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Table 1 Reference operating conditions of the instrument
TAESHL BOEH TAESH BOEE
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Table 2 Standard solution series

o W (pg/mL)
JLE
STDO  STD1  STD2  STD3  STD4  STD5

Sn 0 0.5 5 10 20 -
w 0 0.1 0.5 5 20 -
Zn 0 0.1 0.5 5 20 50
Cu 0 0.1 1 10 50 100
Fe 0 5 20 100 200 500
Mn 0 0.1 0.5 5 20 -

1.3 JCEHrGLATS SR
FIFACES PR REXT BED LR BEE 2~ 3 AN [H]
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Table 3 Measurement wavelength and background subtraction
mode
e L Hb s EIS=X
G| Bk -~ G AR5 il
BiH | (nm) i FETH E FETR
Sn 189.989 | 477 | 1+2 / 11+12 / 7+8
\ 239.709 | 141 1+2 / 11+12 / 6+7
Zn | 206.200 | 164 | 1+2 / 11+12 / 6+7
Cu |327.396 | 103 | 2+3 / 11+12 / 7+8
Fe | 259.940 | 130 | 2+3 / 11+12 / 7+8
Mn | 257.610 | 131 1+2 / 11+12 / 7+8

1.4 2Tk
1.4.1 FESRIER

AR YR SEB0 ARE SR A SR X A R O R SR
e X BATAR B B S LR 0T Sl A
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Fig. 1 Scanning electron microscope pictures of the residue.
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Fig.2 Energy spectrum diagrams of residue composition.
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Fig.3 Scanning electron microscope picture of the residue.
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Fig.4 Energy spectrum diagrams of molten bead.
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Table 4  Effects of fusion temperature

AN IRV L EE R A A (%)

S FrufE(E
900C  950°C  1000°C  1050°C  1100°C (%)
Sn 3.96  4.32  4.36  4.39  4.28  4.47+0.08
W 0.047 0.058 0.062 0.059 0.056 0.068=0.005
Zn 0.68 0.75 0.71  0.68  0.69  0.74x0.02
Cu  0.25 0.27 0.26 0.25 0.24  0.2620.01
Fe 24.72 25.16 25.06 25.23 25.09 25.13x0.25
Mn  0.76  0.89  0.93  0.92  0.88  0.91x0.05
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FE S A TREE A 1000°C B, 43 511356 26 475 il Bk 1]
710,15 20min 47 (= a4 s (] SR S0 56, 45
K IIE RS IE] A 10min B, 3RS0 FE AN eI Rl 52 42,
ANRETE BB BRAR | 25 5 Kl BT AE S 58 B 5 2150 Rt i) Sy
15, 20min B iURE I il 58 4, B A A BRI, 7 3h tE
U, 5 THEEL, T a4 B it [ 2> 5 ml 526t
R I A b2 LA PR AE 3 ek S 8
FAREE] A 15min,

2.1.4 $REUARRRIE kR

FmiRRAR A al, A W) 56 4 e, 5 52 405
WA TR , 10 58 MR B Si-O fh RS F 1 AL ek
F, BRI AR Zp AT R AR, s T B BB A R B A 43 A
P pH (ELERERRA 5 A VBN (pH=1~3)
ERYE: i NN = I & TIwe- I TR W) 8 B9 | NG 3: 18713
PRIV, o T 1 1) Y 8 1y PR R FE IR AR B LA T
S VERE 30mL WP 5% AORHFRIA RIS THEEL
2.1.5 TR

AR IR EA R, 22 A KR 2 f B
JCRAR, MR R A5 B T4 v i F B, 52 i T 2R
AN RE , AR YRS 00 S A G R0 G R AR AN K
DO T S B T ORISR TN SRS BEE
B B (R X T Fe 259. 94nm 5 B (F 08 A R A
T HA T 2R FARAT AN &, [ s 2 b o 5 8 P
ANSBER o AR R 51 AR 0. 7% B4R LR i F5#E
sl T VRORIVRR VYA VB 1) FE AR S AR — 350, SR T4 mT LA
ZWEATT,

