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SRS AR O E SRS X S A B
PRHBFEREIE O R AR 00 T2 4w i
PG I B A R L,

TACIS T XY IR s R Y B
=, TR ER O A Ay i, b R TR A )
12 Sn 0. 12% ~ 10. 29%, Pb 0. 73% ~ 37. 85%,
Zn 0.74% ~ 34. 11%, & & F 5 & 457 43 5~ Sn
1.85% ,Pb 3.98%,7Zn 1. 13%" , B4 & 2 —Fh
MESMRITER BRI WO TR V5 2% A TR VS AE VS 0
A S B PR SRR AN 8 A RO TR
Sy BT T S i 3 ) s 5 R P F AL, A
LERRVA S ft 0 WD RE J1 5k, R AL T A 38 i Bl ik
FR R E IR [ | Yo — 2 g i () TO ML T 3 2
VS TC R ABRE AT o 42, S — P AR 1) 0 4 0 ik i Ak
7, YA, 1 [ N A ER Ak 2 43 A A5, I
By Y EEEZFTCHLIOC R W AT R B A
B AR R (ICP-MS) 1 Ak & B IR T8Ok
Je B (HG — AFS) MO R P W 0 o 3 ik
(AAS) "8 X BFE i B (XRF) 1) [ A
REPEIEE (ES) 10 A X B 5 vk A kb A Y A
TR S s 8 A B I AR & A e — S e R
I ICP-MS HG-AFS (AAS 1t T8 24t X e IR &
Moy fgoe 4 DU R & IR (R R & OB IR &)
(R L TERE i s XRF 35 BT 0 W0 8000 52 M, AN 38 & 0
SEBVEE IR TR e A BE, B R i AR
FRRCEARAE ; A& SHGIEE I e b RREAL, HAE
WSET- YR w8 Y BRI 2 kAR TR H RN,
W 25 R = d k. FEHE & 55 B IR A it ik
(ICP-OES) HA 4 VE 1 il B | A2 e M A0 e o J32 e |
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Oy FRSE A T LR T AR R K 2 s A
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VAR BE 5 1ICP-OES 3L BB AR H T 1
T Z 0 R E A SRS , TS RAEE
FRERIRIE , 5T T WA DR P h AR R AR BRI , A
R T 1 TS TAE S BR800 %5 kA A8 Ak
T ARG T, B T 75 5 R I J0 /K Bk R
PRI DU PR A VR 5 0 R A R LR RS 7, R A
fif 64 (R s B T A A3 Al A K
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T A ALl TRE S I R S —
RSB AL PR ), B R AT b T i o0 4 RERT
A S, TR H T 4280 4 B 05
fife 0 AEIEAIF ST X GO R ¥ B B AR R R A
PRI, AR ST RIS ST PR VS o 2% P R VA TR T
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ST IR UTTE SR A, % TR R B AL X YRR IR
FERR) Y B e LR R M LA 52 4 0 e I R
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ICP-OES A4S T Bt , #3738 FH T 40 il e & 4608
WX B RE IR S B B BRI
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RA PR HER W (% Sn, Pb, Zn Y& ¥°h 250
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1.3 ke

W A AN EY T GBWO7240 8387 41 bk ) I
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bR HE B R GBWO7286 . 4% BE B 41 A1 UE ¥y R
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EETHRME AN EESSE FRMERES
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FEF R 2R REUE TR, O K E, &
Sy B IC R MRS R B0 /D[R] A IR B K i
IR S B TR O RE A B A A, EL ICP-OES
DI AT Z I R FRT AT, BRI, A2 T P 43 55
TR R A, SEER R SRR N 1200W, 25
SHESTH 0. 2MPa B AU EAE TR MRS, A58
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Table 1  Analysis spectral line and buckle background position

of tin, lead and zinc elements

A "Byt K.

