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TCRAMER RS TR AT A
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B 0.10g, 3288 1.2 T8 5 FT AL B 7 75 T iR gk
PPAT I R A B b A E T R A, J
TR A EICEE mES R R 2 (RSD).

2 HiR5iie
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22 A SR A I R IR KA RS
I T 2, ZiFvkid B2 045 41443 B R & SRR
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WHETC R AL, B RE o N R B (B S5 1, 7,
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TF =2 (Si o R A i h 5 RS A8 B AL A
SiF, % 122 A Si s IR ITTR), 4 Fh
FRARIRRE S TR S R (1 SR FERITROUN Si,
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Table 1 Measurement parameters of ICP-MS instrument.

THES% BEAE TS BEAE
AT 1550W U HAR 0.45mm
PR 8mm ERE BN B 5=
BT (Ar) W#E 15L/min T 5 E 1
SBAAR (Ar) E#E 0.80L/min HRE 100
HA (Ar) i 1.05L/min || Cd JGEF 5T E Is
R Ni, Cu, Pb %
BURARHE AR Imm S 0.30s
SRk
IR AE
PRy LS
R
by XRF  FRITE HETLE
BIARES ——> gy o
A
. (EE/ETOUN R RN
R w T bRk
5 R IR 3 —
ICP-MS
NN
ICP-MS
A

GV IR AR et
WhAETTR G PAHEITR SR
Bl JEARPCAL ICP-MS IETIE S0 IR AL A A Fe R
KRR
Fig. 1 Experimental flow chart for the determination of
harmful elements in flotation samples of gold ore by the
method of matrix matching coupled with ICP-MS.
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Table2 Major matrix elements in flotation samples of gold ore.
ST FEfRZEH FEITLEMG R R AR FEITUEAS &
1 Si (29.75%) 5 Si (27.66%); Fe (10.60%); Al (10.27%)
7 - Si (29.84%); Al (9.78%) 6 Si (28.66%); Fe (8.27%); Al (10.58%)
Si (31.27%); Al (10.43%) 9 Si (27.93%); Fe (9.35%); Al (11.02%)
2 Si (30.47%); Al (9.63%) 11 Si (24.76%); Fe (15.85%); Al (10.99%)
2 Si (14.92%); Fe (22.87%); S (12.76%) 15 Si (26.64%); Fe (10.74%); Al (10.23%)
3 Si (19.06%); Fe (22.36%); S (13.52%) 16 BARIER  Si(28.45%); Fe (10.33%); Al (10.95%)
8 Pr— Si (13.16%); Fe (23.50%) 17 Si (27.75%); Fe (10.97%); Al (10.60%)
10 o Si (14.08%); Fe (20.57%); S (17.27%) 18 Si (25.64%); Fe (10.92%); Al (10.17%)
12 Si (13.59%); Fe (26.39%); S (22.35%) 19 Si (28.27%); Fe (11.21%); Al (10.71%)
13 Fe (30.48%); S (24.16%) 20 Si (26.96%); Fe (9.39%); Al (10.38%)
4 (IGREEIN Si (25.89%); Fe (14.46%); Al (10.37%) 21 Si (27.43%); Fe (10.62%); Al (10.84%)
2.2 EIREREANERERE O CENLCETR TR GRER R 135 RS (BB R R 17 SR

SRERGE o e B LA I AT Ni, Cu, Cd 1 Pb JT
B I A 1 A s, 3 R P R T R
M 500pg/mL F1 1000pg/mL {1 — b F1FG Fh LA ST R
W RE 500pg/L 4l F T RAR R, 2545
FBU R 10pg/L M 25 FE TR PR -
B, IR AR A T R AR R (PR EE
"Re) I 1 Bk H AR B A F U E & E W
1000ug/mL £A 3R T, Cu JCRWE N 11pg/L), 5
M2 S A AR X 22, 2551 T 3% 3. Ik L, =ik
JE IR TT R WOIR A F T R A ICP-MS it
R /N 5EUSE (10pg/L) M H, ARV B
FEAR TR FPIEIS W 25 F TR E 25 R 0 AT
TRZELE£10% LN . R, R 2208000 FE oo R
HES W IEAT A 0 PR A i v A 3 e 20 K,
JERATI
2.3 FHASTTEREW RIS F e R E R

