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W OE RABBEESSE TRE T RS OEE (ICP-AES) ¥l %2 K 4% H Cd,Co,Cu,Fe, Mg, Mn, Ni,
Pb.Ti.Zn % TP B C 2, FE 5 AR RS R VS 7 . A 60 CAEG MW P Wima K 1+ 1D, 4 pH
HAE 3. 0~4. 0, HEE 1R BE R BE T Ra I Iia) %o B 19 2 I 23 TR X A ) 485 2R A9 2 00l o MR 40 B 42 1 i 9 i
WU, 5 A0 DU 5T 2 04 RS D R, R 2 T T WD X R L R R O b Y R R S 43 T £k (Cd 228. 802 nm,
Co 237.862 nm, Cu 324. 754 nm, Fe 259. 940 nm, Mg 279. 553 nm,Mn 257. 610 nm, Ni 231. 604 nm,
Pb 182. 205 nm,Ti 323. 452 nm.Zn 213. 856 nm), 457G 2 [ 5T 2 ik 5 76— 5 0 16 P 5 L % I o B 22 8 vk, A
T 4 1 2 M 5 B R KT 0,999 7, %fg%ifﬁtﬂﬁﬁﬁ 0.002 ~0. 253 pg/g. 44 HE S0 J7 2% 0 2 A 4k 55 B
8 LA AR TR HE IR 2% (RSDyn=9) H7 2. 5% ~9. 8%, JIkz B 2 95. 1% ~102 % . ik JE A6 2k
REEAR LR B A S R R T R G (ICP-AES) s 47 s 8l 4 6 86 5 40 s B s 5 8K
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Determination of Ten Impurity Elements in Refined
Bismuth by Inductively Coupled Plasma Atomic
Emission Spectrometry with Separating Matrix

KONG Huimin, DONG Gengfu, WANG Jingfeng, YUE Ping
(Technology Development of Western Mining Group Co. ,Ltd. ,Xining,Qinghai 810000 ,China)

Abstract Ten impurity elements (Cd,Co,Cu,Fe,Mg,Mn,Ni,Pb,Ti,Zn) in fine bismuth were determined
by inductively coupled plasma emission spectrometry. The sample was dissolved in pure high-grade nitric
acid. Ammonia water (1-+1) was added to the solution at about 60 °C ,and the pH value was controlled at 3. 0~
4. 0. The effects of temperature, acidity and settling time on the removal rate and the test results were
investigated. According to the selection principle of the analysis line and the detection range of the element
to be tested, the spectral line with no interference, symmetrical peak shape and moderate sensitivity was
selected as the analysis line(Cd 228. 802 nm,Co 237. 862 nm,Cu 324. 754 nm, Fe 259. 940 nm,Mg 279. 553 nm,
Mn 257.610 nm, Ni 231.604 nm, Pb 182.205 nm, Ti 323.452 nm and Zn 213.856 nm) The mass
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concentration of each element is linear with its emission intensity within a certain range, and the linear

correlation coefficient of the calibration curve is all greater than 0.999 7. The detection limit of each
element of the method is 0.002—0. 253 pg/g. The relative standard deviation (RSD,n=9) is 2.5% —
9. 8% ,and the standard recovery is 95.1%—102%. The method meets test requirements.
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FLJER & 55 B IR IR & SO (ICP-AES) %
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1 LEEH
1.1 FENRETEEHE
ICAP-7400 HL B & %5 B TR & 5Otk 42 (3§

B R B A R A BD FZETAEFAF T :RF 1)
1150 WS Ak ae AR aE 0. 5 L/ mins 5l B) <O B

matrix separation; ICP-AES;Cd;Co;Cu;Fe; Mg;Mn;Ni;Pb; Ti;Zn

0.5 L/min; BHIA & 13 L/min; %% 50 r/min,
1.2 FEiRXH

Cd.Co.Cu.Fe,Mg.Mn,Ni,Pb, Ti.Zn iy B8 JC
FEARERE A (1 000 pg/mL, B4 44 )8 S+
ORIt L Bl AR HEGE #51 R (2 mg/mL) - R
B 2.000 0 g w44 )@ Bi, /D il i im0 i . B
JEH 5% (V/VO B EFE % 1 000 mL,

Tl R E K34 M e e 4li L BT K o — 20K
1.3 XWHE

FREC 1.0 g & 0. 000 1 @) i AE T 250 mL
Bedtrf, /D B KIE N, A 5 mL il B8 . I IR i A
IR R TR AR S IR A D UL A BT
FS¥8 o I 56 25 8 1 #40K 20 mL, fifi R 5 42 30 %
fift . TEARWIFES FilmaE/KA+1, % pH HE3~
4 Z (8] R 4 800 R UUTE & I DT 30 min 5 .
T 50 mL A R R RDIE ., AR
AT mL 8PR o 58850 RR
1.4 HREBRBRRIBES

fE—F %] 100 mL 25 &8 H A & 17l o R br
HE W TN 2 mL AR FIKH B 2 20 B 4850
AR M 28 870 0 R B A DA AN B4 o T G 2R o R R 4
B2 0,0.05,0.10,0.20,0.50 pg/mL, #%I0 % 1F
VW R R R 0,0, 10,1, 00,5. 00,10. 00 pug/mlL,

