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Development of reference materials for composition analysis of precious metals in black shale
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Abstract: Black rock series are important carriers of various useful elements, and some have abnormally
enriched precious metal elements, even with a content exceeding that in some basic and ultrabasic rocks. At
present, there are no reference materials available both domestically and internationally for composition
analysis of noble metals in black shale. Two such reference materials (HSYY-G1 and HSY'Y-H2) have been
developed in our work with candidate samples taken from Zunyi, Guizhou and Zhuangjiayu, Hunan.
Randomly selected samples were used for uniformity and stability tests and the measured values of F were
all less than 1.65 for Fo.05(29, 60), with relative standard deviations of less than 10%, indicating good sample
uniformity. During the stability assessment period, no statistically significant differences were found,
suggesting good sample stability. An inductively coupled plasma mass spectrometry (ICP-MS), atomic
absorption spectrometry (AAS), ultraviolet visible spectrophotometry (COL) and other relatively targeted
value determination methods were adopted in several collaborative laboratories to ensure the accuracy of
the determination of precious metals in black shale. This batch of standard materials will be very useful in
actual analysis of precious metals in black shale.
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Tab.1 Grain size distribution of the samples

FERSRS <745um 745~502pum  50.2~2 pm <2 pm
HSYY-G1 99% 2% 79% 18%
HSYY-H2 99% 10% 81% 8%
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Tab.2 Test results for the candidate uniformity

FE s > it I H Ag* Au Pt Pd Rh Ir Ru 0Os
FH{E/107 45.16 272 285 286 12.3 2.6 5.29 83.5

HSYY-G1 RSD/% 3.0 4.18 4.02 4.0 4.14 8.67 6.42 6.2
Fown 1.62 1.62 1.59 1.61 1.61 1.54 1.44 1.6

FH{E/107 12.1 342 532 538 19.7 3.1 8.05 139

HSYY-H2 RSD/% 322 4.97 25 2.53 5.09 8.2 5.25 5.02
Fam 1.59 1.41 1.59 1.61 1.63 1.64 1.62 1.53
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Tab.3 Short-term stability test results of the candidates
FE i 5 A WiH Ag’ Au Pt Pd Rh Ir Ru Os
FHI1E/107° 453 278 284 284 12.3 2.43 5.56 85.2
. RSD/% 0.727 1.05 125 116 1.03 3.07 1.1 0.846
60~C b -0.0406  0.295 0478 0.377  -0.0101 0.0114 -0.0014  0.0951
HEYY-GL t0.05%s(b1) 0.124 1.26 1.2 132 0.0596 0.019 0.0322 0.25
THI{E/10° 45 275 284 283 12.4 2.44 5.54 84.7
. RSD/% 0.517 196  1.17 1.2 0.801 3.35 1.2 1.28
207C b -0.00882 0.855 0.4 0438  0.0148 0.0119 0.00192  0.0712
10.05 X s(b1) 0.121 1.19 127 125  0.0276 0.0235 0.0347  0.529
THI{E/10° 12.2 352 542 543 19.6 3.18 8 144
. RSD/% 1.273 0751 059  0.912 1.1 4.55 1.17 1.58
60~C b 0.0237  0.196 0359 -0.781  0.0206 0.0235  -0.00774  0.361
HEYY-ID t0.0s X s(b1) 0.0396 127 129 113 0.0947 0.0278 0.0428 0.5
FH{E/107 12.1 345 534 532 18.7 3.1 7.68 140
. RSD/% 0.627 134 0521 0731  0.706 1.71 1.28 1.02
207C b -0.00751 -0.714 -0.427 0.634 0.00808 -0.00068  0.0124  0.149
t0.0s X s(b1) 0.0329 1.14  0.699 0.734  0.0656 0.028 0.0358  0.603
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Tab.4 Long-term stability test results of the candidates

Gt IR RELE, F PRI AT B 5 1 A T
MR 4 FHanrsn, 2 AMEEDIN) F owed KT ER
I FHE Foos(vi, v2)=2.87 Z3K, RSD /M T 10%.
ULEEE S, RO TUE S a 8 o & 2kl 45
RIORFFARE, ARRARIEY KRR E M R .