2.2 JiikkiBeR

o5 o [ s o A 8 £54) g I R L4571 100mg
2 B, FH 5% S FR 7 B 2 50mL, 825, i 17
10 Y2 HHEAR DR 22, 10 F5 A5 v O 22 7 3f LA e
RO G B, A5 2045 T R A BR 4314
Sn 18.66peg/g, W 97. 67png/g, Zn 21. 14pg/g, Cu
23.45ng/g,Fe 78.40pg/ g, Mn 12.32png/ g,

2.3 ik RETRE

WL A E K — bR fEY BT GBWO07281, X
iR AT REVE AT T U0 UE o N AR AE AN [R] Y B[]
FLHIRE 12 403, 76 AS R) A Bsf ) a8 A 7300 2, e 1 Hob of
W25 A ARE 2E (RSD) 51 TR 5, HiE& LR
TEAARTIRZE K 1. 33% ~ 8. 80% , K % bk Mt 22 Jy
1.20% ~8.06% - 550 A M E AR S HEK
2.4 B EhRFE BT

ARSI W FAFES G 1~5, 700k H H
B IX 25 B G PR S0 X 4 A A L BT | P 45 460
W, AL ER AT Ok BB 0 1 A,
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Table 5 Precision and accuracy tests of the method
iH Sn % 7n Cu Fe Mn
FEEYE (%) 4.31 0. 056 0.76 0.23 24. 61 0. 87
FRENE (%) 4.47+0.08 0. 068+0. 005 0.74+0. 02 0.26+0. 01 25.31+0.25 0.91+0. 05
AR R 2Z (%) 4.20 8. 80 1.33 6.12 1.40 2.25
RSD( %) 1.20 8. 06 2.01 3.21 2.36 3.87

2.4.1 B EINEITIER HXT

VEHE 3 NG REN I GBWO7282 , R IH( B # f
5530 O i Bl E ) (GB/T 15924—2010) 5
ARSI 5 I R R i B S R T H T
AR ZE , 5 CHb ST 7™ 52 56 5 00 3 B A 45 B
W5 =y A A YRR AR L 3 BT ) (DZ/T
0130. 3—2006) FLAE FLVFFHXT R 2240 LE , X 1R 22 48
ME/NT 2R 2E (R 6) , VLA SCT5 1k AR HEAR
SEBH AR

46 K ICP-OES Jjii'y GB/T 15924—2010 Ji il Sn
S R L
Table 6  Comparison of Sn content determined by ICP-OES and
GB/T 15924—2010 method

Sn i GB/T 15924 DZ/T 0130.3
. Sn R4’ ) X
e T“_E‘Ezé WE 2010 Jrik Z!ﬁ: ; 2006 HiE
4 (ue/s) SESE S EME (%) FevrrExE
(4 N
e (hg/s)  (ng/e) BRI (%)
BE 12218 11962
. 11772 12166 3.24 6.39
BEM T 12019 10889
By 8398 8466
?5:7 8182 7854 4.18 7.12
M2 8019 7905
1) 5005 4879
?gf 5070 4783 6.01 8.06
FEML 3 5612 4784
11876 11634
BW07282 12121 1182 2.4 )
GBW0728 12959 12015 827 8 6.39

267 FRI AV PR R Tk o B R B B et

2.4.2 Ry AU B0 L Ak SR 00 R A
RS2 LT

BUS 50 R, SR R IS 5 74 SC 1) i 1 72 41
JERN TR AL . ICP-OES e £ 8% i Bk F T HR
AT O, RS IR ANE K Uk E T 15mL
W 15 R U AR 3, I 3mL 50% 82 F 150
~160°C LA _Fm#AZE+ BUR %4, K Rk 36
T FIBERR P BE | FEAN 1mL W ASAR | ImL S FRURR
0.5mL B AR, N5 & T 180~ 190°C H Bk b ik
2R iR 58 42 (6~ 8h) |, /K R L w5 AR BE AR
PBEJf 2555 kSN #h 2 i @R B S BUR RS,
HIA 4 mL 50%3h R IFWUEBERR P BE | A = 3h 8%
fifroe e BT R HI 2R, A 25mL RS R
(B ) T HIK R B R 218 #5650 &0

