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Table 1  Concentration of the elements in calibration standard
solution

BRI N TURWE W
5 PRbCR (ng/ml) AR

PRETAR IR 1 Ba,Co, Ni, Cu, Pb, Th, U 20 3% LR

WRUETR TR 2 Ti,Nb, Ta, W 20 3% LR

FRAERW 3 La, Ce, Pr, Nd, Sm, Eu, Y 20 3% LR

PRUEVE 4 Gd, Tb, Dy, Ho, Er, Th, Yb, Lu 20 3% LR

T BOEPR BRI Oy — A~ H o Ba Ti A THCE, TR
TR

2.3 GUGFEN

B A E R FREY B GBWO07281 . GBW07282,
BRI A AR Y BT GBWOT370, B)KS A 1 A% HE
)i GBW07231 .GBW07232, 2 {FAHIEE M :Sn -3
(Sn 5 H6.37% ) Sn—5(Sn &5 20.83% ), Hp
GBWO07281 H1 GBWO07370 ) ot % & {H & £,
GBWO07282 () J& % & {H % /b, GBW07231 i
GBW07232 JL-F- A i AR RET R M (. A
it AR GO0 2 A 80 8 A 1 A HE )
GBW07282 .GBW07231 , GBW07232, ¥ 17 T 5 W 1o
D5 0 X 55 E S5
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25 mL, 43HC 1 mL RS 4 mL, B 1F ICP - MS
M
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Table 2 Removal rate of tin by ammonium iodide with Pt as

catalyzer
. Sn Fi WULERRBIE Sn EE BIEERE

EETETR
(%) (ne’g) (%)
GBWO07281 4.47 32.05 99.9
GBW07282 1.27 27.3 99.8
Sn -3 6.37 1367 97.9
Sn -5 20.83 427 99.8
GBW07231 45.8 1711 99.6
GBW07232 62.49 4313 99.3

3.1.3 bR

SCHR[ 12 1A SHL e RN TE 3 ~5 g,
IMAFAZZAEREAL TG , I T B, Bk e 1) 42
ZA A A T WA TR B R, R
A REE D AL B 1 FH o5 (RN R A L B S 2
SR AT (A 58 443 ik, PRI T T LAk A P A S

FREL 100 mg £ 6 £1 AR W) i GBWOT7281 4% 6
0y Ay B S R R 10 5 ~1 2 10 JF475E5,
RITE 15 mL A5t b, 435 A 500 mg 600 mg
700 mg.800 mg.900 mg.,1000 mg Rk %%, 7E 450°C
bR o e 2.4 19 IS 05 o AR L ICP — MS
FEo M3 LIRS FORE A 5 BIb B FH i He
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915,80 100 mg A 1 im A 500 mg Ak 2wk A]
LR BIRCR , Sn 12 BR 3585 99% L I,

AEdFHFELENE Y A0 0EY R
GBWO07281 (1) Sn F il 4.47% 2l T4 KI5k
o FIYE [, 3 2o 5255 & I 100 mg A5 0 A5 HE ) T
GBW07232(Sn &5 62.49% ) FimA 1.5 ¢ b4,
Sn {ZBRFIES] 98% LU b, RIILHIELE 100 mg ik
FEN 1.5 ~2.0 g bz,
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Table 3  Experimental results of GBW07281 with the dosage of

ammonium iodide

WE fE (pe/g)
IEH

TR OB R B B R B
(pg/g)
1:5 1:6 1:7 1:8 1:9 1:10

Co 27.19 26.47 26.94 27.25 26.96 29.10 26.2+2.1
Ni  83.87 80.06 80.62 80.50 78.97 84.24 70.9 +5.4
Cu 2671 2749 2729 2829 2731 2765 2600 =100
Nb  44.75 45.43 47.26 46.21 49.58 46.9 46.9x2.2
Y 31.52 30.71 30.35 31.36 30.67 31.69 32.1+1.3
La 31.96 29.89 30.34 30.18 30.21 31.70 45.3+1.8
Ce 61.29 59.46 59.88 59.13 61.31 61.80 87 =+3.5

