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Simultaneous Determination of Minor Tungsten, Tin and Molybdenum
in Geological Samples by Inductively Coupled Plasma-
Atomic Emission Spectrometry

SHENG Xian-zhen, ZHANG Han-ping* , LI Zhan-giang, LI Hai-ping, HE Guang-tao
(Material Testing Center of Guangdong Province, Guangzhou 510080, China)

Abstract: A method for the simultaneous determination of tungsten, tin and molybdenum in geological samples
by inductively coupled plasma-atomic emission spectrometry ( ICP-AES) have been developed. In order to
eliminate the matrix interference from coexist elements on the determination, the sample preparation method was
studied. Samples were digested by HF at low temperature to remove silicon as volatile SiF, and the residues were
decomposed by alkali fusion with Na, O, followed by extraction with hot water and acidification with diluted HCI.
W, Sn and Mo in the sample solution were then determined by ICP-AES. The linear ranges of the calibration
curves for each element are 0 ~30 mg/L for W, 0 ~40.0 mg/L for Sn and 0 ~40. 0 mg/L for Mo. The precision
(RSD, n=12) of the method are <10.80% , <6.67% and <8.33% for W, Sn and Mo, respectively. The
method has been applied to the determination of tungsten, tin and molybdenum in National Standard Reference
materials and the results are in agreement with the certificated values.
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A T T BAR S B T Bl R E
7 W .Sn Mo f & HA TEE R X,

B W.Sn Mo B 5E , % T & & & 19 Sn,
FUE B w R 0. x% UL B R, REZ R &
W WO BERRGNIE IR — B B 2 0L R R A
J5 - R D R A R Sn, R w N
0.000x% ~0.x% , R F Lotk e R &AL U
B RS - CTMAB™ | 2 9% 6 il 46 3 ) )l JiE
ERL XEET A R W, Mo 19 4 L, TR 4y Bk
w <0.05% W}, 28 K FH A B — B SUIR R 6 B k|
Wit 40 ik e Ty i S R I IR 4 4 B,
FAR FERHS R AE VLR A 7 5 RIS, B
BB A5 B R R G TE (ICP - AES) R AR
15, KB BT, AT 2 0 R [ B , bR th 2 e vk
B S8, W R, 892 I AN (] 4 4 4%
URE S AT

ARSCAES 28 M 5 SCHR IR FE Al B, £F %5 W Sn |
Mo i & 43 40 w 2 0. 000x% ~ 0. x% [ Hb [t #¢
i XTI AT TR 5ok, 04 R |
SRR I A TR 4 SR RO i 0 R S L 1
SR, B T 6 ICP - AES ¥ RIHIE W
Sn Mo [ 434 5548, fif o T B lifilbss £h /0 4o ey L
RS T RN TS W AL IR RR AT TR
HERA , BRI A M k22 ik

T
L1 UK TS

ICP - AES Optima 2000DV 4% B 3248 5 T4
RHHEIEAL(SEE PerkinElmer 24 w]) , {0 TAE 4%
ELE 1,

I F AR T
Table 1 Optimal operating conditions for [CP-AES determination
ZH BUE ZH BOEH
HpRIES 1300 W B[] 2s
BHA(ADFiR 15 I/min AR THE 1.5 mL/min
FBR(AD A 0.2 L/min MR 2
FHA(An)E 0.8 L/min sy WETET AR
JESR PR ) 30s

1.2 bruERI 245
AR HERR B p (WO5) = 500 mg/L:
FRHX 0. 5000 g FiSetE 500 C D3 rhybe 1 h Jf
E T TR R A R4l WO, , BT 250 mL BEAR
— 384 —

HL A 100 mLL 30 ¢/ L NaOH V3K, IFATE it , 12 21
J&, VA 30 ¢/L NaOH F% A 1000 mlL 2553 o - H B
BN Ao TRV AT SERDI R RAT

BbRUEAE 25 W p (Sn) = 500 mg/L: kB
0.5000 g 4:JE85(99.99% ) , & T 250 mL EE#R,
B 50 mL ¥ HCL, IR RS i o6 2 J5 , 18 30, %
A 1000 mL 2 i, il @ =20% (AR08, T
[F]) /) HC #2201

