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HL RS O 55 125 1A R SR IE 0% T4 I v i R B 2 )R
WA 8 BT #

EA, EAE, MR, BRER, &4, GEM, FUAL
(P 1 VA DX T 7 B A 9T e o0 S, P BC iz 850033)

BE: w2 AMSRET CABBIEAY = , AART LA SHASZTLBRGUF L, THEL LR
AR, 8 A T E A CuPb.Zn Fe Ag Bi .Cd.Co %, RAEBEAELEF LN FTREL LFLETLE
R B IEREM D IRERE, FEMNE &R K, ARALMRALE R - AR - HRRET K AR,
BB AR AR T PR AR, B Jo o FR AR IT , R B AS 2 1000 AR A 10% R, mim iR R a4
W, R BARSF B TR G EMN T EENTEY TREBSGFOEHE B E, 7 ENELE
% :Cu 0. 0056% ~20.0% ,Pb 0.0087% ~20.0% ,Zn 0.0031% ~20.0% ,Fe 0.0090% ~20.0% ,Ag 5.40 ~
3000 wg/g,Bi 10.8 ~5000 pg/g,Cd 0.69 ~5000 wg/g,Co 2.09 ~5000 pg/g. M B FAFAE M R #AT I E,
Tk RN T 5.40% A EBE(RSD,n =11) T 4. 41% , %7 ik A TR SRR 8 £ o b7k B e R BF
WE K S AT BRI FRE, 2T R SRR R R 5 kM A

KR MELR/ET 65 BE; A BREREGF B TR LG %

T

(1)£ A ICP - OES 3= € M@ & T 2 AR5 2 BT GH T8 RF LE,

(2) hBR FRAL L AL A 2 TR AT P 09 B R R A543 5 FBLA IR R,

(3) AR A 1000 KB A 10% 3B BT, FE SRR R A = AR,

RESYZEE: 0657.31; 0613.51 X#kFRiRAS: B

PRI AL - I e A 2 B8 20000 we/g DA B, AL Bh & 5 fic i ik 1200 pg/g L

AR 5 X X By 2k B rpry 2 £
oL 5 X, JUHR 07 B A i A 1 R e
W2 B, W K BURIH S R oA B B B 2
BRI WRARWEZ SR RN EEET E
5 B IRE ) R T N
BRET, PELE MR AR AT BB BAET, R R LA L
ARESWAT T INBE T 8 A s ™ 507y 5 A
BE AR BT B R R R N RE IR B 24% \T2% |
39% , B B iR ik 3000 we/g LI L B B R A

Eo NERTYZRARE &~ & /o Y8 THifk
T BRARH™ P B A BRI E — BRI
TR R B SO R AL G E T 1k EEOR AR
T SR T PO e kA, X
SETT LR SR RERT I RV L

AT AR LI B 2 B AR OBk (ICP —
OES) fEf#BE0 A B iy a7 " 248
BT S AT A 2 2 R L R A ICP
- OES E W S Z &8 & 0 41 R WARGE, 7E ICP
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— OES M2 #£ i 1Y BT A0 PR A R o, BE & P (R B2 %

TR A TR AR XA AR L B
S T IR S S50 A2 4 AR A B R
AR T, T @ T F K - SRR A
(=Y ab o SIEER RO K AR paEdioh=A ISP Wive
o HARER G, AR X g A Y R
FHERFRBRGE , P FE IR - SRR — = SRV iR
SR N T W SO 15 9 T A e ik 3000
pe/g AR o ASSCHE L BE At L, 38 x5 o OB A L R
IR IR B0 RSB WA T R IR 45
T XA i AT A PR R — 254k, SR ICP - OES
FIBHE TPy R a2 4| E0 A% Cu,
Pb .Zn Fe Ag .Bi Cd . Co 5 8 il JLE , i i #AE
fej 5, HAA TR G A 52 F M o

