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Table 1  Analytical results of elements in GBW07238 dissoluted with different digestion methods
o GBWO7238 i T % it
o FRUE(EL (% ) Jri 1 MEME (% ) T2 MEH (% ) Tk 3 WEE (% ) T4 WEME (% )
w 0.36 £0.03 0.30 0.31 0.35 0.37
Mo 1.51 £0.03 1.42 1.23 1.52 1.53
Cu 0.00936 +0.00123 0.0092 0.0097 0.0096 0.0095
Pb 0.00187 +0.00032 - - - -
Zn 0.00655 +0.00112 0.0068 0.0070 0.0070 0.0071
Al, O, 3.46 £0.21 3.43 3.48 3.45 3.48
TFe, 05 21.34 £0.36 21.17 21.25 21.41 21.31
CaO 31.44 £0.36 31.30 31.57 31.49 31.37
MgO 0.86 £0.05 0.84 0.87 0.87 0.88
TiO, 0.13 £0.01 0.13 0.12 0.13 0.12
MnO 1.40 £0.07 1.43 1.37 1.42 1.39
K,O0 0.046 +0.014 0.045 - - 0.042
Na, O 0.075 +£0.051 0.076 - - 0.081
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Table 2 Analytical results of elements in GBW07238 dissoluted with different flux and sample ratio

GBWO07238 £ IR M EH (% )
Tk FRAERLC%)
HIBEHE3 ¢ 1 HIELES : 1 HIEHET ¢ 1 HIELE 10+ 1

W 0.36 +0.03 0.19 0.37 0.34 0.35

Mo 1.51 £0.03 0.86 1.53 1.48 1.46

Cu 0.00936 +0.00123 0.0061 0.0095 0.0091 0.0097

Pb 0.00187 +£0.00032 - - - -

Zn 0.00655 £0.00112 0.0038 0.0071 0.0061 0. 0068
Al, O 3.46 +0.21 2.08 3.48 3.43 3.41
TFe, 05 21.34 +0.36 13.56 21.31 21.25 21.37
Ca0 31.44 +£0.36 17.69 31.37 31.29 31.31
MgO 0.86 +0.05 0.48 0.88 0.85 0.85
TiO, 0.13 £0.01 0.071 0.12 0.13 0.12
MnO 1.40 £0.07 0.082 1.39 1.41 1.37
K,0 0.046 +0.014 0.028 0.042 0.042 0.044
Na, O 0.075 £0.051 0.043 0.081 0.082 0.074
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IR BRI AE, A5 FE HL 2 B8 g R 0 26 55 4k
PR o DRRE LA SRR A5 AN AR, AL 28 S
HBEPEATINRE , 5 BERREE DY 1. OmL/min i {55 3
SEFEE AR SE , LRt RR A 0 1. 0 mL/min,,
2.5 SrbrdiikiEny
2.5.1 bRk A R

PATCER B o B D B AR AR 55 56 BE A A A
B UAE 1.4 AR, 2 bt 2, & s RARHE
HEAHSC R BOR T 0. 9990 (55 3) il /L A0 BT 2K

TEASCE e FE R AR T 34 2 0 7 4 U 25 11 T W
110, PL 3 AR g 22 71 5 07 ik A5 U R K BR
1.34 ~46.2ug/g( £ 3) . ZrFEHES LK AMM
Bl ICP — OES 30 %€ 85 518" 41 A9 #9401, J7 i 46
HBRA 11~ 15pg/g; /NS DL A AL Bl A
ICP - OESILINE Z-a @A P i FR TR, 7 ik ke
HEROAT ~995 e/ g0 BB 5 HH AR I 35 I A ER
R BRI S, BT LIS H BRAKP B o AR S

4 N AFHD bR E I a5 R

Do R R 5 2 25 7 2 N B 1 TR (G RS
AREF AR WA T /NSRAE T ik, B S
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Table 3 Spectral line, calibration curve and detection limit of

elements
NTEs=Y 2. B Nasy g
5 I K LRI I 2K Jr i th R
(nm) (pg/mL) (peg/g)
\ 224.876 1.0 ~100.0 0.9996 2.71
Mo 202.030 1.0 ~100.0 0.9998 4.67
Cu 324.752 0.1~10.0 0.9992 4.11
Pb 220.353 0.1~10.0 0.9991 7.27
Zn 213.857 0.1~10.0 0.9995 0.90
Al 396.153 10.0 ~200.0 0.9991 27.1
Fe 238.204 10.0 ~200.0 0.9996 38.9
Ca 317.933 10.0 ~200.0 0.9991 46.2
Mg 285.213 2.0~50.0 0.9992 19.6
Ti 334.940 1.0~20.0 0.9999 2.32
Mn 257.610 1.0~20.0 1.0000 1.34
K 766.490 2.0~50.0 0.9995 31.2
Na 589.592 2.0~50.0 0.9992 43.8

2.5.2 J5iAUEREEROR

PLES B A1 B8 o0 0 M B 5K — 2% b o ) ot
GBWO7241 S A7 18 73 73 Hr [l K — b HE W) Jo
GBWO7238 SRtk iy, 4% MR S 58 77 3% 23 31 - 17 I
TE 10 ARFE A, TF5T7 125 AR 5% 22 R 0 o o i 22
(RSD) o JiikAoea e M xR 22 ( ERITR PUR
Writ) H0.14% ~8.70% ,RSD ( EHRILH LI
) R 1.4% ~7.6% (F4) . HkiHIE%E" AR

Table 4  Analytical results of tungsten ore and molybdenum ore certified references

GBWO7241 (35 f) GBWO07238 (4H5" )