2 HR5UE

2.1 #@EESBEBRIREMNILERE

P PRS0 )7 vk AT FRIC 8 AN AR T 250 mL
PR, K (LD 8RR S A pH 43 3
5 1.2.3.4.5.6.7.8, F (20 'Cx2 °C, F[ED UL
30 min, & € T 50 mL 25 & i, YRR DUTE A
1 mL BERR . 5 2585 50 I e ) B 7 & S 10 Fifr
JTICER B A TR 2% CHE B o 080 25 S0 () A 113 4 Bk DA
Frir s L 100 %0 i A 4l , N RD WL 1.
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Table 1 Effect of acidity on bismuth deposition rate

pH & 1 2 3 1 5 6 7 8
BRI E B/ (pg » mL— D) 485. 2 102. 3 58. 09 30. 21 21. 23 3. 542 0.106 8 0.070 7
TR/ % 97.57 99. 49 99. 71 99. 85 99. 89 99. 98 100. 0 100. 0
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AR, Y pH H N 7 W, S5 DT R 32 1002,
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Cu,Mn (IS5 50K A B %, X4 pH {2k 7 B, Pb,
Cu.Mn.Fe g5 R FEACH W, A ou Zws A 2k, r
DL, S28e e 4% pH {H7E 3~4.,

2.2 SEMESERENIEE

SEATFRICS ASFE T 250 mL BEAR v AL
oK AHD TR 1 pH (HTE 3~4., % i TR
[a] 43 51> 15.20,25.30.35 min, i 3 T 50 mL %
L PR DLIE . I 1 mL RS BR . E A BRI
S8 Hrb ) B i M 10 R AR BT OO0 R L B 0 DD R L
*2,

R 2 x4 B R Y B2 0

Table 2 Effect of time on bismuth deposition rate

A fi] / min 15 20 25 30 35
B I 5E A/
(pg» mL™1)

URER/ % 99.11 99. 50 99. 84 99. 85 99. 85

177. 1 99. 82 32.60 30. 10 30.53

N 2 T LU Y Bl 2 0 R R ) A8 K Sk i DT R
RIEA KL H 25 min UG AR A K, R
H 10 Fh A BT 3R 45 J0 3 ARG I 45 SR 349 7 15 22 3 [
DAL o 58 B T 638 B 0 X 4% J5i 78 2% 18 A T 45 2R 5% i AN K
25 B B A DT R DR (8] 3 45 30 min,

2.3 WEASIBEENZEE

P IS 90 7 35, AT R 6 S AF T 250 mL
PR % K (L DR RE A Y pH (33~
4,500 7E = R KT 30.40.50,60,70 °C Ut %

30 min, i & F 50 mL FF B PR VR A
1omL G PR, v A1, 58 48 18 20 W 2 By s 5 A I
10 Bl OG89 DLFE R L2 3.

R 3R X RE R A

Table 3 Effect of temperature on bismuth deposition rate

R/ C % i 30 40 50 60 70

B 1 I A L/
(pg» mL™1)
URER/ % 99. 84 99. 83 99. 81 99. 84 99.85 99.82

31.12  33.20 37.15 32.62 30.50 35.78

N 3 AT LA R XA i DT R A A
s, MK 10 R 2 BT R L & TR WA TN 25
BJ A 1 25 40 TR P D IR X6 % JB T 2 R 0 4 SR
FEABA FER T LLAS 52 0 0 R = IR TR
2.4 SHITELMIERE

I3 BT S AR 5 A A HE L B R R oT R ik R
2~4 FRAPMTIG L . 4 RS G 7 W o 1A AR A%
P o 2 80 T TR A R 5 P RS Bl R R R TR IR A T
JEREF G - TR I 0 B T B 4 ad He AR BT L 1R R [
T fEE S8R TR R eI RS R &
e R R R K 3 e AR Sy R D 2 G 1 3 BT 4R
AP A TCR TG LK 4,

2.5 KAEHMZMKHR

Fie FEASCER T 5 1) AR S5 44 X b 8 TR R 9 R A 7
DU s AR T 3R 1Y ¥ 88 A e AR A 4 S 5 88 A A\ Ak
b A HEM 4k . TE AR TAE SR T X = [
VWS A 9 UK LA S 45 AR HE IR 25 1 3 f5 3t
BRI JC K WK R (LOD) L L 10 546 H Rl
ME FRLOQ) W45 - L% 5,
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Table 4 Spectral line of each element

JLER Cd Co Cu Fe

Mn Ni Pb Ti Zn

P /nm 228. 802 237. 862 324. 754 259. 940

279.553

257.610 231. 604 182. 205 323.452 213. 856

£S5 KREHZKMHEMNEE . KEORAFREEXRHNEHIR

Table S Linear range,linear regression equation, correlation coefficient of calibration curve and detection limit

