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Table 1 ~ Analytical results of elements in samples dissoluted by four — acid digestion and three — acid digestion with different
hydrochloric acid dosage
U P i i 1
TR FrRUE(E £hFR (5mL) Eh% (10mL) AR (15mL) £5% (20mL) EhR(25mL)
Mttt Y o e o o o e . i o "
(%) s OB | BUEELORDUBORE | BUEE OB | BRI B | BUEE MR
U (%) (%) (%) (%) (%) (%) (%) (%) (%)
w 0.390 0.321 -18.0 0.340 -12.8 0.361 -7.69 0.380 -2.56 0.373 -5.13
Mo 0.056 0.043 -23.2 0.046 -17.9 0.048 -14.3 0.053 -5.36 0.051 -8.93
Bi 0.120 0.071 -40.8 0.080 -33.3 0.099 -17.5 0.115 -4.17 0.103 -14.2
= RIA A
-~ bR (E #hiR (5mL) W2 (10mL) #hiR (15mL) W2 (20mL) #hiR (25mL)
TR (%)
e ARXTERZE | WE( ARXERZE | MDEE O AINERZE | WDEE AR | WEME AR
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
w 0.390 0.311 -20.5 0.330 -15.4 0.343 -12.1 0.360 -7.69 0.357 -8.46
Mo 0.056 0.041 -26.8 0.044 -21.4 0.048 -14.3 0.050 -9.12 0.049 -12.5
Bi 0.120 0.070 -41.7 0.076 -36.7 0.092 -23.3 0.109 -9.17 0.101 -9.50
2 DUBRINRIL TS AR LS R
Table 2 Analytical results of elements in samples dissoluted by four — acid digestion method
R - PERIR AR 25mL, 1 @2{ ﬁ?&@& A2 20mL, 1 @2{ ﬁ?&@& B 15mL, | iR - LR 10mL,
Bef AR - FHIRIR AR Sml, ~THRIR G IR Sml, | =5 - IR AR SmL, E%ﬁ@ﬁ—ﬁﬁﬁ& A/ SmL,
FRoTR (%) $hR 20mL $hR 20mL $hR 20mL 07 20mL
MR (%) HRORS MR (%) HRCRS MR (%) HBCRS MEM (%) EBARZE
W 0.390 0.351 B 0.380  grgne| 038 grakae| 039 N
Mo 0.056 0.051 7{%‘22;{%? 0.053 YLEERESE | 0.050 VLREMESE | 0.048 ;’;22?&%
Bi 0.120 0.081 e 0.115 Wil 0.093 el 0.086 e
3 SRR AENASR
Table 3 Analytical results of elements in samples dissoluted by three — acid digestion method
g 25mlL, Ehig 20mL, Ehg 25mlL, PR 25mL,
FREf - FSRIR AR SmL, - WSRIR AR SmL, - WSRIR AR SmL, - THFRIEATR SmL,
TR (%) 2 20mL 2 20mL 2 20mL +h 12 20mL
MEE(%) BBRA | WER (%) BBCRA | MER (%) BR[| MEE (%) R
W 0.390 0.290 Je R R E 0.342 - 0.372 - 0.336 -
SN 5 KA EIURE KA EHURE KA ETTTE
M 0.056 0.038 ULIE 0.039 Sy e 0.046 S vk S 7k 0.039 s
? o (’Ef/ﬂz”m £ 7 W U £ 7 W VL 4V s IR
Bi 0.120 0.073 W 0.080 0.087 0.071
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2R R A0 M 2 4 1 239. Tnm 202, Onm FI
223.0nm,
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FRE AR SR 5 2R, DU TR T fff 12 6 453 B L Bk 1) 28
PEA R R £ 0.9999,

Fi LI T 0 A5 N IRGE 2L AT 11 UallE |, DA
T 7 25 SR 1 = A5 s v A 25 3 AR B 1R+ (2000 ) 3
STV R RO SR AR XA A L B Y
5t BE 43 514 :0. 0087 % 0. 0065% 0. 0095% ; PU iR
TR T8 X #5 4H L Bk i A PR 43 12 0. 0027 % |
0.0024% .0.0037% . I UL DY 2 i fif 1 0 A o B
AR, RN ESWRE T 28R Er b &
JCER MM E Tk R <0.01% 2K,
2.4.2 PRI AR TR ER RS S Y H A