E PEARK ek miwnem
Sn 189. 989 477 % A
Pb 220. 353 153 7 A
Zn 213. 856 458 A

2.3 BRIEIAFI LR

FAA R 13007 e T XU A 79 Rl i
S b ST ERE DL 1 T A B T IR R
FURRYE S f RE 150, o0 fl L RE DR, L A oA 35
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L IHTRA = I WTRCR IR R T H &, A
LI GBW07240 .GBW07282 .GBW07281 %5 3 Fi I .
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Table 2  Effect of alkali fluxes such as sodium hydroxide, anhydrous sodium carbonate and sodium peroxide on the results
B Sn T HE (%) Ph &t (%) In EH (%)
VR i [PEE 3 — — — Bk R
PrRUE(E 58 15 bR 5 15 i (E € 1
GBW07240 ey 0. 1420. 03 0.099 0.26+0. 01 0.26 0.29=0. 02 0.28
GBW07282 B A 1.270. 01 0. 794 2.82+0.06 2.72 0.910. 03 0.90 EE=RIA]
GBW07281 By 4.4720. 10 2.79 2.72+0.07 2.69 0.7420. 03 0.74
GBW07240 By 0. 1420. 03 0. 082 0.2620. 01 0.25 0.29=0. 02 0.27
GBW07282 B 1.27+0. 01 0.635 2.82+0. 06 2.76 0.91x0.03 0.89 TeoK Bk RN
GBW07281 B A 4.4720. 10 2.14 2.72+0.07 2.68 0.74%0. 03 0.71
GBW07240 =Yt 0.1420. 03 0.14 0.2620. 01 0.26 0.29=0. 02 0.29
GBW07282 B 1.27+0.01 1.27 2.82+0. 06 2.81 0.91=0. 03 0.90 EURR A
GBW07281 B A 4.47+0.10 4.44 2.720. 07 2.70 0.74=0.03 0.73
H3R 2 W LAE i SRR TR BR R AT 4R a5 oo
e 3 PR A RLIG  H R I &k B F268 sor o
PREY) BT b PRI E (S AR A W) & U] S i (5) |
5 B S SHRTCE T A AR e 9 ol
SO, — A B RL T DA A2 9K A8 2 %20 //.,.—
SRR SE 0 LR, B T 3 AR B R 1 L5t
(I SRR A LA, Ho A % S il R0 TG K T P ol e
S5 AR FELR A , 5 Ji e, IS 19 B 22, T L [ Ea—
6T FH TC /K B R M B A2 114 5 N (L e 1, S0 AR AR AL AR ()
Z U 3 PR SRR 1 43 B TR < Tk Pl 1 a5 A e e &35 R s e

WRIREN < Z LB < 2 A, FEHF R A SOA
RTCIK R R E E AL Bl Lb SR At 5, BLE R
1o, BOTE [A]— R BE R X W 43 i R 0 /N T2 SR AL
Tt 4R P A 2 s e 1 1) S AP R, o0 fe B
SRIENZE, LA NS A0 W3 Rk =L
fife > OB R A BE 7 R A i AR A A R
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TRAa sSSP BEIR , ik o8 44 . IR,
Peat E AL B o3 e
2.4 AR

WA A WA ZE XTI, o2 — w3 i
JUER, R 2 AW, B Y RET R MES i, A
W AR SR R B B e A 5T 4, IR B O i
Sehr, ASCUB AR HEY) BT GBWO07281 A WF5Y
%, %547 1.0.2.0.3.0.4.0.5.0.6.0g % 6 Flizt
AL X8 B BRI, B 1 R
W & Bt o o 280 A0 0 P H = 9 386 m , 4% o0 28 D {1 I
ERN, X T B U R, o E AL Ak
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Fig. 1  Effect of the dosage of sodium peroxide on the results.
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AR, 45+ B0 — P SR 1 A T R SO R I S T R A AR A DB BT IR P B B A B

LR VE

WS AT REAT RO ] 1 A4, U AT R T B S A X
SERLAORNR TR R WA R FR R Ak b B
VSR P B R A R TS HE 2R B i B R T 3K 1) A
XAl AR, TRE 8 T ORAIE 45 2R B A e PR A
HERRE , A P 2 A R i — 3, A= H
FE 23 S AL BN FIER R R AL IS 1 L8 WA e 1
RINES WA, 53 AN S i 8 A BHIR B b
VRN B A I r i ) B v R SR, T R T
AREEN ]

AR GBWO7240 . GBW07282 . GBW07281 45
3 P E R — IR A AR A TR 5 , XA
HEZR I 2 s B Ak A0 o e ) /0 25 15 1K
AT HEA TR L SE g, 25 R R 3, KR 3 FFE
AR HE R D RO 25 A R Ak A TG B
By BECER MR S L R 25 251K A T e 2 4
Z FHXTIRZEIIAE 8% LA VY, T FH 25 88 /K e il A 1
THE ZR VAT R Ry ARS8 5 v s S 4 SR i 25 .
2.7 JFiEEIARfRRR
2.7.1  BEUERR SR R v

