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Table 1 Working conditions of the instruments

Baxl Ca Mg & 5t [ 52 (3R 7O R 20 404 AR AT (1%
W S T Ca Mg 25 45 AN A ] 9 G At 28 780 e i
AR i TSR R e i
i Ca BAARPEFTINR , 7153t BRIRER v Ca X Ni fY
THRRBC y, WA RE S HEAF I IE . % R IE SR
A ) B B , 1H R % 1B ) S BRRE i rh sk
REA T4 T RE S BN IE IR 2 . A Scazid 4y B
Ca Mg Hif5 291 25 SR8 52 Ca Mg X Ni Sc
(TR ACE " e LR b DABRIR L A R —
PRUED TR 15 1E A S 5, LA R S 3800
DABRER L 4 R — bR b Ni\Se B ASE 5
IEEZ 2R HZ TR, 5 Ca Mg &34
HAHREREIE IR B bR R Eh 2 R — bR
JFUH) Ni Se K 1E B3 45 A LA E (AR X HE, 2R 15
FRERERE A Ni L Se £ IE$d 43 345 ICP - OES &
XRF FFill453 Ni Sc & B e b, SR IEAS 1F 7
AT

1 SEUS s
L1 AU K TR

Thermo iCAP Q %Y H J&HE & 55 B9 1 14 B35 X
(ICP - MS, 3£ [ ThermoFisher 2\ 5] ) ; Thermo iCAP
6300 7 H S 5 55 25 1A & OG5 (ICP - OES,
2 [H ThermoFisher 7\ 7 ) ; Panalytical Axios %I X
LT (F 2N A F]) o AU IR T
YEFAN T3 1, WA X bRifER 25 (RSD) ¥/ T
10% (n=10) ,
1.2 brifEIg i 2EA5

Ni [5 bR TR it VT (1 A 04 TR S H 7
BRI L) 5 Se B ZBRERE I (E 24 6

ICP - MS ICP - OES XRF
24 T 24 Tl 2 LR
SHF R 1550W SHF % 1150W AL Ka Ko
B AR i 15L/min PR MR — ERIE Duplex Flow
H A 1.2L/min B A 0.5L/min FORIIETYEN LiF 200 LiF 200
i B 0.82L/min FEUSES 0.22MPa & 60kV 40kV
EA A 1.0551/min Ak 501/ min i 60mA S0mA
TEFRIK 5L/min AR H [a] 20s PHD 18 ~63 32 ~68
Ak 40r/min
Far i 75 =X Bk

— 188 —



52 1]

WRAETE, 45« BRIREL AR A rP BN BUAY RLJBORE 5 25 5 TR B T 5 TR Dy i

5540 &

&)@ BT AR AT I ey ) 5 Ca B ZEBRMERE
FrRuEvs i (B A (48 8 B i A1k 3 p i e
) s Mg B FARHERE b PR ETE I (B H A 648 K&
L AR i e o

fiSER (BV — I, db 5 Ak 2350 0 55 o A PR B2 4
) AT (MOS, Jt o b2 R BIFIE ), i &
fiz (MOS, K B2 K fb 24 X R A BR A A , - F
VS FRAE i

FH KR R EH FK(BHZE=18.2
MQ - cm),
1.3 FEb i By ik
1.3.1 ICP - OES J% ICP - MS 43#f

S U B TR AR ) R AR Y S
[irEe=

HERRFREL L 7E 105°C L 2h pymiz £k v [F K
— bR fEW B (LA AT I e B D
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P EHBRR E TE 2 130°C , YRR E T R
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Diagram of interference degree of Ca on Ni and Sc in

single element standard solutions
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standard materials
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N, = @ XNgo + b, (2)
Xben, WEOEME; o, HWIRME: 0, AEET
%{E, a0 7"7/%:{@4143 CaO é\ﬁ;ax’ 0 b, ﬁ'%Uj‘j CaO
XEFNICR TR, G TR A4,
x RFFNICE Ni fil Sc,

H12¢ 2 ] UL, FHRRIRER A B K — A Y T by
AR, A R IEAE 5 8 (B AR R 25 B 7E i
FRTE I, 454 DZ/T 0130. 1—2006 BY%isk . F20Hi%
J5 B F PRk R A E R — Y B E

5 UG RIS, A% 1E 7 B T R M R £ R
HiNi L Se 19 TR IE, 15 B 45 R 5 ICP - OES ¥
J XRF 3 {0 o 25 S X b L2 3. Ni T Se [ A% 1E

n. =n -n
Xeorr Xtest Xint

B SR RS B B A AR AT, ST A
Xof LB A A O i 25 2 7E SR RRYE FEL N, A5 5 DZ/T
0130. 1—2006 FYE Rk, Hof Ni g8 I % 5 1Cp
— OES MR E5 4 9 AH Xl 222 /NF 15% , 5 XRF i
TR I AE X 22 34/ T 13. 3% 5 B FAE AL Sce
TR Z/NT Spe/g, XRF 38 XE DL o 0 A5, i
ICP — OES it 58 IEERVE XS Lb , W A X i 270N
T 13.5% o HICAT 0L, %88 0E J7 3 AR IS T R A
TRTR ER A FE Al (I 2

i FERE T AL B BRFN 43 B 07 B P AT DN 10 £y
[ Z b i 9 i GBWO7133 31 44 e A X 4% o M 22
(RSD) , 5 W5k 4, T HKIE, ICP - MS i &
(1) Ni £ Sc B EIM: R 47, RSD /NF 5.5% , Xl
R TP E R HER FE SR At 1 S 25 A

