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Fig. 1 Variation trends of quantities of critical metal ore CRMs

produced in China.
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Fig.2 Values of metallogenetic elements in critical metal ore CRMs produced in China.
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Table 5 CRMs for platinum group elements produced in China.
kst a] kil FRUERI BT (i) SRS ﬁ{ﬁﬁ
Approval date B Name of the national certified reference material (Code) Property Certified value
Producer (ng/kg)
Pt 4/6/10/19
LA T AT AR ) Pd 5121712
Certified reference materials of ultrabasic rock Os 6/6/175/569
(GBW07101 1 GBW07102) Ru 10/9/305/193
1984 M Ir 3/3/90/333
BB B3 b T
. . . Rh 0.6/1.2/12/17
Certified reference materials of chromite
(GBW07201 Fl GBW07202)
Pt 0.26/1.6/6.4/58/20/440/14.7
Pd 0.26/2.3/4.6/60/11.3/568/15.2
1997 b BABICR HBRAL 2RI A bR Os  0.050/0.06/9.6/2.4/353/15.6/0.64
Certified reference materials of platinum group elements Ru (0.05)/(0.10)/14.8/2.5/527/13/0.66
(GBW07288 ~ GBW07294) Ir 0.032/0.05/4.3/4.7/136/28/1.2
Rh 0.017/0.095/1.3/4.3/10/22/1.1
Pt 0.66/1900/5700
Pd 0.66/570/1670
2006 b FIGIC BRI A AT T Os 0.25/43/(2)
Certified reference materials of platinum group elements Ru 0.43/74/(2)
(GBW07340 ~ GBW07342) Ir 0.16/28/2.1
Rh 0.066/(6)/1.5
Pt 2430/10610/900/4440/380
SRR A T B AT ) Pd 1680/600/700/1330/400
2007 Q Certified reference materials of platinum group elements in copper-nickel ore Os 1:9/3.713.0/1.6/8.2
Ru 1.5/4.2/3.5/0.71/7.8
(GBW07194 ~ GBW07198)
Ir 1.6/4.4/3.2/1.9/23.6
Rh 1.9/3.6/3.2/1.4/18.0

T RS W ENZEE, DRI . D—rh EHBRRABE R Yy S kA2 B A TS BT s M [ S e ) 99 42 b i) A
e (EHLBTE P R0 2 B BT RT) s Q—BR PG ML BT 7 S BRT AT A KR B (BRI 48 3 B 7 SIS I o

ARFPOCEME, T AL Z 0 R N E, 5§
UFE Li, Au, In, Cu Z5TC &M E R I 4% 03
COL & H T & M u Z e, 785w it
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Table 6 Rare metal, rare earth metal, and dispersed metal ore CRMs produced in China.
e SN " FrifE(E ANHE B
S S| BB | bR SE (A K R : -
. Certified value Uncertainty
Three-rare minerals | Approval date | Producer Code Number of property value | Property %) %)
0 0
1999 v GBWO07154 39 Ta.0 0.00886 0.00060
GBWO7155 s 0.070 0.006
H GBWO07154 0.00423 0.00025
aya 1999 Y 39 Nb,Os
Tantalum ore GBWO07155 0.043 0.003
2005 Y GBWO07185 39 Ta,O5 1.02 0.02
2005 Y GBWO07185 39 Nb,Os 0.52 0.01
GBWO07150 0.060 0.006
B 1999 Y 34 BeO
Bervlli GBWO07151 0.365 0.026
crytium ore 2005 Y GBW07183 33 BeO 3.02 0.06
GBWO07152 . 0.460 0.010
1999 Y 39 Li,O
GBWO07153 2.29 0.06
SRR 2005 GBWO07184 39 Li,O 3.89 0.14
Lithium ore GBW07733 6.30 0.18
2021 R GBW07734 35 Li,O 6.23 0.11
GBWO07735 1.30 0.04
GBWO07156 0.187 0.004
1999 Y 34 ZrO,
GBWO07157 1.25 0.04
sk GBWO07156 0.00421 0.00053
U] 1999 Y 34 HfO,
Zirconium ore GBWO07157 0.025 0.003
2005 Y GBW07186 35 Zr0O, 4.68 0.12
2005 Y GBW07186 35 HfO, 0.084 0.007
GBWO07158 0.092° 0.088 ~ 0.100™
1999 v GBWO07159 3 REO 0.085 0.006
GBW07160 > 2REO, 0.486 0.042
GBWO07161 0.784 0.020
GBWO07183 0.00636 0.00016
[ olvE- GBW07184 0.00107 0.00015
Rare earth elements GBWO07185 0.00810 0.00025
2005 Y 33~39 YREO,
GBW07186 0.0515 0.0020
GBW07187 1.83 0.04
GBW07188 430 ol
GBWO07890
2021 (0] 33 — — —
GBWO07893
YA
. 2013 Y GBWO07831 45 Ge 0.00216 0.00009
Germanium ore
B A
. 2013 Y GBWO07832 45 Ga 0.00903 0.00028
Gallium ore
e
. 2013 Y GBWO07833 47 In 0.00397 0.00012
Indium ore
A 2015 (0] GBWO07369 51 Re 0.000035 0.000003
Rhenium ore 2015 (0] GBWO07373 51 Re 0.00109 0.00007