SR I T A ) R B RORS % R,
SR FH DU P RN — TR A v X S [ IR P A o 4
712 YOI, M e 25 RNk 4 iR, 4533k

F4 VURSRI = RRT R0 A SRR s MR s R

H < DU PRI ot 12 ) 0 (L 55 s A B Ry 4200, 4 V5
AN IR ZE R —5.36% ~ —1.39% , FHXT A5 1 g
7% (RSD) ¥ <4.18% ., M = R fiffe 72 1) 0 o (L A
Pt B BRI AEL, HL AR AR il 22 (RSD) 2 5. 519% ~
12.3% . AT UL, DU TH fife 3% 0 v 0ORS %% B5 1 g
R S A a1 B
2.4.3  PAFPIF AR R SRR EDSCR ) H
ST HE 2 LA R A s i e R R Y
PR RN = IR T i 125 43 %o 80 e S b X1 22 43
AR L (FESL S NT ~ N6) 4T b [l %
S ME LSRN S Fin . S5 RRE  DURRIE AR
AL B St 00 S B AR [T R B AE95. 0% ~
103. 0% Z [i], = R {4 fift 12 W A [n1 IS 32 7E 90. 0%
~111.0% Z[8] . #% AT 20 B 225K 45 50 VB0
PR AE 95. 0% ~ 105. 0% 2 i), 6] U DU iR 7 f
BT SEBRAE A B B IR TS ROCR LT =R
TH R W oy, B S A Tl A BT R

3 &g

KAL) A DU BRH Ak 45 5 1CP - OES 53
Z BB R, BERE— U [R) I R 5 40 B
ZFOTR . ATTEMIE TG Gk AR IE ST
%, BRI TR R BE TR T R R op G B
FIAT BRI, AESE MR R e, I E S VB VB AY
HERREE A S

BT U B ATEAR G S R AR R 2
TLER AT, LS PRGN R A R A, REA R0
fifp R LATE A U3 S 7 AR | R S M LA
AEAT AR T A KA TR AL, B2 1 AR, A
SEPRRE AR AT PO T B OR X 2 R AR
FEUEICR I RN BA S %5 T

Table 4  Accuracy and precision tests of the four — acid and three — acid digestion methods

A VO PR T 7 1 =R
ﬁ‘?{f%ﬁ =B — v NTRpE. N .. — S N ”.
s FOTR | AR CERIEM xR RSD PR OPEIMIEM AR RSD
(%) (%) (%) (%) (%) (%) (%) (%)
1R3SS w 0.390 0.381 -2.31 1.66 0.390 0.359 -7.95 5.51
. Mo 0.056 0.053 -5.36 4.10 0.056 0.050 -10.7 7.87
(EEDHE) ,
Bi 0.120 0.114 -5.00 2.85 0.120 0.107 -10.8 8.07
w 0.360 0.354 -1.39 1.20 0.360 0.336 -6.67 5.12
33M 7035 -93
Mo 0.045 0.043 —-4.44 4.18 0.045 0.039 -13.3 12.3
(D) .
Bi 0.110 0. 106 -4.55 2.91 0.110 0.099 -11.0 7.11
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Table 5 Recovery tests of the samples dissoluted with four — acid and three — acid digestion methods

