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Fig. 1 Comparison of XRD spectra of tungsten mineral

reference material (GBWO07241) before and after

TR (a.u.)

sintering.
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Fig.2 SEM and EDS images of the two molybdenum ore reference materials before and after sintering (a, b are the SEM images of

molybdenum ore in GBW07238 before and after sintering; ¢, d are SEM images of tungsten ore before and after sintering in

GBW07239; e is the EDS spectrum of sintered molybdenum ore in GBW07238; f is the EDS spectrum of sintered tungsten ore

in GBW07239).
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Fig. 4 Effect of different proportions of phosphoric acid and
hydrochloric acid on the determination of calcium and

iron in GBW07238.
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Table 1 Effect of different acidity on the determination of
tungsten and molybdenum in GBW07238.
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Table 2 Effect of different addition amount of citric acid on the

determination of W and Mo in GBW(07238.
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PP AN ] A O E (B (%)

e kR e AR
BWER "o T mm mm mm AR FWER ) TwEm hEm GER ER
2.5mL SmL 12.5mL 25mL ImL 2mL SmL 10mL
W 0.36+0.3 0.34 0.36 0.32 0.30 W 0.36+0.3 0.30 0.33 0.37 0.42
Mo 1.51+0.3 1.41 1.52 1.45 1.40 Mo 1.51+0.3 1.49 1.50 1.51 1.47
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(%) (%) (%) (%) i D kR P R Ty R
0 0.29 1.47 0.37 1.52 7 (nm) (%) - (nm) (%)
1 0.27 1.45 0.36 1.51 W 224876 0.0014 Zn 213.856 0.0023
2 0.25 1.43 0.37 1.50 Mo  202.030 0.0017 CaO  317.933 0.0045
4 0.24 1.40 0.36 1.49 Cu 324754 0.0024 TFe,0;  259.900 0.0067
7 0.22 1.38 0.37 1.49 Pb 220353 0.0027
25 FEMEREIREEE(=11)
Table 5 Accuracy and precision tests of the method (n=11).
PRE) T 5 2 ' Mo Cu Pb Zn Ca0O TFe,0,
FRIFE(E (%) 0.36" 1.51° 93.6 18.7 65.5 31.44° 21.34"
DE A (%) 0.35" 1.52" 92.1 / 63.4 31.02° 20.15"
GBW07238 RSD(%) 1.21 0.75 2.32 / 4.53 3.44 4.09
AHXF 1R 2 (%) 278 0.66 1.60 / 3.21 1.34 5.58
FrUEAE (%) 0.10" 0.117 48.6 26.1 120 23.03" 14.66"
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M EME (%) 161 / 805 0.28" 0.27" 37.56" 7.76"
GBW07240
RSD(%) 7.62 / 0.91 0.56 0.48 0.98 1.17
AHXF IR 2 (%) 7.33 / 1.90 3.45 3.85 0.62 0.39
P (%) 2200 980 960 81.2 103 4.17" 5.6
ME (%) 2109 966 972 82.5 99.9 4.03 547
GBW07241
RSD(%) 1.23 0.65 1.45 2.67 1.95 2.14 3.55
TR ZE (%) 4.14 1.43 1.25 1.60 3.01 3.36 3.57

T B ALY %, HARBAE RN pe/g.
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2.4.3  JrEXT HCRIRE AT

H AT 50 A P AR ST R I D ik R
FRET A B0 S A2 E s 5 1 650
H N E ) (GB/T 14352.1—2010) . (404 . 508 1
b2 M r ik 55 28 4y B R E ) (GB/T
14352.2—2010) F1SCRRFR 1B B AHOC 7 7%, B 2
B SARTBIATX I, S5 6 Irn . AEXF T
MR AT IRAEIE T W s B | R
IR AR , AR BT BT B L AR5 I AL
MR AR /N L IR TCIE il AR PRI A
U SRR

SR AL 58 1L (1) AR R VT2 52 10 (2#) A
i DX B A SRR 110 T A S B 1 AR A REAR G A T i bk
FTGTIE, [ R At vk2E4 7% BE, o WA Mo
(I 78 7 B 2 % SCER [19], Cu. Pb, Zn, CaO Hl
TFe,05 55 & 1t (I 78 75 ik (90 A L B0 A Ay
AR DR T U 15 S/ N I TN QN 2 L N 7
By REL BURERE A AR A 5 B TR T R

Fo MY APRHE TR =RNE T IRG A

635 ) (GB/T 14352.19—2021), Xf H 45 5
37 FIR, BT LA H AR T ik P A5 14 425 B A A
B 5 HoAh ik AR — 8, HA Ty ik — ik n] [a] B
WisE 7 FoTER, KRS TIHRCR, &4 KitEfe
i P AR AT RS AR S 2 T R I .

3 g

PR T — R IR AT R4 1200 Y B4 =X
FESRTAL BT %, 456 $h R -BER-Ar BRI A R4 &
BRI [5] B0E E SE 7 P B A B B A RS 7 b
TEE . %07 R B R AR A ek
PR i, AR H AR TE & i SR MR
5 T S = I B oo R W RN E, B A
AL E R S

FHXT TG B DU RR 1T 75, A8 SO ik e
P b, T —22, S AL B A A iy b B
A, BRI NN 2o Hr N B R A At 2 A
TCEM T

Table 6 Comprehensive comparison of the three methods for determination of W and Mo in tungsten-molybdenum ore.