C e IE= i 6 v - Ave S S AT

e LREFIR,

RIS o BRI AU O—1dbas B s illitrh

O ([ 4 GBI P R PR MBI O R S A IR L
AR

Fw Wi b A IRSTAE A B (Ut = ik R

1646—2017) H X6J 1 J57 73 B A 17 ) Jox ) AR X7 AN
B FEAE S N R, RIRSARE(E (0)>10%, Uy<
2%; 1%< y<10%, Uy<5%; 0.1%< y<1%, Uy <
10%; 10pg/g<< y<<1000pg/g, U <15%; lug/g<<y<
10pg/g, Uy<20%; 0.1pg/g<<y<lpg/g, Uu<25% % .

WAL MBS ATTEAT) s R—F RS I R Pl Y—IL T

LT R HUTH BT ) -

AT FR AR B EL R A SR AR i
Y TC R (G TC R BRAM I U, #ATGE 1530
(%] 4), 25 B LB 3T 90% WY FRUEY) FURE TC £ /Y
U F56 JIF 1646—2017 B JEI0 R, B A E K
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Table 7 Measuring methods of metallogenetic elements in critical metal ore CRMs.

N7 ES R SEAB RGN J7i%
Type Property Method
B £ Tron ore TFe COL. VOL. AAS. ICP-OES. INAA
4 f1 Manganese ore Mn VOL, ICP-OES
%8k Chromite ore Cr,0, VOL. XRF
™A Vanadium ore V,0; VOL, COL, ICP-OES
£k Titanium ore TiO, COL. VOL, ICP-OES, XRF, INAA, ICP-MS
W f1 Copper ore Cu VOL. AAS, POL, INAA, ICP-OES, XRF, COL
#-+7" Bauxite AlLO; GR. VOL, XRF, ICP-OES
B4 Nickel ore Ni ICP-MS, ICP-OES, AAS, COL, POL, GR, VOL, INAA
51" Cobalt ore Co AAS. COL, ICP-OES, INAA, POL
55" f Tungsten ore W COL, ICP-OES, INAA, POL, XRF
B9 41 Tin ore Sn COL, ICP-OES, POL, VOL
1WA Molybdenum ore Mo COL. GR, ICP-MS, ICP-OES, POL, INAA, XRF
B f1 Antimony ore Sb AFS, ICP-OES, INAA. COL, VOL, AAS
441 Gold ore Au AAS. COL, GR, ICP-OES, INAA, POL
Pt ICP-MS. GFAAS. AES. COL, ICP-OES, INAA
Pd ICP-MS. GFAAS. AES. COL, ICP-OES, INAA
$A%ICE Platinum group elements Os ICP-MS, INAA, COL, AES
Ru ICP-MS, INAA. COL, AES
Ir ICP-MS. INAA. COL, POL, AES
Rh ICP-MS. INAA, POL. AES
475 Tantalum ore Ta,O5 ICP-OES. ICP-MS, INAA. GR, COL, XRF
Nb,O; ICP-OES, ICP-MS, COL, XRF
B 1 Beryllium ore BeO ICP-OES. POL. GR, AAS. COL
B A Lithium ore Li,O AAS. ICP-OES, ICP-MS
577 Zirconium ore 71O, ICP-OES. ICP-MS. XRF. INAA. GR. COL, VOL
HfO, XRF. ICP-OES. ICP-MS. INAA
#i L4 f1 Rare earth elements YRE,O, ICP-MS, ICP-AES. INAA, COL. GR
W41 Germanium ore Ge ICP-MS. AFS
W 4 Gallium ore Ga ICP-MS. COL
%41 Indium ore In ICP-MS. AAS
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Fig. 4 Certified values and relative expanded uncertainties of