PRI 1. 3 Sy A 5 A FRE A il RS L
25 FRER_EIER 10mL F 5 > S0mL B, AR5 10 5
MR BIMATR SR ER T (7 Sn \Pb Zn ¥
JEH1°K 250pe/mL) 0. 00.,0. 40 . 1. 00 4. 00.,20. 00mL,
e A PR EIE A E 25 2 S0mL, #55) , Be il sl
Sn, Pb, Zn ¥ B ¥ 4 0. 00, 2. 00, 5. 00, 20. 00,
100. 00pg/mL MIASHE R IV, TEAALAIALES TAE
SRAFR  FSE58 7 X UE R SN AT R |, LA
MTCERARSE « AREARER , KD GIE IR EE v AR
IR HER 2R 7E 0~ 100 e/ mL ¥ FE 3 FEL N, 45 4%
PELEVE 0] 9 J5 #2535 Ay = 178, 47x + 0. 1926
y=169. 04x+29. 16;y=1495x+111. 63, L0 FIAFEPF;
DT 2R 25 S (E R A A M i 2 U L DR i

263 ZEARERRAE S AL 3 TR S IR B e &5 R

2.7.2  JriENE R EERIRG R

ARSCHEBE 3 Pl E K — G Hh BR AL 2 by ofE )
(GBW07240 .GBW07282 .GBWO07281) “F-A 71l 12 157,
TP HAA I (w) AT FRER 22 (RSD) , #F
TTITIERE B S0 45 R IR 4, (£ BARX Bk
2T HLTE Y (DZ/T 0258—2014 ) 47 i Hh % 4 25
I R, Y FE K B 3 A% LAY, RSD
<17% ; & B HAER R 3 5L 1, RSD<10% ; &%
B KT 1% ,RSD<8%, MK 4 FH .85 4t 4
JCFR 1Y RSD BJ/NT 8% K5 %5 BERCUT 5 05 ob A 12 1y
2 HAE TR HARER 22 (o) , P 30y XTI &
VERZ D7 B W BR 85 4% B 0 A Hh BR 43 531 Ry
13.60.36. 45 .53. 83pg/g.

4 JNEREIE

Table 4 Precision tests of the method

= Sn Pb Zn
PRSI — —
gz | WEME RSD | WE(H RSD | WE{H RSD
(%) (%) | (%) (%) | (%) (%)
GBWO07240| 0.144 5.4 | 0.261 4.6 | 0.283 4.5
GBWO07282| 1.24 3.1 | 2.80 2.9 | 0.908 3.4
GBWO7281| 4.45 1.7 | 2.68 2.9 | 0.742 3.5

2.7.3 JiRMERE

1 H R4 AR 8T A bR
[R5 3 o 8 BT VBRI R AN 2 SO SOR
SRR AR ARG S, e 8 FiE R —%%
HBR b 2 bR W) R [ GBW07240, GBWO07282
GBWO07281, GBW07163. GBW07286. GBW07287 .
GBW ( E) 070080 , GBW07231 | 3F-47 X445, LA XL A5y
()T SAE A I e 2528, SR TEY) BOAR (A 70
T Alguo (I 72 - P18 5 b v (8 0 % 42 1) 468 %)
{EL) , AT 6 TIE 5 2 v B, 25 SR L6 S

Table 3  Analysis and comparison results of blank alkali fusion acidification medium and deionized water medium

. 25 IR TR ALY BT KB TR R
PRHER B TR FRUE(EL (%)
TMEAH (%) IR 2E (%) WE B (% ) AR 22 (% )

Sn 0. 1420.03 0.15 7.14 0. 097 -30.71
GBW07240 Pb 0.26=0. 01 0.25 -3.85 0.19 -26.92
Zn 0. 29+0. 02 0.29 1.38 0.23 -20. 69
Sn 1.27+0.01 1.24 -2.36 0. 96 -24.41
GBW07282 Pb 2.82+0.06 2.86 1.42 1.98 -29.79
In 0.91x0.03 0. 90 -1.10 0.74 -18.68
Sn 4.47+0.10 4.53 1.34 3.20 -28.41
GBW07281 Ph 2.72+0.07 2.64 -2.94 2.11 -22.43
Zn 0.7420.03 0.72 -2.70 0.59 -20.27
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5 JTLUERE

