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Fig. 1 Optimization of Lefort aqua regia volume (mL) in
microwave digestion (50mg sample in 1000W
microwave).
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Table 1 Optimization of temperature in two-step microwave

digestion program (50mg sample in 1000W
microwave).

—BORIE  BRINE( | SBTBORIE  BRIEY | PR
(c) (ng/g) (<c) (ng/g) (ng/g)
110 10.5 140 10.5 10.9+0.7
120 10.4 150 10.8 10.9+0.7
130 10.8 160 10.6 10.9+0.7

PN SRR 100% 2247, 5 BH 06 T 2K AR 7 A ml 7%
4 Mo JCE M PSS B W ot E . Z RIS
T, WP W, Mo &4 Re TR W@ w45 1=
TR, R, 7R 7R Re JCESE 40 Hr Hholk o
B HBR W, Mo LX) & S ERf 2o H 2L,
2.3 . HFMLHEN 8-HQ Il

R A CRRAR BH P B I SRR A B T I
TR 40 % 2 1R 8-F4 B s Wk B 195 ) (GB/T 5059.1—
2014), 8-HQ 1E iy — Ff A HLULTE R, 7T 43 H1H W,
Mo JCER A A PRSI E TN 2 SE s AH e

WFoE 2, S Wh W, Mo B9 & B840 s T

Table 2 Dissolution of W and Mo in Lefort aqua regia microwave digestion (130°C for 8min and 150 °C for 38 min in 1000W

microwave).
e g HPREE A0 2 {EL LR FAbRUE(E FHI B LIRS
FRIERE S
(ng/g) (ng/g) (%) (%) (%) (%)
GBWO07285 54.7 52.0 95.1 5.17 5.27 102.0
GBWO07373 370 344 93.0 9.09 8.99 98.9
GBWO07238 3600 1312 25.0 1.51 1.50 99.3
GBW07369 79600 1652 0.8 0.361 0.360 99.7
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8-HQ, MHHILIEFIJG AU E 45 F T W, Mo UiiE R
(£3), 4558%W, W, Mo Bifh L R IVLIER KL
FERLTC R IR SR AE R IT R AR R b 8-HQ ULTE I A
10 19 A0 T BGm, L 8-HQ 7E %% /b & i (0.2mL,
0.3%) & HA B Mo TLIERER (99.21%) ; X F
W I B — 2 B AN (0.75mL, 0.3%) A fig P A 4%
WFTTRERCR (90.95%) o BRILZ AR, B8k 2mL(0.3%)
50.2mL(3% ) EA7 A1 [F] A9 4 X6 5 ik, {HL i v B 1)
8-HQ HA B M UTIE SR, X T e i T iR B UL
VEFIREAS S A s b A A B g . PRI, TTUER 8-HQ
F AL IR 0.2mL(3%) .

J T ik — A KAIE 8-HQ X SLPRE W A W
Mo THEITCE UTTERCR, AWFFBER = Fhi A7 E K
—ZkREY) it GBW07238. GBW07373 Fl1 GBW07369
VERBFFEN 5. G55 R M, BRI ARG IL T 5 2,
{H 8-HQ 175 HE . 3 b T I 5L PR b AN [R5 7K1
) W, Mo THREICER, TITERYE T 95% (3 4), Wi
BT 8-HQ PLTE LBRA-AFES: W, Mo Tt
RIS
2.4 ICP-MS & &7 IEEN

Re A WA~ KR R 47 Z "PRe A" "Re, H KK

%3 W, Mo ML RLRIFHEAEAF 8-HQ i P

A 2 F2 B4 N 37.4% F1 62.6% ., HT RS KR
] 432 2 AN A7 A [ 2 507 8 10 T, 0w > K A& [
MR AE R T A% BE AR, ARELE
VPt Re e IR . BRIE AT LA SO A E
SR RIS %o R 2 SR A R R, A5 X R
IEES % Be. Sc. Ge. Y. Lu. Ir, Rh, Bi & ik
e 5 % B, B ASEEAE R A I, HoAh oo R AE
R P YA K, #E—25 T Rh, I A Rh-Ir
(¥4 Sng/mL) 53 5IVE R NARIC R B X RR T2 A
SERLREIR, 45 R L Re B E A5 RA HA B EE
255, #il Rh 5 Ir Bl VENAR .