1 Sssy
L1 38 e TAE5RE

iCAP 6300 Duo #1431 B {32 At JEORE 7 55 25 1A
RHHEIEAL (3£ [ ThermoFisher 24 ] ) , 5 F [ L
heE s e A , HA il A2 1) R 0 A
o Bl AR R &M (4K 3700 m) Z2 0GR
B AL, W€ T A B AR A RE 2
1150 W, i B i it 0. 50 L/min, 254k &8 AR Ui it
0. 40 L/min, BESZ 4 25 v/ min, &P BRSGETE] 5
s, FLIHEOCITIA] 15 s, B I E] 1 ~20 s, BB,
1.2 BRI S5

PR AR A UEZ TCR IR A AR UEIR IR |
FABRVEIR, o R A AT I T RO R s v A A VA RO R
BTN TC R PR 2 VT, AR T 46 V8 T2 0
B, BC i R SUARE AR . A SCR TR R G5
AR 1,

FRIR HHIR SRR | i S8R - o bl
# 1 BouHEbsdEih S el &
Table 1  Concentration and combination of the elements in

calibration standard solution

i3S EY ] TR TCEWSE (mg/L) VIR
) Copb g V00 F00 100200 -
MY u.Pb.Zn Fe 7]
ik 50.0 100 150 200 ’
U N 0.00 0.10 0.20 0.50 o i
e i
R ¢ 100 2.00 5.00 ’
o 0.00 0.10 0.20 0.50
FRUEVA T 3 Bi.Cd.Co 10% F 7K

1.00 2.00 5.00

L3 9Tk

HERRAREL 0. 1000 g A% b T 50 mL 3 VY IR £ 95
Hsmrp, A VEKIEE, iTA 10 mL #27%, F 130C
R E 28 ZRRERAR, A S mL fiffR 4. 5 mL U
FRAN L. 5 mL SRR , F5 A THEL 2 180°C 4k £k
PRt KM R RS RS 20, S8 A 10 mL
TR, R B i 2R A J5 € 7 21 100 mL A,
FAT, R

2 gRk5he
2.1 Hhrikkmikst

B ET AP ITREN G ®EREKR, @
TR S AR RO G T A , Lea T R fF SR
TR, R R B AT SR MR B T
TR R T 2R B 43 BT i 26 : Cu (324, 754 nm, 42
1) .Pb (220.353 nm, 2] ) . Zn (213. 856 nm, 1%
]) \Fe(259.940 nm, {2 0] ) (Ag(328.0 nm, fli[m)) |
Bi(223. 061 nm, i) ) .Cd (226. 502 nm, Fli1]) . Co
(228. 616 nm,Hl[H])
2.2 JiikARMESIE
2.2.1 BRHIRRIER

VU 2 4 Jm & A R B AL LT, 5
Ves i 2 B2 TR B VTR R AR A S AR IR Y
MO SRR G TR X M TS 4 R AL A
M IRRCR , 3 ANy R a B A TP R AR B
A SRR P A Ak P e 258 I, I A B oS v 1 o

SRR IS SR RS SRR 1) A T ) I 3 1 PR i
EMIbE=Rid ¢

ALY R &, B A TR,
TSI S R A ZS A A8 G Zead BBV %S
oAk, B0 e S5 AR AR, B2 BRI 5 BIRE ik
SR PhSO,TLTE"" , [l I VU 4 £ 4 J& & 7 4 o
R WA, 5 T A AgSO, UL, B Btk
ATHE ST A FHRES , 1 2% R BR AT B 5 ), ZEVA T 4
TINAZEER , 50 i s s v AR B H, S ¥ &, SR 5
TIATEER TR o SR 4k 52 00 f R i, MR T TR
HROBR i G D SR R AR LR R T 2 Il
FELE W IR R ER R WAL B A RE & BRI L BRR A
49.0% ~89. 8% , it =5 T AN FBRATR 1) % BL VU BRI 0,
2R PSR 3 7K A0 G B 25 Bk 6 B Tt R A1 o
U, AR SCHf A FERR VA R B PR A 10 mL b iR i Ak 2
R , AT 35 A A V8 TR T 5 T TR A R PR L 3
W N 1k RIHERRRA N m R B R B
AR U E TR Z A