DA AE 5 T3R8 7 vf, PR 7 3 000 5 45 SR A
XHRZE R 0. 54% ~12. 00% , i WA SC 7 1k He vER I
SEB A RS RE AR R R

3 45

SR FEV R T 450 05 6 74 K 9 b B T TGP -
OES :ME 85 4 b 45 48 4 Bk R
5 DUFEIRDT L 7 s B TR T, & IR R 2
VAT U 5 T4, v T A 4 A e -

B I SR AR L 4 9 B i

Table 7  Comparison of iron, copper, zinc, manganese, and tungsten content determined by acid dissolution and lithium metaborate fusion

W EHE (%) In & (%) Cu (%) Fe &t (%) Mn 3 (%)

e Lo DRMRRER XS | (REMRREE AXE | DWEWRRER AR | REDRREL MDY | (RAENRREE AIXE

W em e wE B | T mmowe | om0 e

B REA 1| 0.0080  0.0068 8.11 | 0.014  0.011 12.00| 0.010  0.0089 5.82 | 0.89 0.81  4.71 | 0.041  0.036 6.49
BE R 2 | 0.037  0.038  1.33 | 0.015  0.018 9.09 | 0.022  0.018 10.00| 1.75 1.69  1.74 | 0.17 0.14  9.68
BOHEA 3 | 0.040  0.034 811 | 0.017  0.020 811 | 0.0044 0.0051 7.37 | 1.52 1.3 1.38 | 0.15 0.16  3.23
B 4 | 0,036 0.030  9.09 | 0.28 0.25 5.66 | 0.070  0.082 7.89 | 1.84 1.69  4.25| 0.068  0.059 7.09
BHHEAS | 0.041 0.040 1.23 | 0.14 0.13  3.70 | 0.035  0.039 5.41 | 1.76 .70 1.73 | 0.075  0.062 9.49
GBW07281 | 0.068  0.057 8.80 | 0.74 0.76  1.33 | 0.26 0.2  6.12| 2531 2429 2.06 | 0.91 0.81  5.81
GBW07282 | 0.015  0.013 7.14 | 0.91 0.96 267 | 0.32 0.29 4.92| 24.06 23.80 0.54| 0.33 0.34  1.49
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HIGHLIGHTS

(1) Tin ore samples were melted by non—oxidizing flux lithium metaborate, and the molten sample was extracted by
ultrasonic vibration. The sample pretreatment was simple and fast, with high accuracy and low environmental
pollution.

(2) Scanning electron microscopy—energy dispersive X-ray spectrometry ( SEM-EDX) analysis revealed that with
the increase of flux, the surface structure of the molten bead changed regularly from loose to dense and
uniform, and the residual boron gradually increased. The optimal ratio of flux to sample was determined to be
7+ 1, which melted the sample completely.

(3) The 0. 7% lithium salt introduced in the sample decomposition was added to the standard solution, and the

matrix interference was negligible.
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ABSTRACT
BACKGROUND: Tin is widely distributed in the crust, and more than 20 kinds of tin minerals are known,
mainly in the form of cassiterite SnO,. Cassiterite is insoluble in hydrochloric acid, nitric acid and aqua regia.
Even when sulfuric acid is heated for a long time or treated with hydrofluoric acid—sulfuric acid, only a small part
of it is dissolved. Therefore, for the analysis of tin ore, the alkali fusion method is usually used for sample
pretreatment.