SRR WA b AR ) 4300 5 2% A TR 12 428 sk
B RE S A TI0 E , THE AR MEN 22 8 2.3ng/g, LA 3 £
PR 22T H AR 20 5k R, DL 10 5 briEd 254
IPEE R P BRIk Re MR HBR N 6.9ng/g,
R R 23ng/g.
2.5 JIEREEES e

YEH 4 A AT IEAR HED) B4R B A (GBWO07238) .
W41 (GBW07285) . Bk4HH™ £1 (GBWO07373) Fl4 %)
WA (GBWO07369), F MREY) BTV A7 53 H7 8 Ko
T2 5 Am o (22 (8] 9 AH X% 25 (RE, %) oF A
ST MERR B, TR 8 UOT-A T B AF XA T D
25 (RSD, % ) KAl i i RE2 BE (2 5) . 45 R %R,
ARy N A TR DA A bR ) 0 A SR A AR X R

4 8-HQXMELPrtEsh W, Mo JERMTLIESR
Table 4 Precipitation rate of W, Mo elements in real

samples under 8-HQ.

RS PRI PRI DUENDCE S E DUERCEAE UUER
Table 3 Precipitation rate of W, Mo and W-Mo solution i B (pg/mL) (ng/mL) (%)
Mo 3.020 0.0224 99.26
(25pg/mL) under different 8-HQ addition amount. GBW07238 W 02625 0.0035 98.67
PSR DER BOCEUITER Mo 18.20 0.0511 99.72
DURER R | DIVERI & (%) (%) GBWO7373 w 0.6880 0.0013 99.81
HRRLHE (mL) Mo W Mo W aBworsee MO 0.7251 0.0326 95.50
0.3304 0.0054 98.37
0.20 99.21 28.72 53.19 22.41
0.50 99.66 31.36 99.77 70.72
8-HQ 0.75 99.81 5337 | 99.86  90.95 %5 FPNORS B RIETE
(0.3%, wo%) 1.00 99.94 79.32 99.86 97.27 .
150 99.96 0273 99 84 99.16 Table 5 Accuracy and precision tests of the method.
2.00 99.97  93.08 | 99.81  99.39 PREDIG  BRSRIEM SRS EARMER MIXHR2E RSD
0.20 99.99 9954 | 99.83  99.32 Eikel (ng/g) (ng/g) (%) (%)
0.50 99.97 99.80 99.85 99.56 GBWO07238 0.37+£0.01 (0.35) 6.07 2.6
8-HQ 0.75 99.99 99.96 99.85 99.57 GBWO07285 32.50+0.49 31.20+3.70 4.09 1.5
(3%, w%) 1.00 99.96 99.96 99.86 99.76 GBW07373 10.80+0.20 10.90+0.70 0.85 2.0
1.50 99.97 99.97 99.77 99.73 GBWO07369 0.35+0.01 0.35+0.03 0.71 4.6
200 9999 9997 | 981 97 VE: WUAARA PR 22 1T FR CPAT SR UKL n=8) .
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BCASIR R, B B S A AT AL RS [R] DA 8 ~ 12h 45
FY) 2h, Z VIR [FEG A B K — BAR Y TR,
RE 5 0.71% ~ 6.07% H RSD<5%, #EHf B Uk 25 )i
BIRERSHE 0 A RE S PR R IR L AN 2L

A5 E ST 13 K T R 25 G 8-HQ ULIE
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o n] R SR A A = B T 2w
JCE M R, U s S R TR DA%
A TTR T, mMiA RSB EE noR, AT
TR I 20 A R S AL B, R T R AH S 570
BT o AL TR 0 S B