AR SIS R PRER PR T BR A AR - ERIR - =
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Table 2 A comparison of four different desulfurizing methods w 800}
41
‘ WEBRA(%) ¥
oAk B 75 =X 400 o < « «
GBWO07169 GBW07170 GBWO07171 GBW07172 he e e °
PURR Y 22.9 25.5 28.0 25.3 ol - . . .
K R Tl Ak 34 11.0 9. 80 9.10 11.9 250 500 1000 1500
FoK AL 5.30 4.20 5.40 5.10 TRELL
EhER wiAb 49.0 49.2 89.8 85.1 301,

2.2.2 HWRE

HR A7 A 90 0 s A e TR P X 8 I T A I
FRYR O T B TR R AR
JEE A B S M TR 1) 28 R T B, S R S Rk R R
W, JH 25 R B R TE 130 ~ 230°C 0 R X
B8], I JCZ Cu . Pb . Zn Ag Bi Cd, Co [l & 45 5
FEAR—F; MR K F] 200°C LB Fe (1930
S5 AT A YV IR S5 21 200°C DA BB, TR
25y BRI, 77 A 28 XTS5 e AR g5 SRR AR . AR
SCHERE 180°CHE MO IR
2.2.3  FRRAEEL

MM AT /NI B AT PRI DT R Ak
JEE AR 5, 2 M 0 S 5 S P T 5 XY A it
K, F R ARAY G R R U R A RN BRI 0
RIS MTE5 00055 , 2 52 o 25 5 0 vERfR 2, A
SHRZEFR N P 2 4R E 0 P R T
RO BT, N T SEBLAERGI & XHEE & A B
FERGHAT T 2GR . 45 om0 A 5
X Ag Pb I 5 25 5L 5 M 38R, s e A BOAIG BR  v
GIEUTTE T80 Ag . Pb I 45 AR A% (7 3 WLIE 1a
b)) BRSO B 45 R e e R 22, 5
TN T A — B, AR SRR RE B AR
14 0. 1000 g, 7E AR 100 mL, B REAEECH 1000,
2.2.4 WA TR

FETCHL AT I R AL B RE 30 R AR (R
PR KA WA A A e AR LI AEME T
FRVSR &R I IR W B B , 64T TSR L ER
MR 7K =R A 0 B R HE IR B (= R i A
HIMEEI R 10% ) o SEIG 25 W R, A T 5
X Ag e 25 R EOR M h Ag & 8 = I TE
THERAY BT 55 B BT TE , 78 R R A 5 Hh AR A5 58 & 1Y
MR, PR G R RV TRV TR T o

WY R IR T A o R B X 7 25 R —
S ARSI XN L T 5.0% 7. 5% 10.0% 12.5% .
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Fig.1 Dilution factor tests

15.0% ,20. 0% & iR ¥ W 1 45 0 2 19 )6 15 98 B
SCIREE R YR B LKA, Ag . Pb 5 E ULTE,
PR B 3k 209% B ' 15 58 B 4R T B I HL o 45
WM EA 22 BN TR ER TR By %
SR AR SO B R A B B MR BE S 10. 0% , 1% 4%
W5 E/NR D BT 45 AL
2.3 J kKPR S

FERAAL R T bR B i s 1 10 4y 2R
B TAERMT @A TR bR, s i
FE LW 3 A5 25 (3s) 1A i g i R, 10 %
Frifefizs (10s ) VR e T R, ABRIE Hh 2 H e g
W i B BR (bR TAEMZEAH R %L >0.999)
B AT R IR H PR S I e 7 R 3% 3
2.4 JjiENGE N SUERE

VB R — QbR HER) 5175 58 07 12 WA 5 1 T
RE  H IR 1.3 45 1 7 v 20 BRI A U I il A5 1
0y, FEAR AR S AT 002 , 20 B3 AR X A
22 (RSD) MIX RS, K4 MEssRE N £ 5
JCZ Cu.Pb.Zn Fe B¥5 % (RSD) £F 0.43% ~
2.78% Z[a] , ERBEAE - 0. 50% ~2. 68% 2 [i] ; Ik &
JCZE Ag Bi . Cd. Co KB 0.44% ~4.41% 2
6], VERGRELE — 4. 18% ~5. 40% 2 [a] K 5 B FIvE TG
FER T
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Table 3  Detection limits and measured ranges of elements

St PRfERZE KRB SRR | b peifEE KRR TR
TR (%) (e (w/e) LR (%) (%) (%)