S TRl WM MR RSD FREr W AR RSD
(%) (%) (%) (%) (%) (%) (%) (%)

w 0.22 £0.02 0.23 4.50 1.8 0.36 £0.03 0.37 2.80 3.2
Mo 0.098 +0.006 0.104 6.10 6.8 1.51 £0.03 1.53 1.30 2.0
Cu 0.096 +0.004 0.098 2.10 1.4 0.00936 +£0.00123 0.0095 1.50 5.4
Pb 0.00812 +£0.00031 0.0087 7.10 7.6 0.00187 £0.00032 - - -
7n 0.103 £0.008 0.100 2.90 2.6 0.00655 +0.00112 0.0071 8.4 4.8
Al Oy 11.15 £0.18 11.22 0.63 1.8 3.46 £0.21 3.48 0.58 2.2
TFe, 04 5.60 £0.07 5.58 0.36 1.5 21.34 £0.36 21.31 0.14 1.4
CaO 4.17 £0.08 4.15 0.48 1.7 31.44 £0.36 31.37 0.22 1.4
MgO 0.14 +0.01 0.13 7.10 2.8 0.86 +£0.05 0.88 2.30 1.7
TiO, 0.044 +0.006 0.042 4.50 2.2 0.13 +0.01 0.12 7.70 2.1
MnO 0.090 +0. 006 0.087 3.30 2.1 1.40 £0.07 1.39 0.71 1.5
K,0 1.58 £0.07 1.54 2.50 3.9 0.046 £0.014 0.042 8.70 3.5
Na, O 0.12 +0.01 0.11 8.30 3.4 0.075 £0.051 0.081 8.00 4.1
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Table 5 Comparison of different methods

g WS W | ASORRMIE] SO

TR g (@) (%) HIRHEZ (% )
w G B 0.93 0.94 0.53
Mo SR 0.67 0.65 1.52
Cu AAS 0.091 0.084 4.00
Ph AAS 0.034 0.037 4.23
Zn AAS 0.045 0.041 4.65
Al, O, ICP - OES 9.73 9.66 0.36
TFe, 05 | ICP — OES 8.41 8.45 0.24
CaO ICP - OES 15.21 15.30 0.29
MgO ICP - OES 2.36 2.41 1.05
TiO, ICP - OES 0.17 0.16 3.03
MnO ICP - OES 1.15 1.14 0.44
K,O ICP - OES 0.75 0.73 1.35
Na, O ICP - OES 0.42 0.44 2.33
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Determination of W, Mo and 11 Other Elements in Tungsten -
Molybdenum Ores by Inductively Coupled Plasma Optical Emission
Spectrometry with Lithium Metaborate Fusion

WANG Li - giang'* , WANG Jia —song'** , WEI Shuang'®, ZHENG Zhi - kang'*
WU Liang - ying' >, ZHANG Nan'?*, ZENG Jiang — ping' "
(1. Tianjin Centre of Geological Survey, China Geological Survey, Tianjin 300170, China;

2. North China Centre for Geoscience Innovation, Tianjin 300170, China;

3. Key Laboratory of Geological Environment of Muddy Coastal Zone, China Geological Survey, Tianjin 300170,
China)

HIGHLIGHTS

(1) A method for the determination of 13 useful, beneficial and harmful elements in tungsten and molybdenum ores
was established.

(2 ) Using lithium metaborate to decompose samples without introducing alkali metals, the simultaneous
determination of K, Na and other rock — forming elements and ore — forming elements can be realized.

(3) Hydrochloric acid extraction — tartaric acid complexation — ultrasonic oscillation was used to extract frit and to

obtain a stable sample solution quickly.
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ABSTRACT

BACKGROUND: Tungsten molybdenum ores are strategic mineral resources. China is a large producer and
consumer of tungsten and molybdenum ore. Accurate and efficient analysis of tungsten and molybdenum and its
associated beneficial and harmful elements is of great significance for the evaluation and comprehensive utilization of
tungsten and molybdenum ore deposits. Acid dissolution and alkali fusion are the general digestion methods in
tungsten molybdenum ore analysis. However, the acid solution method cannot be used to overcome the hydrolysis
problem when treating samples with high content of tungsten and molybdenum, whereas the alkali fusion method
such as sodium peroxide and sodium hydroxide usually introduces a large content of alkali metals, so the
determination of potassium and sodium cannot be finished.

OBJECTIVES: To find an efficient method for the determination of tungsten, molybdenum and 11 other elements
in tungsten molybdenum ore.

METHODS; Lithium metaborate melting — tartaric acid ultrasonic leaching and inductively coupled plasma —
optical emission spectrometry (1CP — OES) was used for the simultaneous determination of tungsten, molybdenum,
copper, lead, zinc, aluminum, iron, calcium, magnesium, titanium, manganese, potassium and sodium in
tungsten — molybdenum ore. The sample was completely digested by lithium metaborate fusion. No other elements
were introduced except for B and Li. Tartaric acid was used to inhibit the hydrolysis of tungsten and molybdenum.
Ultrasonic leaching speeds up the dissolution of the frit.

RESULTS: The experiment optimized the analysis spectrum and observation method of each element, compared
the amount of flux and instrument conditions to obtain the best conditions, and used the matrix matching method to
draw a standard curve to eliminate the influence of the matrix effect. The linear correlation coefficient of the
standard curve of each element was greater than 0.9990, the detection limit of the method was 1.34 -46.2ug/g,
the relative error of measured results was 0. 14% —8.7% , the relative standard deviation (RSD, n =10) of the
measured results was 1.4% -7.6%.

CONCLUSIONS; This method can accurately and efficiently complete the simultaneous determination of multiple

elements in tungsten and molybdenum ore samples.

KEY WORDS: tungsten — molybdenum ore; lithium metaborate fusion; hydrochloric acid; tartaric acid;

inductively coupled plasma — optical emission spectrometry
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