WP FRE 8 SR (RBRELIA). 9 SHE S

3 AFEWREMREEACRBHRIRREE FLRERN
FEDO b 22
Table 3 Relative deviation of each hazardous element after

addingdifferent concentrations/types of matrix elements.

s gy S EERIGE SIS ORI 2 (%)

(ng/mL) Ni Cu cd Pb
f (500) -0.85 7.96 -0.74 3.00
B (500) -4.62 6.74 231 -0.79
Bt (500) -5.22 3.46 -3.85 6.29
B (500) 0.97 9.72 -9.32 2.03
BRER (1000) -1.97 8.31 -7.07 1.22

BRE5 (1000) 5.74 —-5.42 -2.70 -2.48
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(G2 IE o NI S Y AV O = T < I Tl |
1000pg/mL $RICER . BRICER . Bioc R . BB, 20T
RIS, WA FE ORI R IR R B 2
10, 20, 50, 100, 200 F1 500pg/L(H 48 EA w0 &
—EH Cu, BUHES RS SR 0 T R AR IR
B, KA Cu & i AR T A B oo R REAR 2R
BRI, BRIV VRORIAR fiE R 0% FH ), IUCRE N
Cu. Cd. Pb i, WA, 2L HF R AT (2% fisTR)
A FEICRIMER RO SR ERE 5 b F T il
o ARIAZ Q) BRIAFES TP A FEITR S & (R
{37 pg/L) %% i o B 1K P B A OT & A i LY
(P nglg)-

c= (Cl—CO)XVXd
- m

x107° (1)

A c WEERTAEETLTE S E (ng/e); o M ¢y 515
Shy T o A R VR o R s (b A T R WRE
(ng/L); V R I AT, LAk ok 100mL; d R i BEA%
B, ARERE vk B 5 ik i L RRAE s m MR
i, bR 0.10¢g,
AN EARA F TR AR 0 PR A
b A E TR W E AR TR 4. B, PSR
i o AR | A | e SR A AR A
TG E AR HEVE RO 3K, At A 5 03X 22 HE DL I 2
% 4 B WRTE 1000pg/mL FEAR MR ERTIL R, 40
SR F TR bR P AR T R RIS, X
SRR S A F TR MNALE R AR A ] 5
Wi, 53 2 B4R 5 2l AT F o0 RARE IR, XF 4 4>
FRFNE L HE T oA B 0 3 25 AR AR XA v D
22T 1.73% (KR /NT 5%). I, R A F
TCRPRER IR A R SRR G T &0 17 BEAE


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

£ 6 1]

XGRS, 2. SLORDTNC- FUBORE & 45 B TR0 A B0 A7 oA R

543 4%

Al A ECR AE R T

ARSCHE Sl A R AT R 19 S 2 B E T
BRI IO N B AR b A DR S i,
SRR A ERBLEEARA T U R PR ER RO T R AR A AT
BRERSEAAE S P TR ML AR SR A T
BRI O B 7 AR Al AT F TR E A RS
T 5. FHARZEAICR A FICRIRMER RO

KW TR R A ET R M B R, SR
T E Y [0 U FALE 80% ~ 120% G N . PRItk 78
1000pg/mL FEARVE FERTHE T, A FH TR bR I
FMTTER 22 I AR XTI R 7= A 5 i, FER DG i
J5 1 R ER B BEARA FE TC R AR HE A I, BRUE ARAR
HERA AR 2

Stk R R e SR 5 Al A T R bR

4 AFRRRAFEICRREF IO S AL A EC R R Hias R
Table 4 Quantification results of harmful elements in some gold ore flotation products using standard solutions of harmful elements in

various matrixes.