Ag  0.54 1.62 5.40 ~3000(| Cu 0.00056 0.0017 0.0056 ~20.0
Bi 1.08 3.25 10.8 ~5000|| Pb  0.00087 0.0026 0.0087 ~20.0
Cd  0.069 0.21 0.69~5000|| Zn 0.00031 0.00094 0.0031 ~20.0
Co 0.209 0.63 2.09~5000{ Fe 0.00090 0.0027 0.0090 ~20.0

24 BRI

Table 4  Precision and accuracy tests of method

BRIy 5 g PULUDAEE (= N 7Y RSD  #HXfER2E
i - (ng/g)  (pg/g) (%) (%)
Ag 161 154 4.41 4.41
Bi 1615 1533 1.08 5.34
cd 38.8 38.3 1.22 1.42
GBW07169 Co 123 118 2.58 3.83
() Cu 5.46 5.49 0.55 -0.50
Pb 1.12 1.12 1.04 -0.10
Zn 0.61 0.61 1.31 0.41
Fe 9.07 9.12 0.47  -0.50
Ag 324 319 3.22 1.45
Bi 3645 3622 1.40 0. 64
cd 64.5 61.9 0. 69 4.22
GBW07170 Co 233 221 2.19 5.40
(sAwH) Cu 12.54 12. 59 0.47  -0.40
Pb 2.26 2.24 1.24 0.97
Zn 1.22 1.21 1.36 0. 96
Fe 3. 88 8.92 0.55 -0.43
Ag 219 228 2,55 -3.83
Bi 605 607 1.47  -0.38
cd 322 - 1.93 -
GBW07171 Co 72.7 67.4 1.88 4.72
(1) Cu 0.47 0.47 1.24  -0.31
Pb 5.27 5.27 0.83  —0.090
Zn 8.94 8.71 0.92 2.68
Fe 9.74 9.77 0.73  -0.33
Ag 1087 113 0.44 -4.18
Bi 3129 3239 2,15  =3.40
cd 315 - 2.45 -
GBW07172 Co 75.7 72.3 2.35 4.68
(538 11) Cu 1. 00 1. 00 2.78 0.10
Pb 25.61 25.58 0.43 0.13
Zn 8.92 8.73 1.31 2.16
Fe 7.64 7.61 1.55 0.33

1 :Cu Pb Zn Fe JLE 1 Bt 4040k 1072,

2.5 SEbrFERIE

Y B IE DT VR B AT SR, IROPY RO 22 R
ARE SRS [ 78 Hos i 5 2Ok BiE ICP - OES
07 A B HER P o EO I D7 i AN« Cu R
ik (REbn 4 SRS IROETEE ) , Pb 2R AT EDTA
AL (FEA 2 R AR T ROk ), Zn R H
EDTA 24k (K dh 3 SRR T IROEINHE ) L Fe K
RS BR AN EE (R dh 4 R AT IO GRS |
Ag R HANES T - T IRIOLIEE , Bi R ABIROL

JEik, Cd R T IR0, Co R T IR HiOt
ko X (3 S) R ICP - OES i E 45 1 5
HA I I LM E LRV G

#5  1CP - OES 55 HAhJj ikl &5 8 bed
Table 5 A comparison of analytical results by ICP-OES and

other methods

WE(% ) WM (pe/s)
Cu Pb 7Zn Fe Ag Bi Cd Co

- ICP-0OES |6.37 17.96 9.23 12.36| 1594 9884 473 420
HH HAti gy 1 6.41 18.13 9.58 12.18] 1599 10803 473 404
b2 ICP-0ES |7.55 2.36 3.70 15.05| 400 4961 181 398
HH Hibyy: [7.67 2.28 3.93 14.74| 408 5015 181 415
B3 ICP - OES [12.36 46.88 0.38 11.98|3970 16056 52 165
HH Hib g [12.54 46.33 0.36 11.76] 3956 17243 59 168
- ICP-OES |2.06 58.58 8.34 4.24 | 2786 8946 404 71.1
HH HAti vk 11,96 60.40 7.99 4.19 | 2813 8612 386 65.2