FE g5 JCER Ag’ Au Pt Pd Rh Ir Ru Os
FH{E/107 45.06 277 284 283 12.25 2.39 5.28 83.2

RSD/% 2.69 431 3.39 3.89 5.89 7.24 9.41 5.8

HSYY-G1 Fyei 2.64 2.52 2.82 2.83 2.13 2.44 2.38 271
Fo.01(v1,v2) 443 443 4.43 4.43 4.43 443 443 443

Fo.0s(v1,v2) 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87

FHI1E/107° 12.02 350 535 536 18.5 3.12 8.15 143

RSD/% 4.84 3.86 4.56 4.39 6.84 8.58 7.14 5.88

HSYY-H2 Focute 1.64 2.28 1.4 1.55 2.83 2.04 1.77 1.99
Foor (Vi,v2) 443 443 4.43 4.43 4.43 443 443 443

Fo.os (V1,v2) 2.87 2.87 2.87 2.87 2.87 2.87 2.87 2.87
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Tab.5 Composition and analysis method for the samples

s
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AR YATHEDD 72 (B T 43 R FH G TS
AW ARES; W 7 SO B A 55 T
E(ICP-MS) J5 IR/ 6B FEE(AAS) B4 AT I
IFFEIEEVE(COL)EE, 73 BTk I e (B 1%, # 2 i
28 JLIAS I 7 VAT, R 77Nk 5 B sl

VIVEN iy (ESNCE VIRt 3TN TR

Ag FAro, FAx, DAF, DMAF, DAC AAS, ICP-MS, ICP-AES
Au FAro, FAx, DAF, DAC AAS, ICP-MS

Pt FAro, FAx, FAs, DAC AAS, ICP-MS, IDMS, COL
Pd FAro, FAx, FAs, DAC AAS, ICP-MS, IDMS, COL
Rh FU, FAx, FAs, DAC ICP-MS, IDMS, POL

Ir FU, FAx, FAs, DAC ICP-MS, IDMS, POL
Ru FU, FAx, FAs, DAC ICP-MS, IDMS, POL
Os FU, FAx, FAs, DAC ICP-MS, IDMS, POL

* MRS ERETTEE: FAn-#1RE, FA-HIRE, FACRIKE, DAF-&ZURIRMEAK, DMAF-REMRF, DAC-% MR, FU-BRE.
e T R AAS-KJAIE TR, ICP-MS-FUBHE & 468 T 5%, ICP-AES-FUEHE & 55 B T 6%, IDMS-RIM ZMFER %, COL-41

JGHEYE, POL-/REMR %, COL-MEALHL (k.
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Tab.6 Uncertainty estimation of precious precious metals (k=2) /107
[ERE TR Gt I H Ag* Au Pt Pd Rh Ir Ru Os
Uchar 0.615 5.89 5.91 5.84 0.315 0.0836 0.237 251
s 0.402 4.09 4.14 4.3 0.194 0.0763 0.113 1.72
b 0.563 474 4.66 471 0213 0.0883 0.123 2.14
Uchar 0.556 4.98 5.03 4.04 0.22 0.0739 0.0914 2.16
HSYY-Gl
up 0.398 474 3.38 4.39 0.673 0.198 0.333 3.49
UCRM 1.16 11.1 10.6 10.6 0.827 0.256 0.451 5.54
Uy 2.32 222 21.2 21.2 1.66 0.512 0.902 11.1
INEE 452 278 286 285 12.3 2.5 52 81
Uchar 0.198 6.22 6.66 7.43 0.675 0.113 0.214 3.48
Uis 0.129 4.13 4.23 3.66 0.309 0.0913 0.139 1.97
Ubb 0.159 5.88 5.45 5.62 0.426 0.108 0.178 2.72
Uchar 0.153 5.58 7.64 6.77 0.626 0.0865 0.162 2.75
HSYY-H2
us 0.237 4.84 3.16 3.72 1.25 0.232 0.639 5.07
UCRM 0.401 12.1 12.7 12.7 1.64 0.307 0.729 7.53
Uy 0.802 242 25.4 25.4 3.28 0.614 1.46 15.1
NEE 12 348 531 530 19.6 3.1 8 138
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Tab.7 Standard values and uncertainty of reference materials for the analysis of precious metals in black shale /107
TR Ag' Au Pt Pd Rh Ir Ru Os
HSYY-G1 45.242.4 278423 286422 285+22 12.3£1.7 2.540.6 5.2+1 81+12
HSYY-H2 12+0.9 348425 531+26 530426 19.643.3 3.1£0.7 8+1.5 138+16
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