- A ETCEARIEE R Ni 2 1 Cu =4 Cd M= 4 Pb 52 A
215} e Y
HAATTE (ng/e) (ng/g) (ng/g) (ng/g)
R 363.38 596.78 24.61 1540.22
, o8 344.59 547.18 23.88 1569.77
8 Hhn Lk 372.52 564.39 24.15 1611.48
20, o : ' ' '
4l 356.31 574.64 23.50 1625.51
RSD(%) 3.28 3.63 1.94 2.46
R4 112.66 186.65 232 263.37
, o8 113.77 196.41 2.52 292.44
o s Hn e 117.31 210.64 257 294.22
(BRERELAE) s ’ ’ ’ '
4l 115.64 194.62 232 264.84
RSD(%) 1.79 5.07 5.41 6.06
R 336.18 311.63 17.54 1135.47
13 ERE, i 294.45 315.54 19.18 1199.29
301.20 321.80 19.05 1145.17
20, o
4l 317.10 366.45 18.89 1322.70
RSD(%) 5.95 7.73 4.07 7.17
a8
17 B %n ) 124.75 303.10 223 275.80
(L) 2% TR 118.06 288.17 2.20 257.33
e
RSD(%) 3.90 3.57 0.96 4.90

%5 AFRRERAEICRREF IO ISR RL R S R A S A E e R ISR
Table 5 Quantification results of harmful elements in gold ore flotation samples with Al- and Fe-Al matrix using standard solutions of

harmful elements in various matrixes.

P | mEesbaoe | N 4 G0 P o | N e Cd P
(ng/g)  (nglg)  (ngle)  (ng/g) (ng/g)  (pglg)  (ngle) (ng/g)

1 5862 6733 160 102.58 5722 63.85 161  90.96
7 ; 4456 10280 071  96.42 4256 9820 0.63  96.06
14 e 59.10 12533 1.00 108.18 59.10 116.57 0.82 119.4
22 3418 63.03 032 7024 36.13 6514 034  66.88
160.93 28257 540 497.02 160.93 267.77 541 5134

9430 24938 521 4367 116.83 206.86 5.89 377.65

6 8292 159.46 245 265.68 9234 140.05 224 254.67
9 112.66 186.65 232 263.37 - 12039 161.81 2.05 225.93
11 197.97 34082 622 697.57 B 197.97 290.04 631 663.41
15 e 10521 42865 225 303.61 111.45 36518 1.86 303.45
16 107.84 33823 1.87 186.06 96.84 297.13 1.55 18348
17 12475 303.10 223 275.8 11588 297.02 2.10 264.64
18 14936 42274 251  266.65 13623 44174 2.15 268.78
19 68.25 384.89 1.85 256.20 56.95 3414 174 263.90
20 86.69 25090 199 152.05 95.12 253.08 1.83 173.13
21 94.00 34936 240 282.20 92.33 358.58 230 276.88
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Ui's 8~29 fUIE AW PRIE 1~22 SHEA ). FEIRITHL
7 7 A it P s [ i 3 e a0 I AR,
& 0 BSR4y A AE 90% ~ 110% 22 18], J5 & W 78
85% ~ 100% 2 [a], FEPRPCECIMRAS AR 5 AR ISR
5100% Z(E4XHE 34250 1.64%, 1574 K
2.16%(F-¥22, B4 22 (H 4 XHE -5 HAF 5 2 2540
SR (0 B AP 41 80), AR DE 3 P s [ S - 4 2
BT EAR TR 24.07%, S04 & T EhRE
VWS TH AR RE 5 2 R BRI ik 22 52, 2 — e
BE EXP e R A AR o SRR DTS
AT REARAE B 3, s R 0 5 B sl
2.4 FHKPUAL 1ICP-MS JERIIEA R 2 I EA
2.4.1  JyikiERRE

FERE ST AR, SR AR I A T 2T

110

—_
(=]
(%)

SRR 1%
>
(=}

R

O
(=]

| |—o— JEEAA
O P Lk

0 5 10 1‘5 2‘0 2.5 30
R
B2 BEIIENR A B AR bR R R
HIPIBR I

Fig.2 Recovery of internal standard of gold ore floatation

85

samples using harmful element standard solutions with

Fe-S matrix compared with that of pure regent.