TLH P /nm RAPEWE/ (pg e g D 2 [ )4 )y MRRM KR/ (uge gD WETR/(ug- gD
Cd 228. 802 0.10~ 25.0 y=446. 582+0.547 0 0.999 976 0.010 0.10
Co 237.862 0.13~ 25.0 y=114.82+0. 697 4 0.999 658 0.013 0.13
Cu 324. 754 0.36~25.0 y=1169.7x+63.777 0.999 844 0.036 0. 36
Fe 259. 940 0.54~ 25.0 ¥y=295.99x+15.592 0.999 893 0. 054 0. 54
Mg 279.553 0.46~25.0 y=10 488x+729. 73 0.999 928 0. 046 0.46
Mn 257.610 0.02~ 25.0 y=3 468. 22+4.576 6 0.999 919 0.002 0.02
Ni 231. 604 0.20~ 25.0 y=170.512+5.038 1 0.999 937 0.020 0. 20
Pb 182. 205 2.53~ 500 y=6.350 92+0.079 0.999 656 0.253 2.53
Ti 323.452 0.07~ 25.0 y=2904. 5x+63. 827 0.999 919 0.007 0.07
Zn 213. 856 0.15~ 25.0 y=532.51x+2.513 1 0.999 895 0.015 0.15
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Table 6 Determination results of

interference test of bismuth

o e W A/ AT i 2/
e (pg + mL™1) (pg * mL™h) %
cd 0. 20 0.198 2 —0.90
Co 0. 20 0.196 6 —1.70
Cu 0. 20 0.195 8 —2.10
Fe 0. 20 0.191 8 —4.10
Mg 0. 20 0.190 5 —4.75
Mn 0. 20 0.195 0 —2.50
Ni 0. 20 0.205 2 2. 60
Pb 5.0 4.956 —0. 88
Ti 0. 20 0.200 3 0.15
Zn 0. 20 0.202 1 1.05

& 6 0l LLFE W & 40 pg/mL (1 B AR
HEVR R X 45 TC R 52 W AR R A A SRy . A IE
BT A Fe KA XS 22 4. 75 %6, 76 A6 0 45 SR A 1%
ZVWE N, AT L2
2.7 hngR[E Y IR

Fie B892 86 J5 vk W K B Cd., Co, Cu, Fe,
Mg .Mn,Ni,Pb, Ti,Znl10 #fZ% i 5¢ % . 3 47 A
[ AT S 56 I 5 AR L 7
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Table 7 Results of recovery test

WEE / bR/ T E S/

I i /

LR (pg+mL™H (pgemL™" (pg+mL™D %
Cd 0.002 3 0. 20 0.2015 99. 6
Co 0.001 2 0. 20 0.199 5 99. 2
Cu 0.130 0. 20 0.320 1 95.1
Fe 0. 090 0. 20 0.294 3 102
Mg 0.176 0.20 0.3715 97.8
Mn 0.003 4 0. 20 0. 204 5 101
Ni 0. 060 0. 20 0.259 4 99.7
Pb 4.72 5.00 9. 560 96. 8
Ti 0.003 0 0. 20 0.204 1 101
Zn 0. 044 0. 20 0.246 1 101

R 7 0 LUE 73k bR R AE 95,106 ~
102%6 510 FhoTZAGISE ST 2 H & R IR B 2R
2.8 BEEXE

Fie B S 5% 5 vk I 2 K 8 b Cd., Co, Cu, Fe,
Mg .Mn,Ni,Pb,Ti,Znl0 # Z% i T % , [6 — kf 5 °F
ARSI O 3 o K 96 5 v (RORG %% 5 ARGl 45 R L3k 8.,

M 8 Al LLE B AORS S e S B T R Y
TR T 7 A PR o4y 9 b os 546 0 1 A % s v
i 22 B3/ T 1020 060 T g/ g GO0 WA I > 136 7 12
KR 8 132 B T LA A G T B R

RS FEBTELHRER

Table 8 Results of precision test(n=9)

LE MEE/ (pg =g ARG bR 1 22 RSD /%%
Cd 0.12 9.8
Co <0.13 -
Cu 6. 50 3.4
Fe 4.51 4.4
Mg 8.78 3.5
Mn 0.17 6.4
Ni 3.02 3.1
Pb 253 2.6
Ti 0.15 8.2
Zn 2.21 2.5
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3 Fig

XPHEEEHR Cd.Co,Cu,Fe Mg, Mn Ni,Pb.Ti.Zn %
10 F 2% oG 2 B HEA TR0 960, FH 20K 1 pH A
TUE J3 B8 248 R A3 Bl HE AR L A RO B 1 R U280 07 % A6
ME5 R, FEd pH (H7E 3~4, AR5 Cd.Co,
Cu.Fe.Mg.Mn.Ni.Pb.Ti.Zn 10 FZ% i 70 2 19 4 10 45
T ARG B BE A BE Y R A H R RIN EEK
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