27 -15.5
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