F6  HAILUMbR PSR SR

N BTy = T L RE S v WAcl Wy R E R G 2L 1] PR
A INAR S S 08 1.6 7RIk, £ I0R ks ik
RT3 6, WP, WAL 50 45
A EICE AR ICRLE 92.08% ~ 105.36% 2 i), %
A D T A Ao o v 45 A 8 0 ZE AR JE A R T ik
JAR 5255 v 25 A FE T R bR IR ERAE 95.68% ~
106.05% Z [8], S 7= AN [R] B E URE 5 18 3 i v
I F TR MR, 5 2.2 5 LI A5 S
PR o T B s [T S5 s 2 BH 3 v M
PR
242 JrEKEEE

PIAAESL Y 6 A PATIH R SC e S A FE TR
(I 5 R T4 7, AR b, AT TR T i
BAKAY Cd JEE Y RSD {HAXT R, (H kT & Y
RSD {E N4 K. £ 0 A RSD 7E 1.21% ~ 4.69% 2.
] o % B S50 ) 48 b 8, BOHE Dk B/, E

P

3 Hig

2 SR I SL R DTIE ICP-MS V: 78 4 1 V7 DR RE
an PR A FH IR . B SR XRF #iiA 45 i ik
FES 0 E R EHATTR G, H A MRS BRER A
MBI =26 7F 500ug/mL F1 1000pg/mL Heik
W, R ST R RSSO RUE AR A TR E
SER TR, HAX R 22 7E£10% LA, R WIRH]
o VR E I BRI T R IR A E TR AR, A
SNHFEICRE AR A, B AR E
TCFEARHER AL E It &0 PR RE i oA TR A
AR BN 55 AR 22 R IVEH . 7R A FE TR AR
AU FEAHIA] (1000pg/mL) FURTHE T, 40 17 BERE A
A FHICHR E 45 R Z AR TTR I E 0w,
H5 2G50 T R AR S B 45 AR AR X AR o

Table 6 Results of spiked recovery experiment for the dissolution and measurement.

" Ni 5 {H Cu JE(H Cd MEfE Pb I 5E{H
P AR
(ng/g) (ng/g) (ng/g) (ng/g)
14 SHE 59.10 116.57 0.82 119.40
14 SFEF+10pg K 70E (HF) 161.72 221.93 97.55 211.48
JidREICE (%) 102.62 105.36 96.73 92.08
6 FHEM 92.34 140.05 2.24 254.67
6 SHE R SFAFRRR () 97.08 122.16 50.22 177.92
JibR EISCE (%) 101.82 104.27 98.20 101.17
13 SHE 336.18 311.63 17.54 1135.47
13 SR A SRR (L) 215.93 208.84 57.71 619.26
JidR B (%) 95.68 106.05 97.88 103.05

— 962 —


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

55 6 3] XVGELAR, 2. SEORDCHC - BORE 5 25 B TS B e A W P A TR %43 %

7 MbRRPRRETR

Table 7 Results of spiked recovery experiments.

TP TR 6 YT ATTHA I (ne/e) VHE - RSD
(ng/e) (%)

Ni 116.83 119.04 114.52 121.75 118.08 111.61 116.97 3.04

Sy Cu 206.86 208.96 212.57 204.88 210.73 209.09 208.85 131
i cd 5.89 5.98 5.66 5.42 6.07 6.15 5.86 4.69
Pb 377.65 360.19 384.57 366.42 379.76 359.97 371.43 2.86

Ni 330.05 344.47 327.59 335.04 338.73 349.62 337.58 2.50

12 R Cu 356.31 347.87 342.46 360.93 354.52 361.42 353.92 2.11
cd 20.18 18.25 18.57 19.62 19.74 20.09 19.41 4.16

Pb 1227.43 1268.87 1239.15 1241.06 1251.53 1231.50 1243.26 121

T 22/NT 7.73%, TN FR IR 100% BEARMEZE(E (RSD) 4 1.21% ~ 4.69%, FATHERfHE i A4S A

o4t i ) - 15 2 B At R A 5 0 AR TR AR STy P AR S e TR R i R A A E T
24.07%. B, SR TR FoX R A Zr9E mINk, (A FHAE S Rmy ek & 42
IR A R RS R 4 17 PR R RE A, 2O TR AT RS IR A e R IR B 15 4 3 SRS
D ) AR T R [HISCRAE 92.08% ~ 105.36% Z [0,  BR S 2, 76 Hb T A7 7= B A I &5 3k 2L A7 — 8 5
Wk R 5 bR L3N 95.68% ~ 106.05%, K5 % M,

Determination of Harmful Elements in Flotation Products of a Gold Mine
by ICP-MS with the Matrix-Matching Method