Pr 7.76 7.42 7.53 7.44 7.49 7.69 10.8+0.7
Nd 32.10 30.37 29.51 29.46 30.21 32.03 39.9+1.9

Sm 8.66 8.47 8.43 8.27 8.383 8.68 8.0x0.4
Eu 1.99 1.92 1.92 1.86 1.93 2.00 1.8+0.1
Gd 7.36 7.92 7.86 7.64 7.86 7.09 7.4x0.6
Th 1.32 1.26 1.24 1.25 1.22 1.30 1.1+0.2
Dy 7.20 6.89 6.84 7.00 6.87 6.97 6.7+0.8
Ho 1.41 1.35  1.29 1.32 1.34 1.38 1.3+0.2
Er 3.89 3.90 3.70 3.80 3.87 3.92 3.5+0.3

Tm 0.55 0.52 0.53 0.52 0.54 0.53 0.57+0.08
Yb 3.47 3.42 3.16 3.28 3.36 3.39 3.3+0.3
Lu 0.53 0.53 0.48 0.51 0.50 0.52 0.5=%0.05
Ta 15.38 15.39 15.57 15.70 15.91 15.95 16.2+1.1
W 614 627 677 670 693 686 680 +50
Pb 26635 26863 26335 26605 26525 26523 27200 +700
Th 17.05 15.75 15.98 15.50 15.72 16.10 -

U 32.36 32.23 30.30 30.68 31.10 31.19 -

T =" FUR N BV EL, kT A 3R 22
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TG B 5E 45 AR
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WIRCEPERSEER 255,20 ng/mL [ Nb \Ta W 7£ 3%
FR A B Refe e R — 1 H 5% 20 ng/mL Nb |
Ta W FFRUEZSIRTE 5% WIRSER A o 3 H 2 7E 12
b (1 B ] PN 2 AR K R T DA — B A T
FESRET, FH 30% 812 5% AR 5 T IR A LAY
10 g/ mL BER AT EUH LA

ZEA VL GO, 555 1 8 A8 7 i 50% 1) 4R R
B PRI W R T ICP — MS U .
3.1.5 Tk

P2 T R o [ A A [ o S 46 3R B4R
e T " Ni 52 " Ca° 0" 1y T ,” Cu Z 3
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141 PI‘O +§Fu|4l CeOH + E/‘J:I:jjt,ISQTb %%I‘VGI Dy\]63Dy[/y\
KN OR T, i, PR TR B ICE W
HERRIN AR 7 A . AR T AL
FBR AN TP R BB AL B T PR O =, X2 T
YLy Ni ,Cu Eu Gd \Tb FEI0 R A7 THA0FR
3.2 JiiEVEOr
3.2.1 JrkktR

PR 2.4 T SERG IR TR E I TAESE T, LA
10 ng/mL (W88 BRIR ST AR A, 3% R R A
J, 6 11 R A RE 25 (45 BT R AR HE R 22 (s) , A
10 fEbrifEfR 22 . 1000 f5 5 BEAE 50T 5 24 A0 R W
R B 0.001 ~2.9 pe/g, REIEIHE R B0 A TP AL
HITRMEZRK,
3.2.2  JriRONG R BRI MERA R

TE[F— S8 %, i A — A i AR A A, 4%
AFEMEEHEHLEBEZHE U G s ED R
GBWO07281(Sn F it 4.47% ) G50 A bn ey ot
GBWO07370(Sn &1 9.56% ) {1 24 MR ILE,
6 VRN 5 H5 4 (4 AR X A v O 22 ( RSD)) FHAF 152 25 WL
F4, CEMEMITTEMNE B L HRFE 15 25 2K
FRL N, DRSS B0 25 SR B, BR T 4o & (i
Th ) B F ARG, ) e 5 S AE A BR B3, R 2%k
JCE M RSD #B/NF 5% AHXHRZEH /N T 10%
3.2.3  5iE - B S S B IR BTk Y H T