) U P i i 12 =R R
R FHINICER i 5 A Az IEEYS] [l e 7 1 Tz IEEHS) e
g | OOVR | WER URRR WM ECR | W whERE WAREEE ik
(%) (%) (%) (%) (%) (%) (%) (%)
w 0.340 0.390 0.734 101.0 0.340 0.390 0.755 106.0
N1 Mo 0.045 0.056 0.102 102.0 0.045 0.056 0.098 94.6
Bi 0.100 0.120 0.218 98.3 0.100 0.120 0.212 93.3
w 0.350 0.390 0.748 102.0 0.350 0.390 0.717 94.1
N2 Mo 0.052 0.056 0.105 95.3 0.051 0.056 0.104 94.6
Bi 0.110 0.120 0.231 101.0 0.110 0.120 0.220 91.7
W 0.380 0.390 0.762 97.9 0.380 0.390 0.805 109.0
N3 Mo 0.047 0.056 0.105 103.0 0.047 0.056 0.099 92.9
Bi 0.120 0.120 0.235 95.8 0.120 0.120 0.229 90.8
w 0.360 0.390 0.746 99.0 0.360 0.390 0.727 9.1
N4 Mo 0.043 0.056 0.097 96.4 0.043 0.056 0.103 107.0
Bi 0.100 0.120 0.214 95.0 0.100 0.120 0.208 90.0
w 0.400 0.390 0.798 102.0 0.400 0.390 0.813 106.0
N5 Mo 0.046 0.056 0.104 103.0 0.046 0.056 0.098 92.9
Bi 0.110 0.120 0.224 95.0 0.110 0.120 0.243 111.0
w 0.410 0.390 0.788 96.9 0.410 0.390 0.831 108.0
N6 Mo 0.048 0.056 0.102 96.4 0.048 0.056 0.110 111.0
Bi 0.130 0.120 0.244 95.0 0.130 0.120 0.238 90.0
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Comparison of Two Different Sample Digestion Methods for Determination

of

Tungsten, Molybdenum,

and Bismuth

in Polymetallic Ore by

Inductively Coupled Plasma — Optical Emission Spectrometry

DANG Ming — ming' , YANG Ping'

(1. Department of Resources and Environment,
Zhuzhou 412000, China;

2. Quality Testing Center, Hunan Shizhuyuan Nonferrous Metals Co. ,

HIGHLIGHTS

(1) The traditional single element analysis method was improved, and tungsten, molybdenum, and bismuth in the

*, LEI - Yong® , WEN Zhi

Hunan Nonferrous Metals Vocational and Technical College,

> ZHANG Bi - lan®

—min

LTD, Chenzhou 423037, China)

samples were determined using open acid digestion combined with inductively coupled plasma — optical

emission spectrometry (ICP — OES).

(2) Tungsten, molybdenum, and bismuth in samples were completely digested by a HCl - H,PO, — HCIO, — HNO,

system.

(3) The developed method significantly improved the analysis efficiency and was accurate, reliable, and suitable

for the batch detection of multi — element ore samples.
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ABSTRACT

BACKGROUND: Currently, tungsten, molybdenum, and bismuth contents are mainly determined by the
traditional potassium thiocyanate colorimetric method and EDTA volumetric method. These methods are based on
single — element analysis, which has a complicated operation process, low analysis efficiency, and long detection
cycle. It is difficult to meet the requirements of accurate and rapid determination of many samples.
OBJECTIVES: To improve the traditional single — element analysis method for the determination of tungsten,
molybdenum, and bismuth in polymetallic ore.

METHODS; A rapid method for the simultaneous determination of tungsten, molybdenum, and bismuth in the ore
sample was developed by comparing the two digestion methods of HCI — H,PO, — HCIO, — HNO; and HCI - HCIO,
— HNO,, and was subsequently combined with inductively coupled plasma — optical emission spectrometry.
RESULTS: Tungsten, molybdenum, and bismuth in the sample were digested more thoroughly using the four —
acid digestion method with a reasonable addition of phosphoric acid. The relative error between the determined and
certified values of each element ranged from -5.36% to —1.39% , which indicated higher accuracy. The relative
standard deviation was <4.18% , and the detection limits of the method ranged from 0. 0027% to 0.0037% . The
method was employed for the analysis of actual samples of the polymetallic ore from a certain area in Chenzhou,
Hunan Province. The recovery of each element ranged from 95.0% to 103. 0% . All the technical indexes were
better than those of the three — acid digestion method.

CONCLUSIONS: The developed method significantly improved the analysis efficiency and gave accurate and
reliable results. The method has been verified by actual samples and is suitable for batch detection of tungsten,

molybdenum, bismuth, and other major and trace elements in the polymetallic ore samples.

KEY WORDS: polymetallic associated ore; four — acid digestion; three — acid digestion; inductively coupled

plasma — optical emission spectrometry; tungsten; molybdenum; bismuth
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