LIU Qirong', CHU Bu', CHEN Shuhang', JIA Xiaoxu’, ZHANG Zhihang®, XIE Weining'"",

WANG Shuai’, FENG Peizhong4
(1. School of Chemical Engineering & Technology, China University of Mining and Technology, Xuzhou 221116,
China;
2. School of Environment and Spatial Informatics, China University of Mining and Technology, Xuzhou 221116,
China;
3. Advanced Analyses & Computation Center, China University of Mining and Technology, Xuzhou 221116,
China;
4. School of Materials Science and Physics, China University of Mining and Technology, Xuzhou 221116, China)

HIGHLIGHTS

(1) Solution concentration and types of maxtrix elements show little effect on the determination of trace harmful
elements.

(2) RSDs of quantitative results of harmful elements in gold ore flotation samples using different types of matrix
elements and pure reagent harmful element standard solutions were less than 8%. Internal standard recovery rate
of the matrix matching method was relatively stable, with an average difference of 24.07% lower than that of the
non-matrix matching test.

(3) Spiked recovery rates of harmful elements in gold flotation samples using ICP-MS method with matrix matching

were 92.08%—106.65%, and RSDs of determination results of parallel experiments were less than 5%.
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ABSTRACT: For the quantification analysis of harmful elements (such as Ni, Cu, Cd and Pb), which may have the
same grade or high content as gold, the complex matrix of gold ore can produce inhibitory effects, weaken the
ionization rate and signal response, and show a negative effect on measurement results. In the work described here,
inductively coupled plasma-mass spectrometry (ICP-MS) with matrix-matching was applied. Compared with the
standard solution of harmful elements with pure reagent, a standard solution of harmful elements in a complex
matrix reduced the difference in the matrix when the solution of the sample was dissolved. The accurate
determination of harmful elements was achieved with the calibration of non mass spectrometry interference by the
internal standard solution and matrix-matching. Main matrix elements of each flotation product of gold ore were
determined by the mineralogical analysis, and sample dissolution was conducted by the microwave digestion with
HCI-HNO;-HF. Recovery rate of 10pg/L harmful element were 90%—110% in 500pg/mL and 1000pg/mL matrix
solution of single and multiple types of matrix elements. Quantitative deviation of harmful elements in flotation
samples of various matrix types was less than 20%, which was measured by harmful elements standard solution with
single and two types of matrix elements of 1000pug/mL. Hence, the harmful element standard solution with the Fe-S
matrix was applied for the determination of harmful elements in flotation products of gold ore. For the spiked
recovery experiment of representative samples measured by the standard solution, the elemental spiked recovery rate
ranged from 92.08% to 106.65%. Six parallel tests were conducted on representative samples, and the relative
standard deviation (RSD) of each element was 1.21%—4.69%. ICP-MS with matrix matching method is suitable for

quantification determination of harmful elements in flotation samples of gold ore.
KEY WORDS: ICP-MS; gold ore floatation product; substrate matching; quantitative analysis; harmful elements

7‘5%?@( Chemistry, 2023, 13(8): 775-782.

[1] BRHEE, 200, ARSEAR, 25, TR & s i 6 37 (4]  TLAENE, fkI, 220, 46, ICP-MS FEAR DG Pt v i i ng
VS [J]. 57 48 A, 2024(3): 206-210. R e T = BRESR T 11 Foc R e iE s at ], 259
ChenY B, Li G S, Zhu X F, et al. Flotation of an arsenic Mk, 2024, 44(2): 316-323.
bearing high sulfur gold mine in Gansu Province[J]. Shen T T, Zhang B, Li Y, et al. Determination of
Multipurpose Utilization of Mineral Resources, 2024(3): migration of eleven elemental impurities in ketorolac
206-210. tromethamine injection by ICP-MS with matrix-

(2] SR, 835 X, & s, 55 A A AL MELL FE 40 matching method[J]. Chinese Journal of Pharmaceutical
BB (J]. A48 T AR, 2024, 14(5): 73-80. Analysis, 2024, 44(2): 316—323.

Guo W, Tan Q Y, Gao L Q, et al. Pre-oxidation of pyrite ~ [5]  #2#R, #hih, SN, %5 Gald - R & 45 5 A
in refractory gold ore using MnO, as oxidant[J]. Tk 0 5 B A P R B R (D], A T, 2024,
Nonferrous Metals Engineering, 2024, 14(5): 73—80. 43(5): 783-792.