Fefhgi s E Tk

3 e

ARSCHEST T PR PR SR - ZRIR - = A
PR 53 AR A it P JBH 1 55 18 IR R S DI i v T 7 Y
iy Ra B 2 SR E Y A 8 M TR Cu,
Pb.7Zn Fe Ag.Bi.Cd . Co )5k, FEILE Cu.Ph,
Zn Fe JII 5 YL M 0.0031% ~20.0% , IR E L&
Ag Bi .Cd Co B5EEE 0. 69 ~ 5000 g/, HEALI
JE VYT 22 4 I8 W A U B O b B 0 A 8
A 5 25K

BT BT TR R, B R AT AR % R
AT, A A R 1R B 0 B 3 B P, S Bt ot
WS A ES IR &, &0 TR EZ RS0
AT

4 ZELHK
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Determination of 8§ Metallogenic Elements in Tibetan Skarn-type Copper-
polymetallic Rich Ore from Tibet by Inductively Coupled Plasma-Optical
Emission Spectrometry

WANG Zhu, SHAO Bei, LIU Cheng, FENG Yuan-qiang , LIU Gao-ling, WU Guo-dong, LI Ming-li*
( Central Laboratory of Tibet Bureau of Geology and Exploration, Lhasa 850033, China)

HIGHLIGHTS

(1) Eight metallogenic elements including Cu, Pb, Zn, Fe, Ag, Bi, Cd and Co in Tibetan skarn-type copper-
polymetallic rich ore were determined by ICP-OES.

(2) The pretreatment by hydrochloric acid can effectively remove the sulfur in the samples to avoid the precipitation
problem caused by high content of lead and silver.

(3) When the dilution factor was optimized to 1000 and 10% hydrochloric acid was chosen as the solution

medium, the sample solution did not precipitate.

H,S
HCls 1/ HNO,+HF+HCIO,
Acid digestion
> { Heating
Copper-polymetallic rich ore Desulphurization

Cu: 0.0056% ~ 20.0%
Pb: 0.0087% ~ 20.0%
Zn: 0.0031% ~ 20.0%
Fe: 0.0090% ~ 20.0%

ICP-OES
results

Ag: 5.40 ~ 3000pug/g < p—
Bi: 10.8 ~ 5000pg/g
Cd: 0.69 ~ 5000pg/g
Co:2.09 ~5000ug/g
10% Hydrochloric acid medium Clarified solution

ABSTRACT . Skarn-type copper-polymetallic rich ore is a unique mineral resource in Tibet and is characterized by
numerous diverse elements with high content. The mineral type is mainly sulfide, while the metallogenic ore elements
are typically Cu, Pb, Zn, Fe, Ag, Bi, Cd and Co. The use of wet methods to analyze the samples will result in low
measurement results due to the high content of silver, lead and other elements, which are difficult to dissolve and
precipitate. The analytical results of these samples tend to be on the low side, due to the insoluble and easy-to-
precipitate state during the wet pre-treatment caused by the relatively high amount of certain elements. In this study,
hydrochloric acid was introduced to pre-desulfurize the ore, followed by dissolution with a mixed acid of nitric,
hydrofluoric, and perchloric acid. As a result, the samples can be decomposed completely with effective
desulphurization. When the dilution factor was optimized to 1000 and 10% hydrochloric acid was chosen as the
solution medium, the sample solution did not precipitate and the multi-element analysis by Inductively Coupled
Plasma-Optical Emission Spectrometry (ICP-OES) yielded good accuracy and precision. The method measurement
ranges are 0.0056% to 20.0% for Cu, 0.0087% to 20.0% for Pb, 0.0031% to 20.0% for Zn, 0.0090% to 20.0%
for Fe, 5.40 pg/g to 3000 ug/g for Ag, 10.8 pg/g to 5000 wg/g for Bi, 0.69 ug/g to 5000 wg/g for Cd, 2.09
pg/g to 5000 pg/g for Co, respectively. The method accuracy was less than 5.40% and the precision (RSD, n =
11) was less than 4.41% , which was verified by the national standard reference materials. This method has distinct
advantages of simple preliminary treatment, efficient analysis, simultaneous detection of multiple elements, and a
wide linear range. The results are in agreement with other methods according to actual sample test analysis.
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