ET TR, T B e A R AR
BT TR B R AR oo R e H A 5
WA EAE B bR HE Y i GBW07282 . GBW07231
GBWO7232 647 T IR AESE S ot Tk A AL sl ol
155 B AL 3 BUS M3 WA e EL#E ] ICP - MS
ML, R A A R S IR T AN R A U
FE T LASE R R F Ao S8 AL B i 2o U R R B BT
VEJG F ICP — MS il Herp g 4 B DL K Ff £ o R
(HAth 7 A0 Z92 0806 7 2 AN BE VBRI 2 , SCHP R
G 5 AT R N 45 AT EE X . S BR 45
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Table 4  Accuracy and precision tests of the method

o GBWO7281 (84 1) GBWOT7370 (#4540 1)

T T pye) RSD(%) I (pere) HAELE(%) WA T (ne/e) RSD(%) NEM(pe/e) HINHEE(%)
Co 27.3 3.3 26.2+2.1 4.3 2.81 5.1 2.62+0.22 7.3
Ni 75.4 2.7 70.9 £5.4 6.3 9.6 4.9 10.2 +1.1 -5.9
Cu 2746 1.9 2600 + 100 5.6 2327 1.9 2290 +110 1.6
Nb 45.43 4.8 46.9 2.2 -3.1 1.72 6.1 - -

Y 31.1 1.7 32.1+1.3 -3.3 3.86 3.1 3.6+0.34 7.4
La 41.7 2.9 45.3 1.8 -7.9 9.53 8.0 10.4 +0.8 -8.4
Ce 81.5 1.9 87 £3.5 -6.3 16.11 5.9 16.9 +1.1 -4.7
Pr 9.85 1.82 10.8 £0.7 -8.8 1.75 4.3 1.84 +0.13 -5.0

Nd 36.6 3.86 39.9+1.9 -8.3 5.79 4.9 5.9+0.5 -1.8
Sm 8.48 1.9 8.0+0.4 6.1 1.05 3.5 1.1+0.09 -4.9
Eu 1.84 2.74 1.8+0.1 2.4 0.14 2.6 0.14 +0.01 0.7
Gd 8.05 2.55 7.4+0.6 8.8 0.94 3.4 0.96 +0.13 -2.1
Th 1.17 3.12 1.1+0.2 6.7 0.12 3.5 0.14 +0.02 -14.0
Dy 6.96 1.87 6.7+0.8 3.9 0.7 4.1 0.7+0.05 0.4
Ho 1.35 3.08 1.3+£0.2 3.6 0.12 5.4 0.13 +0.01 -9.0
Er 3.85 2.15 3.5+0.3 9.9 0.39 3.1 0.39 +0.03 -0.8
Tm 0.53 2.1 0.57 £0.08 -6.4 0.056 4.3 0.065 +0.007 -0.7
Yb 3.35 3.31 3.3+0.3 1.5 0.4 5.2 0.44 +0.03 -9.2
Lu 0.51 3.72 0.5+0.05 2.3 0.070 8.2 0.073 +0.008 -3.8
Ta 15.9 1.57 16.2 1.1 -1.9 0.13 5.9 - -
\4 693 5.18 680 +50 1.9 293 4.4 320 +70 -8.4
Pb 26581 0.65 27200 +700 -2.3 20359 0.6 20800 +400 -2.1
Th 16.02 3.44 - - 0.84 5.6 0.83 +0.09 1.2
U 31.31 2.65 - - 30.49 1.5 29.8 +1.2 2.3