[3] 7, i, a3 s 45 JLRPU-H B A 55 Chang X D, Du J, Sun W M, et al. Determination of
FRFTRE (ICP-MS) I E B AFE T HR A E LR beryllium and tin in beryllium ore by inductively
L], s EFHL#T e, 2023, 13(8): 775-782. coupled plasma-mass spectrometry with alkali fusion[J].
Xie W N, Feng P Z, Zhang B L, et al. Determination of Rock and Mineral Analysis, 2024, 43(5): 783—-792.
trace harmful elements in fluorite concentrate by matrix L6 ™M %, Ul RIKA, . HEBFESE FIRET £
matching-inductively coupled plasma mass spectrometry BHGIEEE Ties EiREk &4 16 FooE 1], 4t
(ICP-MS)[J]. Chinese Journal of Inorganic Analytical M-, 2024, 43(9): 1348—-1355.

— 964 —


https://doi.org/10.3969/j.issn.1000-6532.2024.03.032
https://doi.org/10.3969/j.issn.1000-6532.2024.03.032
https://doi.org/10.3969/j.issn.2095-1744.2024.05.101
https://doi.org/10.3969/j.issn.2095-1744.2024.05.101
https://doi.org/10.3969/j.issn.2095-103
https://doi.org/10.3969/j.issn.2095-103
https://doi.org/10.3969/j.issn.2095-103
https://doi.org/10.16155/j.0254-1793.2024.02.15
https://doi.org/10.16155/j.0254-1793.2024.02.15
https://doi.org/10.16155/j.0254-1793.2024.02.15
https://doi.org/10.16155/j.0254-1793.2024.02.15
https://doi.org/10.15898/j.ykcs.202403310073
https://doi.org/10.15898/j.ykcs.202403310073
https://doi.org/10.12452/j.fxcsxb.240626173
https://doi.org/10.12452/j.fxcsxb.240626173
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

£ 6 1]

XGRS, 2. SLORDTNC- FUBORE & 45 B TR0 A B0 A7 oA R

543 4%

[7]

[8]

[9]

[10]

[11]

[12]

[13]

Yan P F, Zang S, Song T J, et al. Determination of 16
elements in Ti65 high temperature titanium alloy by
inductively  coupled plasma atomic  emission
spectrometry [J]. Journal of Instrumental Analysis, 2024,
43(9): 1348—1355.

Zhou X, Gui L Y, Lu Z Y, et al. Trace rare ecarth
elements analysis in atmospheric particulates and cigar
smoke by ICP-MS after pretreatment with magnetic
polymers[J]. Analytica Chimica Acta, 2024, 7: 343003.

Dong J H, Liu J Z, Xing P J, et al. High-efficiency
miniaturized ultrasonic nebulization sample introduction
system for elemental analysis of microvolume biological
samples by inductively coupled plasma quadrupole mass
spectrometry[J]. Analytical Chemistry, 2023, 95(15):
6271-6278.

Mitsuru E, Kazuki H, Naoki S. Determination of trace
rare earth elements in rock samples including meteorites
by ICP-MS coupled with isotope dilution and
comparison methods[J]. Analytica Chimica Acta, 2020,
1101: 81—-89.

UL, AN, A0, A = DR B A A R T
PRI (ICP-MS) & S AL B TP 13 R - 2% e
Z[1]. rETCH BTG, 2024, 14(3): 343—349.

Li WH, LiY, LiJ, et al. Determination of 13 rare earth
impurity elements in

europium oxide by triple

quadrupole  inductively  coupled plasma  mass
spectrometry (ICP-MS)[J]. Chinese Journal of Inorganic
Analytical Chemistry, 2024, 14(3): 343—-349.

5L, R, KB 1R, % ICP-MS/MS H & 7
4l Bu,O, "R B 4E . B, Rk (3. T AR 2,
2016, 34(4): 453—459.