Xt eI H FRifEJT 15 SCHk [13] J51% SCHik [11] 78 ATk

oo FIEE W i Mo W.Mo,B.S.P W W. Mo, Cu. Pb. Zn, Ca. Fe
FREE & 0.2 ~0.5¢ 0.5g 0.1g 0.1g

BRI i e

I‘eim Gl 2 LM ST A (iz‘

SRR . BRI R VUG LA i A B
s e 2.5¢ AL+ ) -

Y & F5 S L Ay 2y

L ameall 4g 5L 0.50 UL 10mL S ER+SmL Az ¥

GIAZ% HET EE T (2 2SI 2515 ¥ ¥

W R ICP-OES ICP-OES ICP-OES

PRAERT 4.5h 5.0h 30h 1.5h

7  FBRERARFET ST B AT e

Table 7 Comparison of analytical results determined by different methods for actual samples.

THEESL I E(E (%) 24 I E (%)
FTEE

ENS RS Hflh )y LN RS HAb 7k
W / / / /
Mo 0.16 0.16 1 26.69 26.86 1"
Cu 18.59 18.44 8.65 8.53
Pb 0.073 0.072 0.126 0.128
Zn 0.51 0.53 0.16 0.17
Ca0 9.98 102 0.92 0.91

TFe,0, 26.68 26.47 19.36 19.15

T VIR TR
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Determination of Tungsten, Molybdenum and 5 Associated Elements in
Tungsten-Molybdenum Ore by Inductively Coupled Plasma-Optical
Emission Spectrometry with Direct Sintering

SONG Zh0u1’2’3, JI Yipingl, WANG Weihua', FANG Shaomin4, YANG Jie', LUO Huoyan4,
ZHOU Yugi'
(1. Hubei Province Geological Experimental Testing Center, Wuhan 430034, China;
2. Key Laboratory of Rare Earth and Rare Scattered Mineral, Ministry of Natural Resources, Wuhan 430034,
China;
3. Hubei Key Laboratory of Resources and Eco-environment Geology (Hubei Geological Bureau), Wuhan 430034,
China;
4. Hubei Huaxiang Geological Environmental Testing Technology Co., Ltd., Wuhan 430000, China)

HIGHLIGHTS

(1) Direct high-temperature sintering method can avoid the introduction of a large number of salts, and reduce the
negative impact of matrix effect on analytical test instruments.

(2) The mixed acid system of hydrochloric acid and phosphoric acid can effectively promote the dissolution of seven
target elements (tungsten, molybdenum, copper, lead, zinc, calcium, and iron) from tungsten-molybdenum ore
after being treated with direct high-temperature sintering.

(3) Citric acid in a solution of a certain acidity can effectively stabilize the target element in the extract, and obtain a

stable solution for testing.

ABSTRACT

BACKGROUND: Tungsten-molybdenum ore is generally composed of a variety of minerals with complex
composition. It is insoluble in hydrochloric acid, nitric acid and aqua regia, and the alkali melting and mixed acid
dissolution method was often selected for sample digestion. However, the matrix effect cause by the alkali melting
method seriously affects the accuracy and detection limit of instrument testing; the acid dissolution method has low
dissolution efficiency for tungsten, molybdenum and other insoluble elements, and requires a long time and a
complex pretreatment process by using a variety of inorganic strong acids such as hydrofluoric acid and aqua regia,

which can also cause damage to the analytical and testing instruments.

OBJECTIVES: To develop a simple and efficient method for quantitative analysis of tungsten and molybdenum

and its associated elements in tungsten-molybdenum ore.

METHODS: Based on alkaline melting and acid dissolution, a method was established by inductively coupled
plasma-optical emission spectrometry (ICP-OES) with direct sintering and complex extraction of hydrochloric acid-
phosphoric acid-citric acid. Seven elements (tungsten, molybdenum, copper, lead, zinc, calcium, and iron) were
analyzed in tungsten-molybdenum ore. The tungsten ore standard substances (GBW07240 and GBW07241),
molybdenum ore standard substances (GBW07238 and GBW07239) and two actual tungsten-molybdenum ore

samples were used to verify the method.
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RESULTS: Compared with the traditional alkali melting method, the minerals containing the target elements in the
samples were converted to acid soluble state by direct high-temperature sintering, and the target elements were
transferred to the solution under the complexation of the mixed acid system of hydrochloric acid, phosphoric acid
and citric acid, so as to achieve rapid and accurate quantitative determination. The optimal experimental conditions
were: sintering at 600°C for 1h, extraction with SmL mixed acid composed of phosphoric acid and hydrochloric acid
(V1V=1:20), complexation with SmL of citric acid with a concentration of 10g/L, and determination after filtration.
The results showed that the contents of the seven target elements were within the standard value range, and the

relative error and relative standard deviation (RSD) were within 10%.

CONCLUSIONS: The sample pretreatment method combined with direct high-temperature sintering and complex
extraction of hydrochloric acid-phosphoric acid-citric acid can be used to effectively avoid the shortcomings of
traditional alkali melting and mixed acid dissolution method, and has the advantages of environmental protection
and low energy consumption. At the same time, it can effectively reduce the emission of acid gas pollutants in the
sample analysis and testing process and has a good application prospect. The results provide basic support for the

development and comprehensive utilization of strategic tungsten-molybdenum deposit resources.

KEY WORDS: direct sintering; inductively coupled plasma-optical emission spectrometry; tungsten-molybdenum

ore; tungsten; molybdenum
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