metallogenetic elements in CRMs.
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The Current Status and Development Demand Analysis of Certified

Reference Materials for Strategic Critical Metal Minerals

SUN Huizhong, AN Ziyi', XU Chunxue, CHEN Zongding

(National Research Center for Geoanalysis; Key Laboratory of Eco-Geochemistry, Ministry of Natural Resources, ,

Beijing 100037, China)

HIGHLIGHTS

(1) The improvement of certified reference materials for strategic critical metal minerals focuses on the supplement

of new minerals and deposit types as well as property values of chemical phase analysis and isotope ratios.

(2) Multi-element instrumental analysis technology has become the first choice for characterization of reference

materials, but the classical methods should be retained because of their irreplaceability.

(3) Key technical bottlenecks in preparation of certified reference materials such as melt homogenization and nano-

scale preparation still need to be overcome.

— 392 —


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

%24 PNERH, A5 S DGR A S 7 b o ST IR ARG SR 3BT %43 4

ABSTRACT: Certified reference materials (CRMs) are used as the basis for verifying authenticity to obtain
accurate and reliable sample analysis results of strategic critical metal minerals. Over three hundred critical metal
ore CRMs have been produced in China during the past decades, including most mineral varieties and mineralizing
types of metals such as ferrous, non-ferrous, precious, rare, rare earth, and dispersed, and have played an important
role in research, exploration, and exploitation of China’s strategic metallic mineral resources. From 1984 to 2021,
the number of first-class critical metal ore CRMs increased steadily (25 every five years), and the number of second-
class national CRMs increased significantly in the past decade (60 every five years). Compared with metallogenetic
elements, the property values of CRMs have more focus on the elements related to new energy and comprehensive
utilization. Although the number and production techniques of critical metal ore CRMs have improved in recent
years, they still have limitations: (1) CRMs for boundary and minimum industrial grades non-ferrous metal ore (such
as tungsten ore, tin ore, and cobalt ore) are incomplete. (2) Only a few types and quantities of CRMs are available
for the analysis of rare, rare earth and dispersed elements, which is unable to meet the demand. (3) The theoretical
basis of the development of CRMs such as chemical phase analysis, in situ analysis, and field on site analysis is
relatively weak. Based on the shortcomings of available CRMs for strategic metal minerals, it propose that the
production of further CRMs should satisfy the demands for mineral analysis of the supply chain from mining to
manufacturing. Meanwhile, more research on production and certification of CRMs for isotope analysis, in situ
analysis and field on site analysis should be carried out to provide quality assurance and analysis technical assistance
for strategic mineral exploration, mining, processing, and smelting.

KEY WORDS: ferrous metals; non-ferrous metals; rare earth metals; rare metals; dispersed metals; quality control
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