BH bR UE i A5 W p (Mo) = 500 mg/L: FR B
0.7500 g TiefE 500 C By lybe 1 h 2 F T
PRASHR A E 2 MoO, , B T 250 mL FEpRH A
100 mL 30 g/L NaOH ¥, I#AGE i, 2 20 )5, DA
30 g/LNaOH A 1000 mL £ P 3R &
ZIRE FE5T o ST EVEE AT IR BRUI P AR AT o

WO, .Sn 1 Mo {R G FrHERE W 1 (WO, ,Sn Al
Mo 454 50 mg/L) : 47 I 10 mL |3k WO, il
Mo [ hR HEfiff 2 V5. B 1 100 mL 25 )i,
20% ) HCL 75 B 2 70 wl £245 , P43 B 10 mL b3k
Sn bRUERB AW, BT ULA IR, H 20% (¥ HCL
i) pen P G A [ T

WO, .Sn Fll Mo JR A ARHERE 1T (WO, Sn Al
Mo & &450 5 mg/L) : L 10 mL f) WO, . Sn Mo
REIMER® 1,5 F 100 mL 2554, H 20%
(1) HCL i B 2 20 B o it FH I S il o

HF HCI ¥ A4 4t

Na, 0, Na, CO, ¥ A4 Hr4li

B ac oK (HIBHAE =18 MQ) - cm) ,

EAE (R > 99.99% ) .
1.3 brifEilhgk

§20.00.0.50.1.0.2.0.5.0.10.0 mL [ WO, .,
Sn Mo {BA PR HER IR I (5 mg/L) , 735 8 T 6 X
50 mL 25 5 b, AR 25 1 VO R A 4 B
PE5), BEL2.0.5.0.10.0.15.0.20.0 mL [ WO, .
Sn Mo IR EARERIK 1 (50 mg/L) , 735l & T 5 3
50 mL 25 s ff H, DARR) 25 0 VR R 2 4 B,
$E5], WO, .Sn Mo [ & &5 T2,

#2  pwifeihZert WO, .Sn Mo & &
Table 2 Concentrations of WO, , Sn and Mo in standard solutions

i) py/(pg - mL™")
W05 0.00 0.05 0.10 0.20 0.50 1.0 2.0 5.0 10.0 15.0 20.0 30.0
Sn 0.00 0.20 0.50 1.0 2.0 5.0 10.0 15.0 20.0 40.0

Mo 0.00 0.05 0.10 0.20 0.50 1.0 2.0 5.0 10.0 15.0 20.0 40.0
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TEHRER A5 - LI B 5 B 1 P R S DY 8V [ I 000 7 3 e i

T A 29 %

1.4 S285 5k

FEAR) & HARIL 0. 1000 ~0. 5000 g i THI
T (B A IR) o, VKR, SRR
/NCEIN S mL HEF PR INAZE & 208 T (R
MREEZY 130°C) , FIZK st e B , B A 10 mLL HF
(BLE BB IR B THEE 160 °C 2247, INERGE TRkt
ETEETIR A, A1 g Na,0, (5 Na,CO, ) , ji
AT 2 600 °C B g Jrrrfr, 4k Al 22700 °C
PRI 1S min, B RS2 A0, BT IRE T 150 mL 4%
AR, i 30 mL #A0K, 35 R, BT 250 °C Hi 4
M b, 0 R AE P IS BCT , K nh g AR BE K %1
I, R SA 10 mL HCL fR Ak, AFAAY 2% HCI i3
HHB IEA G B A 50 mL 2550, AKH: B
)= e I T L G R

2 HER51HE
2.1 KR R

HAR G PRI IR, EE M S0 Y2
£1(Sn0,) . B A WEE , NABY T HC1 HNO, L K&
FKS S HR BT T HNO, IS, 437 H e
W B - BIRUIE . BRI BT A
DR R TE 4o B RTES BT A, A BT
"B PR 5 750 47 il 4 i R L 1 Na, O, \Na, CO, |
Na,0, — NaOH 257"