TE: " =" IR B A E ([ Jok i AR 22
5 ARTFIERBREE LI 85 R e
Table 5 Comparison of the analytical results determined with the method and alkali dissolution
GBWO07282(Sn &+ 1.27% ) GBWO07231(Sn &+ 45.8% ) GBW07232(Sn &4 62.9% )
JER ENVIRES TR HAXFiR 2 ZNVIRES T 12 AHXS R 22 AT TR 1 AR 1R 22
(pg/eg) (pg/eg) (%) (ng/g) (ne/g) (%) (ng/g) (pe/g) (%)
Nb 12.5 13.1 -4.6 16.7 17.2 -2.9 13.4 14.2 -5.6
Ta 3.71 3.57 3.9 2.74 3.01 -9.0 2.31 2.52 -8.3
Y 18.34 17.86 2.7 45.24 47.26 -4.3 36.58 38.06 -3.9
La 17.72 20.33 -12.8 48.82 54.55 -10.5 54.03 59.06 -8.5
Ce 35.72 37.02 -3.5 102 105 -3.2 98. 64 110 -10.5
Pr 4.92 4.92 0.0 11.13 11.63 -4.3 10.3 12.25 -15.9
Nd 20.53 19.22 6.8 44.1 41.05 7.4 40.33 42.96 -6.1
Sm 4.71 4.54 3.7 8.94 8.7 2.8 8.33 8.69 -4.1
Eu 0.96 0.9 6.7 1.2 1.07 12.1 0.93 1.04 -10.6
Gd 3.96 3.78 4.8 7.98 7.34 .7 6.44 6.77 -4.9
Th 0.61 0.62 -1.6 1.33 1.21 .9 1.1 1.14 -3.5
Dy 3.66 3.27 11.9 8.55 7.45 14.8 6.76 6.54 3.4
Ho 0.72 0.66 9.1 1.98 1.73 14.5 1.52 1.46 4.1
Er 2.04 1.90 7.4 6.83 6.3 4 5.5 5.2 5.8
Tm 0.27 0.29 -6.9 1.2 1.1 9.1 0.92 0.87 5.7
Yb 1.83 1.74 5.2 9.3 8.4 10.7 7.29 6.65 9.6
Lu 0.25 0.27 -7.4 1.64 1.56 5.1 1.32 1.24 6.5
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Determination of Symbiotic and Associated Elements in Tin Ore by ICP-
MS Combined with Pressurized Acid Digestion and Detinning Process

MA Sheng-feng, ZHAO Wen-bo, ZHU Yun, SUN Hong-bin, WANG Lei, WEN Hong-li
( National Research Center for Geoanalysis, Beijing 100037, China)

HIGHLIGHTS

(1) The principle of treating tin ore by ammonium iodide melting to digest insoluble SnO, can be used to determine
the symbiotic and associated elements in cassiterite.

(2) The reaction rate of ammonium iodide with cassiterite is improved using high purity platinum wire as the
catalyst.

(3) The accuracy of the method is verified by comparison with the alkali fusion method.

ABSTRACT

BACKGROUND:; Tin ore is a hard-to-decompose mineral. The main form is cassiterite (Sn0O, ), and there are
many symbiotic and associated elements. The commonly used acid-digestion method can barely dissolve SnO, ,
making it difficult for accurate measurement of symbiotic and associated elements in tin ore.

OBJECTIVES: To decompose the tin ore completely, and accurately determine the symbiotic and associated trace
elements in ore.

METHODS : Hydrogen iodide can be produced in a non-aqueous state during the melting of ammonium iodide at a
lower temperature, and the acidity of hydrogen iodide and the reductive decomposition of SnO, by ammonia, and Sn
separation by the sublimation of Snl, which is the basis of the study. Under the catalysis of a high purity platinum,
ammonium iodide was used to decompose cassiterite for 30 minutes in a Maffer furnace at 450°C. Tin was removed
in the form of Snl, with a removal rate of 98% . The residue was dissolved by 2 mLL HF and 1 mL HNO, using
pressurized acid digestion. Inductively Coupled Plasma-Mass Spectrometry ( ICP-MS) was used to accurately
determine 24 elements in tin ore.

RESULTS: The element detection limits are from 0.001 to 2.9 pg/g, and more than 90% of the elements have a
relative standard deviation (RSD) of less than 5% . The relative error is less than 10%.

CONCLUSIONS: The method solves the problem of tin ore being difficult to decompose, can measure the
coexisting metal elements, and is also suitable for determining trace and ulira-trace elements in tin ore with Sn

contents between 1.27% and 62.49% and trace elements in tin concentrate.

KEY WORDS:; tin ore; metallic element; the removal rate of tin; ammonium iodide ; Inductively Coupled Plasma-
Mass Spectrometry
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