The determination methods of tin in ore include polarography, spectrophotometry, hydride generation atomic
fluorescence spectrometry, emission spectrometry, inductively coupled plasma — optical emission spectrometry
(ICP-OES) , and inductively coupled plasma—mass spectrometry (ICP-MS). The selection of these methods
mainly depends on the characteristics of the ore itself and the content of tin, but also depends on the operating
conditions, the selection of reagents and other objective factors.

The ICP—-OES has high sensitivity ,a wide linear range and low matrix effect, which can not only be used to
simultaneously determine the main and secondary elements of tin ore, but also has good precision and
reproducibility, and can greatly improve the test efficiency. However, when the elemental contents are determined
by ICP-OES, traditional sodium peroxide or other oxidizing fluxes introduce a large amount of salts, and the
solution after acidification and extraction needs to be further separated or diluted, which not only affects the
accuracy of the analysis and the determination limit of lower content elements, but also causes the signal to decrease
and cause damage to the instrument during the long—term determination.

Lithiummetaborate is a non—oxidizing flux with high melting point and has strong resolution. Since Ingamells
reported in 1964 that lithium metaborate is a good flux, it has been successfully applied in the decomposition of
soil , silicate rocks, and even some refractory rock and mineral samples. In this study, the analysis of the elemental
contents of tin ores are attempted, which are fused by lithium metaborate and measured by ICP-OES.
OBJECTIVES: To develop a method for simultaneous determination of Sn, W, Zn, Cu, Fe and Mn in tin ores
which is decomposed by lithium metaborate and determined by ICP-OES.

METHODS:: Lithium metaborate, a non — oxidizing flux with a high melting point, was used to replace the
traditional sodium peroxide and other oxidizing fluxes to melt the sample. After ultrasonic water treatment, Sn, W,
Zn, Cu, Fe and Mn of tin ores were determined by ICP—OES. Scanning electron microscopy —energy dispersive
X-ray spectrometry (SEM-EDX) was used to observe the morphological characteristics of the sample molten beads
under different flux amounts and analyze the elemental content in the molten beads. It was found that the surface
structure of molten beads changed from loose and brittle to fine and compact with the proportion of flux to sample
from small to large. When the ratio of flux to sample reached 7 : 1, the surface morphology of the molten bead had
— 123 —
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no obvious change. When the ratio of flux to sample was 8 : 1, the Boron element was detected on the surface of
the molten bead, indicating that the flux was excessive at this time. In this way the optimal ratio of flux and sample
was finally determined.

RESULTS: The optimal ratio of flux to sample was 7 : 1, the sample was melted at 1000°C and extracted by 5%
nitric acid solution. The method precision ( RSD) was 1. 20% - 8. 06% by determination of tin ore standard
substance GBW07281. The method detection limit was 0. 0012%-0. 0098%. Each element was compared by this
method with classical chemical analysis methods and the relative error was within 7%.

CONCLUSIONS: The content of tin, tungsten, zinc, copper, iron and manganese in tin ore is determined by
ICP-OES method by means of matrix matching. There is no obvious interference between the elements to be
measured. The sample pretreatment is simple, the molten salt extraction is fast, the analysis cost is low, and the
environmental pollution is small. The method meets the requirement of content analysis of tin, tungsten, zinc,
copper, iron and manganese in tin ore. Compared with the traditional chemical analysis method, this method is
more convenient, saves a lot of time and cost, and is easy to master.

SEM-EDX is used to observe and analyze the morphology characteristics and composition content of sample
residue and bead under different flux amounts, which provides a theoretical basis for determining the optimal ratio
of flux and sample.

The low result of lead in the experiment may be due to the high melting temperature of lithium metaborate and
the low melting point of lead oxide, which can be further studied in future work. The limitations of a single
instrument in detection sensitivity, resolution, analysis rate and efficiency can be solved by the combination of a
variety of analysis means, to obtain more abundant information and accurate results, which is one of the most

important directions in the development of modern instrument technology.

KEY WORDS:; tin ore; metal elements; lithium metaborate fusion; inductively coupled plasma—optical emission

spectrometry ; scanning electron microscopy—energy dispersive X-ray spectrometry
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