W) Hh I AE A /Y SiO, JiT i 43 8L w 7E 5% ~
70% % 5 , 13VRE HP IR ER 43RG 78 by Na, SiO;
HCl Rk )5 A2 B 10 H, Si0, LUK R S AEE T
VR R I g W, WA T E A Y
H, Si0, I IR, 1™ B W FfF W Sn Mo S84l T %=
JEHIEXT Mo [R5 [ BsF i He e s .25 g 52 e A
B AR a2 W IR, e HF
IRIEAMRRAE 4 Si0, L) SiF, ITE R B 2, 26T
JERIAR Y5k A AT

AP BI 8 FE TSR P AE
Mo XFHA - ZE&IRT YR, 5T Na,0, /2
— T A A A R ) B ), R B A AT AR
A0 KBk 45 X 23 B R A R R A
Na, O, VE Ry 43 A0 RE 1455 700, LA 393 8 43 i ik
FER A B8, SCIGAEW], 48 HF 20 fitlR Si &, A
Na, O, 10FE 1] LB 43 7 56 450 AN & 22 Ak 2 W %
W e,

XTGBT, B T X K
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FEEAEI A T HE J3 B Si i, 25 5 45 IR %
R 2 o3 i SOR o AR SRR B ik HCL, ¥
KRS AT T HCL Wk Py e, /b o 5k i D%
Jo EE [RIDEARE T W s P, 550 CORAB K B2, HE
SrRRER SiJE, Na, O, KRl , FHS AT G IF

XTRERR S A A K, ik A BBk A
g gk K L SR, W Sn Mo i fE B w Ol
0.000x% ~0.0x% , fH T9 I 762 & A%, 7T LAl
FHEA 4 3t B, HE 23 f# B Si J5, A Na, CO; T
950 ~ 1000 C Eh gl e, iCRE iS58 42
2.2 IEFINE

K HI ICP — AES YA A ft i, 15 00 10 4k 70
b, AR 2 i 2R . SCI R, R
INT0.T g I FE SR IE I A 58 4, BRAL IS TR T
Hh R L BR80T R P AR 0.7 ¢ LA I,
TRE AT LA i 58 4x 0 ASIRJE R B 4 i 2 0. 7 ~
1O g, i H R IR EE AR TE 1% ~2% |, SEFREN
BT 10 mg/L Aty RS2 500 . A3
£ Na,0, Na, CO,  HEH N 1 g,

2.3 JEFET]

Z UG R, JERE TR, 1R I AN 58 4
]G, BRI . X5, T Na, O, J5 R, 75
700 C -} 78 15 min; [ Na, CO, ¥4l , 75 950 °C B}
15 25 min,

2.4 LRIRAYHRIE

M W . Sn Mo Ry i, 1030 e HCL
HORITR . SEERAT RN, LR B U Y IR U Y, A
10 mL ¥ HCL, " FIRRAL 5 W BN T TG o ANk ik
ik HCI Fl 524 10 mL,

WO, Sn FI Mo 3l iy, HCL #& &%) Sn il 7 5%
M KT, MU EMmAKAT, Sn® " Bk i, T 1
FRUTHE . SEIASHEN , TERA & RYARE T 25 FEl A, HC
W& <0. 60 mol/L i, Sn FI % B B AWK, WO, |
Mo RN E () PR A7 AR s HCL R BE > 3. 0 mol/ L,
WA ST, S EOEEARE . I, HCL R
FBARAEE/NT 1. 2 mol/L, fx KAREME T 3. 0 mol/L,
ZSL 5 HCL e A5 4957E 1. 80 ~2. 4 mol/L,