Table 5 Accuracy tests of the method

TLE i 5 GBW07240  GBW07282  GBW07281  GBWO7163  GBWO07286  GBW07287 GBW(E)070080 GBW07231
FREME (%) 0.14+0.03  1.27+0.01  4.47+0.10 (0.002)  0.0008+0.0001 (0.00017) - 45. 80+0. 005
Sn o EHIH(%) 0.15 1.23 4.41 - - - - 45.38
Algw 0.02 0.01 0.01 - - - - 0. 00
FRUEfti(%) 0.26+0.01  2.82+0.06  2.72+0.07  2.17+£0.07  1.27+0.07  3.3820.10  22.96+0.09  2.89:0.03
P FHIE(%) 0.27 2.86 2.75 2.11 1.22 3.31 22.73 2.76
Algw 0.01 0.01 0. 00 0.01 0.02 0.01 0. 00 0.02
FRUEf(%) 0.29+0.02  0.91x0.03  0.74%0.03  4.26+0.15  2.51+0.05  6.2020.16  16.22+0.06 0.264+0. 004
Zn  FHE(%) 0.31 0.94 0.75 4.23 2.52 6.25 16.29 0.259
Algw 0.03 0.02 0. 00 0. 00 0. 00 0. 00 0. 00 0.01
(Z Bbs XKL 22 A RE) (DZ/T 3 58

0258—2014 ) s Hh O ERf B2 1 225K 5 13 FEI 7R A
HBR 3 5L, Algw<0. 1; 7 575 B 7EA H FR 3 £%
DI b, Algw<0.05; %5 u B KT 1%, Algw <0. 04,
MFE 5 AT LA BT GBW07163, GBW07286,
GBWO07287 .GBW (E)070080 %5 4 Ff by i ¥ Jit (1) 85
R 55 B AR AN IS A s 7 5, AR AR
(0.1%~1%) H(1.0%~10%) .= (>10%) A~
[ & 5 AR ZE R A A bR IEY) BT Algw B/
T 0. 04, ULIZ 7 00 AN RIS B0 ) R 2 38 3¢
I W 2 22 B AR DX R Al 27 I 2 B R K
2.8 FEHr

RV 2 T 1 6 S B A il A S, BEER 6 14
B — 8 R EERR BE B e A AC IS 1 DX A BT IR
W2 i AR S B9 %E G (S 5 21LZL-05
21LZL-08 .LZL-08 XF-03 XF-04 XF-09),%% 1.4
I R AT T, AR R LR 6, K 6 AT
PIEH .6 R HPBR T Sn il EEARE RSP E S 2
(1.0%~10%) , He4x Pb Zn M E I T
fe o i, HOCBRAE o Hr B 45 2R © D niy T
H 2H b o A5 40U, B st 4t 2R 4 NI

6 PR DTESR

Table 6  Analytical results of the samples

Sn i Ph &t In &l

REfhGR5 A E e A Mz
(%) (%) (%)
21172105 lidra 0.45 2.09 0.32
2017L-08  BrRHER A 0.17 0.58 3.38
L71.-08 AR A 0.26 2.03 0.79
XF-03 WARBED A 0.14 33.42 1.55
XF-04  REBEERHE A 0.25 25.84 17.61
XF-09 WRET ZER 12.53 0.15 0.21
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Determination of Tin, Lead and Zinc in a Tin- Lead - Zinc Deposit in
Xianghualing Mining Area, Hunan Province by Inductively Coupled
Plasma-Optical Emission Spectrometry with Alkali Fusion

XIAO Xilian'?, XIA Jinlong"?, LI Xiaodan®, LU Youyue' >, YANG Xiaoli'*>, YANG Hongmei'"
(1. Research Center for Petrogenesis and Mineralization of Granitoid Rocks, China Geological Survey, Wuhan
430205, China;

2. Wuhan Center of China Geological Survey, China Geological Survey ( Central South China Innovation Center for
Geosciences ) , Wuhan 430205, China)

HIGHLIGHTS

(1) The high contents of tin, lead and zinc in samples of a tin—lead—zinc deposit in Xianghualing mining area,
Hunan Province, prevent samples from being completely digested by conventional methods. Selecting 4. Og of
sodium peroxide as the flux, melting at 750°C for 20 minutes, extracting with 30mL of boiling water and
acidifying with 20mL of hydrochloric acid ensures the complete decomposition of the sample.

(2) The order of the ability of three alkali fluxes to decompose minerals was anhydrous sodium carbonate, sodium

hydroxide, and sodium peroxide with increased ability.
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(3) The calibration series was prepared with blank alkali melt acidification solution as the medium, so that the
calibration series matched the sample matrix and eliminated the influence of matrix interference.