XuZL,WuHY, Zhang Z Y, et al. Direct determination
of super-trace levels of thulium, arsenic and silicon in
high-purity Eu,0; by ICP-MS/MS[J]. Journal of
Chinese Journal of Rare Earths, 2016, 34(4): 453—459.
HuS H,HuZ C, Liu Y S. Determination of sub-trace Sc,
Y and Ln in carbonate by ICP-MS with inter-element
matrix-matched technique[J]. Journal of Rare Earth,
2023, 21(2): 124-128.

R, I, R, S AR bR B A S B

[14]

[15]

[16]

[17]

[18]

AR 3 0 0 i 50 R AR BT R L] A I,
2023, 42(6): 1142—-1155.

Tang Y C, Feng Y Y, Zhou T, et al. Rapid determination
of trace impurity elements in pure molybdenum by
inductively coupled plasma-mass spectrometry based on
the online-standard-addition method[J]. Rock and
Mineral Analysis, 2023, 42(6): 1142—1155.

S, A, SRR, A MG B RR e iR
B 14 FIR I ITR WA R R B PR FACIE T R
FELI]. A3, 2024, 43(9): 1356-1361.

Han T, Gao S, Zhang Y B, et al. Investigation on the
relative sensitivity factor correction method of 14 trace
elements in powdered superalloy by glow discharge
mass spectrometry [J]. Journal of Instrumental Analysis,
2024, 43(9): 1356—1361.

B, EARA, BHE, 55 MG BT 20 1 o
BaPAEEIGE ] S HriR AR, 2024, 43(9):
1370-1375.

Li X X, Wang C C, Li H, et al. determination of oxygen
and nitrogen elements in nickel-based superalloys by
glow discharge mass spectrometry[J]. Journal of
Instrumental Analysis, 2024, 43(9): 1370—1375.

Vs . TR Bk D 5 5 G 9 PP 45 JT R AUAR XS
FAGPEN T (7], P, 2024, 50(3): 84-89.

Tang Y T. Determination of relative sensitivity factors of
elements in alloy steel by glow discharge mass
spectrometry[J]. China Measurement & Test, 2024,
50(3): 84—89.

Wang C Q, Li W, Chen D, et al. Chemometric
assessment of electronic cigarettes based on the ICP-MS
determination of metal concentrations[J]. Chinese
Journal of Analytical Chemistry, 2024, 52(5): 100396.

r UG, BRI, Tk B, SF. X ST OO AN E
FACPLER Pk, B R & B (0], PRARA S (fer
511, 2014, 50(6): 681-684.

Gao S F, Zhang H Y, Zhang Y P, et al. XRFS
vanadium and silicon in

determination of iron,

ferrovanadium  nitride[J]. Physical Testing and

Chemical Analysis (Part B: Chemical Analysis), 2014,
50(6): 681-684.
— 965 —


https://doi.org/10.12452/j.fxcsxb.240626173
https://doi.org/10.1016/j.aca.2024.343003
https://doi.org/10.1021/acs.analchem.2c04789
https://doi.org/10.1016/j.aca.2019.12.031
https://doi.org/10.3969/j.issn.2095-10
https://doi.org/10.3969/j.issn.2095-10
https://doi.org/10.3969/j.issn.2095-10
https://doi.org/10.11785/S1000-4343.20160410
https://doi.org/10.11785/S1000-4343.20160410
https://doi.org/10.11785/S1000-4343.20160410
https://doi.org/10.15898/j.ykcs.202304020042
https://doi.org/10.15898/j.ykcs.202304020042
https://doi.org/10.15898/j.ykcs.202304020042
https://doi.org/10.12452/j.fxcsxb.240628177
https://doi.org/10.12452/j.fxcsxb.240628177
https://doi.org/10.12452/j.fxcsxb.240619149
https://doi.org/10.12452/j.fxcsxb.240619149
https://doi.org/10.12452/j.fxcsxb.240619149
https://doi.org/10.11857/j.issn.1674-5124.2021110130
https://doi.org/10.11857/j.issn.1674-5124.2021110130
https://doi.org/10.1016/j.cjac.2024.100396
https://doi.org/10.1016/j.cjac.2024.100396

HO

i

%61 2024
woM http: //www. ykes. ac. cn 024 %
(191 kBT, W1, BEHa s, 45, flie SOn it - s B A 5 45(4): 531-539.

[20]

[21]

T A B DN S R R A R R R R L),
B4AHT, 2022, 42(5): 15-20.