2.5 Frdth ey wers

LI, AN S pAS HY R AT, ST 3R Sn 9 R
B BSARR e v ot 2 e AP 9 2 TR i) A RE IR T 0. 20
pg/mL, 1 1.8 ~2. 4 mol/L HCI fy4\ i, WO, 11
WL e R M 30 wg/mL, R WO, ¥
JERE R B IR A Gyt AN T E o
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SRR AR IR R 20, LU T IR R
3R A AR LT 2R A Z R X I T 3R 15— R A
LRAFAE TN, A SR e T A AR B 2D e
HHEE— R AL, W 207. 912 nm Sn 189. 927 nm Mo
202. 031 nm, 5 5AL BB TR A A PN
2.7 Kb

AR S 20T, g WO, M FE7E 0 ~ 30
pg/mL FlI Sn Mo ¥ FZ7E 0 ~ 40 pg/mL YR 5 HRIHE
ik, RMESC AR R AT, R R B R T 0.999, %
T L BRI 25 B 12 6y, DA 3 A bRt 22 (3s) e
DIRE i i B RO T A R (L)) L85 R 81 T35 3,

#3 Khm
Table 3  Detection limits of the method
py/(pg - ml. ™) Rt Ly
il
SR E FME FRERE (pgeg ")
0.025 0.044 0.054 0.056
WO; 0.028 0.035 0.027 0.048 0.041 0.012 3.6
0.059 0.043 0.030 0.043
0.054 0.025 0.049 0.056
Sn 0.027 0.084 0.075 0.055 0.053 0.020 6.0
0.052 0.031 0.045 0.079
0.0069 0.0022 0.0095 0.0051
Mo 0.0045 0.0026 0.0075 0.0023 0.0055 0.0025 0.75

0.0067 0.0090 0.0057 0.0035

2.8 H®E

XK R VR Y E K — Gbn Y T GBW
07303, GBW 07311, GBW 07312 I 7 % 45 # #f
BO55 \BO62 , SR AL MM 8K, 3 Uik AT 12 il
o A4 G RRW] NG H E (RSD) O 2.43% ~
10. 8% , FF 3 93T 2R

%4 WEEAS
Table 4 Precision test of the method

GBW 07303  GBW 07311  GBW 07312 BO35 B062

Eili

wg/% RSD/% wg/% RSD/% wg/% RSD/% wg/% RSD/% wy/% RSD/%

W05 0.0012 10.8 0.016 4.95 0.0045 8.80 0.46 2.43 0.61 3.1
Sn 0.0036 3.24 0.0056 6.67 0.26 5.35 0.0034 3.62
Mo 0.0087 6.55 0.0006 8.33 0.0009 6.84 0.001 8.36 0.079 3.49

@ wy 2 12 Y 1P H91H

2.9 fEmE
R T KGR AS L R MERR B, XK R UTRRY) K —
FARVEY) R GBW 07303 .GBW 07311 .GBW 07312

— 386 —

FIA 2 A AL BOSS \BO62 , #& A L4 P IR EAT 17
12 IR EC XSS, I RE T A ) 1 249 45 SR 24 -5 o o (L
—H(WES) .

s MIEAS"
Table 5 Accuracy test of the method
w(WO05)/% w(Sn)/% w(Mo)/%
e i 5
PRUEME WE(E  fRMEE WEE pREE W
GBW 07303 0.0092  0.0087
GBW 07311 0.016  0.015 0.037 0.036  0.0006 0.0006
GBW 07312 0.0047 0.0045 0.0054 0.0056  0.0008 0.0009
B055 0.48 0.46 0.27 0.26 0. 001 0. 001
B062 0.62 0.61  0.0035 0.0034 0.082 0.079

@ BO55 \BO62 Jy A< 2 4 ke, HAUR 25 {H

3 g5k

Ji HF - Na, O,, HF — Na, CO, 4 fi# £ &,
ICP — AESIIE Hu BB &l Uk B W, Sn Mo, AL fift
Yo TGS R AR R 52 W Sn Mo (14 e B2, 1 FL
A AR B P R0 P, 7 B PR fRT B, &5
WER TT S, O VE T WO, 0.00x% ~ 1.0% ,
Sn 0.00x4% ~1.0% ,Mo 0.0005% ~1.0% , 7] L)
JEAS Rl JFORE R UCRE WL Sn Mo B E SR
Pk O TSR P S T W R

4 BE LK
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