(4) The method is suitable for ore samples of different types with concentrations of tin, lead and zinc greater than

0.1%.

Na,O,
Digestion
750°C, 20min
- \:> ‘ o
0.1000g sample Nickel crucible

0

250ml Em

ICP-OES analysis (‘QAL%...W;%‘) Extraction and acidification

< ——1 Boiling water + HCI

Constant volume

ABSTRACT

BACKGROUND:; The Xianghualing mining area in Hunan Province is an important part of the east—west tectonic
—magmatic—metallogenic belt in the Nanling area. The ore—forming geological conditions in the mining area are
superior, and it is famous for its many types of deposits and complex types of minerals. The tin—lead—zinc deposit
in the Xianghualing mining area is a very important polymetallic deposit in the Nanling metallogenic belt. The ore
types are mainly cassiterite sulfide tin ore, tin—lead—zinc ore and sulfide lead—zinc ore. Tin, lead and zinc are very
important nonferrous metal elements. The abundance and variation characteristics of these three elements can reflect
the regional metallogenic conditions, indicate the existence of deposits or mineralization, and are the important
basis for studying the metallogenic model, deepening the understanding of the genesis of the deposit, and
identifying the metallogenic control factors. Therefore, it is very necessary to accurately determine the content of
tin, lead and zinc in the tin, lead and zinc deposits in the Xianghualing mining area, and it is important to study
the regional metallogenic conditions The geological characteristics of the deposit, the occurrence state of elements,
mineral processing and comprehensive utilization of non—ferrous metal minerals are of great significance. However,
the average grades of tin, lead and zinc in the deposit are percentage contents and tin itself is a refractory element.
Conventional open acid dissolution or closed acid dissolution in the dissolution of high content of tin, lead and zinc
in the ore will have the disadvantages of incomplete digestion and easy precipitation of the solution, resulting in
serious low determination results. However, alkali fusion is more capable of decomposing minerals than acid
dissolution. As long as the appropriate alkali fusion reagent, temperature and time are optimized, some high
content of inorganic elements, even insoluble elements, can be completely decomposed, which is an ideal method

of mineral decomposition pretreatment.
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OBJECTIVES; To rapidly and accurately determine the concentrations of tin, lead and zinc in high contents of
tin, lead and zinc samples of a tin—lead—zinc deposit in the Xianghualing mining area, Hunan Province.
METHODS : Inductively coupled plasma—optical emission spectrometry (ICP—OES) with alkali fusion was used to
determine the levels of tin, lead and zinc. The selection of alkali fusion reagent, reagent dosage, alkali fusion
temperature and time as well as the plasma excitation conditions, element spectral lines, button background position
and other instrumental determination conditions were optimized. The effects of three kinds of fluxes: sodium
hydroxide, anhydrous sodium carbonate and sodium peroxide were compared.

RESULTS: The measured value of tin was greatly affected by the alkali flux. Under the flux of sodium hydroxide
or anhydrous sodium carbonate, the measured value of tin was low, while the measured value of tin was consistent
with the standard value under the flux of sodium peroxide. Based on the comparison of the effects of various fluxes
on the analysis results, sodium peroxide was selected as the flux, melting at a constant temperature of 750°C for 20
minutes, and acidification with 20mL of hydrochloric acid after 30mL of boiling water extraction to ensure the
complete decomposition of the sample. The calibration series was prepared with blank alkali melt solution as the
medium, so that the calibration series matched the sample matrix and eliminated the influence of matrix
interference. The national first—class geochemical reference materials were used for method quality evaluation, and
the results showed that the absolute value of the logarithmic difference between the measured value and the certified
value of the reference material was less than 0. 04. The detection limits of the method for tin, lead and zinc were
13. 60pg/g, 36. 45g/g and 53. 83pg/g, respectively. The precision of the method was better than 8%. The
determination range of the calibration curve was between 0 to 100pwg/ml..

CONCLUSIONS: Due to the use of alkali fusion method and blank alkali fusion solution as the standard
preparation medium, this method is suitable for the determination of high contents of tin, lead and zinc in
cassiterite—sulfide type tin ores, tin—lead—zinc ores, and sulfide type lead—zinc ores, and it has good application
prospects. At present, this method has been successfully applied to the analysis of actual samples in the
Xianghualing mining area, Hunan Province, with satisfactory results.

KEY WORDS:: alkali fusion; inductively coupled plasma—optical emission spectrometry ; Xianghualing; tin—lead-

zinc deposits; tin; lead; zinc
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