Zhang X Y, HuJ Y, Hou Y X, et al. Determination of
trace copper, zinc and barium in nickel-based superalloy
by inductively coupled plasma mass spectrometry with
collision reaction cell[J]. Metallurgical Analysis, 2022,
42(5): 15-20.

TRtd, EI%, Ui, 55, OB AR -RE AR TT S 5 23 B
SRR G A5 8 TR B R I E A P R ] R
43T, 2022, 42(6): 30-36.

Shen J, Wang B, Xu Q R, et al. Determination of tantalum,
uranium and ytterbium in coal by microwave digestion
and high resolution inductively coupled plasma mass
spectrometry  based on  matrix  matching[J].
Metallurgical Analysis, 2022, 42(6): 30-36.

THIRE, JE¥, FE— )1, A5 SR AR - PR 1CP-
MS FE B el 3 4 IR BT R MR T BRI LR
5% (30, i 4l 2024, 45(4): 531-539.

Feng Y Y, Zhou T, Tang Y C, et al. Quantification of
trace elements in superalloy by quadrupole ICP-MS
based on oxygen reaction mode and study on the

elimination mechanism of spectral interference[J].

Journal of Chinese Mass Spectrometry Society, 2024,

— 966 —

[22]

[23]

[24]

RGeS, WIHE TG, Sk W, A Rl - rL B A AR S
TR BRI E A7 SR 16 AR Lot R ] h E
3T, 2024, 44(8): 18-26.

Li X J, Hu Y Q, Zhang J M, et al. Determination of 16
rare earth elements in graphite ore by inductively
coupled plasma mass spectrometry with microwave
digestion[J]. Metallurgical Analysis, 2024, 44(8): 18-26.
TR, TRAER, 2R, 45, TSR] HT AR # 7  1CP-
MS BN E L3 rh 22 R BT R (I1. 2 Hr Rk 4k,
2024, 40(4): 454—460.

Fan J N, Zhang Y, Li G P, et al. Determination of 22
metals in soil by ICP-MS based on different pretreatment
methods [J]. Journal of Analytical Science, 2024, 40(4):
454-460.

X, R, BUIRR, 55 R S B TR R TR
SPF D' e A TC T A o ) s B S 4 v B e L.
S 5 GIE 4T, 2024, 44(8): 2250-2255.

Liu J, Tan S N, Qi Z N, et al. Determination of
chromium content in nickel base alloy by matrix
matching calibration method of inductively coupled
plasma atomic emission spectrometry[J]. Spectroscopy

and Spectral Analysis, 2024, 44(8): 2250—2255.


https://doi.org/10.13228/j.boyuan.issn1000-7571.0116
https://doi.org/10.13228/j.boyuan.issn1000-7571.0116
https://doi.org/10.13228/j.boyuan.issn1000-7571.011677
https://doi.org/10.13228/j.boyuan.issn1000-7571.011677
https://doi.org/10.13228/j.boyuan.issn1000-7571.011677
https://doi.org/10.7538/zpxb.2024.0001
https://doi.org/10.7538/zpxb.2024.0001
https://doi.org/10.13228/j.boyuan.issn1000-7571.012330
https://doi.org/10.13228/j.boyuan.issn1000-7571.012330
https://doi.org/10.13228/j.boyuan.issn1000-7571.012330
https://doi.org/10.13526/j.issn.1006-6144.2024.04.012
https://doi.org/10.13526/j.issn.1006-6144.2024.04.012
https://doi.org/10.3964/j.issn.1000-0593(2024)08-2250-06
https://doi.org/10.3964/j.issn.1000-0593(2024)08-2250-06
https://doi.org/10.3964/j.issn.1000-0593(2024)08-2250-06
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

	1 实验部分
	1.1 样品信息
	1.2 样品前处理
	1.3 标准物质和主要试剂
	1.4 实验仪器
	1.5 数据质量控制

	2 结果与讨论
	2.1 浮选样品的主量基体元素组成
	2.2 高浓度基体对镍铜镉铅元素测试准确性的影响
	2.3 基体元素对金矿浮选样品中有害元素定量影响
	2.4 基体匹配ICP-MS法的测试质量评估
	2.4.1 方法准确度
	2.4.2 方法精密度


	3 结论
	参考文献