Determination of Rhenium in Tungsten and Molybdenum Ore by ICP-MS

with Lefort Aqua Regia Microwave Digestion and 8-hydroxyquinoline

Precipitation

XIAO Yufang', JI Yiping', REN Xiaorong', CHEN Zhigui', DONG Xuelin'**",

ZHANG Qinfeng'**

(1. Wuhan Geological Research Laboratory, Wuhan 430034, China;

2. Hubei Key Laboratory of Resources and Eco-Environment Geology, Wuhan 430034, China;
3. Key Laboratory of Rare Mineral, Ministry of Natural Resources, Wuhan 430034, China)

HIGHLIGHTS

(1) A pretreatment method for ore samples with organic precipitator to remove high-abundance interfering matrix

elements was developed.

(2) The precipitation rate of 8-hydroxyquinoline on high-abundance tungsten and molybdenum interfering elements

in matrix was greater than 95%.

(3) The pretreatment time was reduced from 8-12h to approximately 1h by microwave digestion and precipitation

method.
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Lefort aqua regia Transfer and
microwave digestion dilute to volume

ICP-MS analysis Filter (2 pm membrane) Precipitate

ABSTRACT

BACKGROUND: Rhenium (Re) is a key mineral resource widely used in the aerospace field. As one of the rarest
elements in the earth, Re rarely exists as an independent mineral but is dispersed in various sulfide ores. Due to its
low content and dispersed distribution, the highly sensitive and accurate quantification of Re (ng/g) in complex ore
is one of the challenges of modern geological analysis. In order to solve the problem of incomplete decomposition
and the great interference caused by co-dissolution of high abundance matrix elements, the existing “digestion-
separation” method using 8-12h for one sample is complicated, time-consuming and labor-intensive. Therefore, the

development of a simple, fast and low-cost method is urgently required.

OBJECTIVES: To establish an analytical method based on Lefort aqua regia microwave digestion, molybdenum

and tungsten precipitation, ICP-mass spectrometry for the determination of rhenium in ore.

METHODS: Lefort aqua regia microwave digestion was used to fully decompose ore, and then the organic
precipitator 8-hydroxyquinoline (8-HQ) was used to selectively precipitate high-abundance matrix interference
elements molybdenum (Mo) and tungsten (W) in the acid-ammonium acetate buffer system (pH 4.5). The organic
precipitator 8-HQ was used to precipitate Mo and W to produce stable hydroxyquinoline molybdenum
[MoO,(CyH4ON),] and tungsten [WO,(C,H¢ON),], thereby removing the high-abundance Mo and W in the digestion
solution and reducing the interference of matrix on the quantitative analysis of Re. The relevant parameters of Lefort
aqua regia microwave digestion and 8-HQ precipitation were systematically studied, and the digestion and

precipitation properties were deeply studied by using national certified reference materials.

RESULTS: The key parameters that influence ore digestion including volume of Lefort aqua regia and temperature
of microwave digestion, were determined as 2.8mL and 130°C for step 1 and 150 °C for step 2 separately. The
addition amount of 8-HQ was also determined as 0.2mL (3%, w%) by comparing precipitation rates of W, Mo and
W-Mo solution (25pg/mL) under different amounts, and results showed that the precipitation rate was greater than
95% in different ore digestion solutions. In the established method, the detection limit of Re was 6.9ng/g, the
relative error was 0.71%-6.07%, and the RSD was less than 5%.
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CONCLUTIONS: The method established in this study can effectively eliminate the interference of matrix

elements molybdenum and tungsten on Re quantification without introducing new interference elements. Compared

with the existing “digestion-separation” process, the method is simpler and faster (shortened from 8-12h for one

sample to approximately 1h) and the method has been successfully applied in molybdenum ore, rhenium

molybdenum ore and tungsten-tin bismuth ore. This study proves that interfering instead of target element

precipitation is feasible and provides a simple, fast and low-cost method for accurate quantification of Re in

complex ore.

KEY WORDS: Lefort aqua regia microwave digestion; 8-hydroxyquinoline precipitation; simple and fast;

tungsten and molybdenum ore; rhenium
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