H ARSI K A3 B i) O, R Ca () SRR 2R 5100
A2 SR AR T LIARI LA DU REAR A 4k, {H AU
B I FEFHEANE T F S bkt i 1) T HRAL IE , AR B sk
PR AR R A — G b v Jo I 0L 45 S ) R B S
FARIKIRER A FES I TP FE R, BiE A&

2 JRILHEREA L
Table 2 Comparison of accuracy of the method
GBW07108 GBWO07128 GBW07132 GBW07133 GBWO07136

£ IE i3 : i i \ i L AR
| [t i T s i b 1) o et meatie T AR W RIER L AR I B [ AR

/ / S (% © (% / S (% / © (% (%
fh | % |(ne/s) (ne/e) ) (%) (ug/gHuyg)(%) (%) [(ne’e) (ue/e) gy (%) <ug/g)<ugg)<%) (%) (ug/g)(uyg)(% (%)
MNi|17.8 143 198 17 | 43 295 313 21 | 6.6 2.04 69.1 20 | 48 1.94 59.7 21 | 1.6 -0.36 122 25
Bise| 6 736 227 21 | 0.5 -0.13 127 30 | L1 075 3.6 27 | 1.9 0.72 621 25 | 0.3 -0.47 257 30
Ni|17.8 168 56 17 | 43 516 200 21 | 6.6 58 1.8 20 | 48 513 69 21 | 1.6 1.8 14.4 25
Blse| 6 720 202 21 |05 056 120 30 | L1 123 118 27 | 19 182 42 25 | 03 0.2 267 30

- - N ) g ) e 1 _ ST s e
s TR = X X Yoeg) X100% O Yo D BETEAT X AT AUTFAR =~ x (14,3745 2 7.659) SO € =1 X AVE .

43 R AR R ES R

Table 3  Calibration results of unknown carbonate samples

e Ca0 | MgO Ni & (pe/s) Sc At (pg/g)
“HH
o R @R | ICP - MS ICP - OFS #A%HW2E AifbR[ICP-MS  XRF  AAXHR2E AifBR [ ICP - MS ICP - OES #ixH 2% ik
i

(%) | (%) | KiEf  WEl (%) (%) | BEHE WEE (%) (%) | RE[ WEE (%) (%)
S1 | 32.4 | 21.5 | 3.14 4.25 15.0 30 3.14 4.10 13.3 30 0.64 0.84 13.5 30
$2 | 31.6 | 21.6 | 4.50 4.83 3.54 30 4.50 5.00 5.26 30 0.74 0.85 6.92 30
$3129.3 | 20.2 | 9.09 9.65 2.99 27 9.09 10.4 6.72 27 2.56 2.53 0.59 30
S4 ] 29.3 | 18.3 | 9.92 9.47 2.32 27 9.92 12.8 12.7 26 3.69 3.10 8.69 30
S5 | 25.9 | 21.1 | 17.34  17.71 1.06 24 17.34 15.6 5.28 25 6.22 4.74 13.5 29

TR = (1 X g — X1/X) x100% 3 Hoit X e HBEIEAE X R P390 ALVFHR = € x (14.37X 0129 ~7.659) , Jiip € =1,X P39
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F IR Mg (IR0, J5 2 A Bk Rk A [ %
— R A TR, T P AR T A IE 2R AR
TR IEAT: ff 1R P A 22 SRt R AR IE R 22

R X A R 2 ) G — b v A0 o S o R TR
AR T SR A5 AT L 7E NI Se 9 IE
207 S T CaO 528 30% ~56% 1k
FREL ARSI, Ak SR A A T IE B
N [ X BT 2 B % — AR A T LA B A SRR
PEATRTALIR , HAE R — (A8 A 1F R A TR AL I
it G PR A BRI b AL S A rh ) R N2 T S T
RGeiR%E . R, i A R RS RS YR A
], PLA5 AR Rt AN RS ] 3 AR 4 ] —
IRIIRIR LA B R — AR e A5 7 R TR
TR IE

%4 iR

Table 4 Precision tests of the method

- GBWO7133 43yl 5= 45 ¥ E RSD
JLE
(peg/g) (ng's) (%)
5.38 5.04 4.81 5.13 4.79
Ni 4.99 4.3

4.75 5.01 5.23 4.95 4.76

1.82 1.9 1.72 1.82 1.69

Se 1.93 1.95 1.7 1.88 1.92 183 5.4

3 i

i I ICP — MS ik R £5 A i H %) Ni il Se
B, AR B 40 A0 B TP A A . AS SCFERT A
WFFEFemt b, 42 W AE FE R DT E 7 FE At E R84 T
PR IE ¥k o %7 B AT LU 5 O UBR R 6
T E R — PR UEY A AR IE AR, BT LA bR 3R A
RN 1 B0 s Qe BRI 22 T P & B — 1 Ni
1% Se A R 43 TR i 2 5 O X Bk R £k 4 1 K — Gihn
YHED) BT I E i 400 & AR N A T R, T4
%*Ca'0 Xt Ni yF i &* Ca' H Xt Se iF4. #
BT T A bR B B R — S b ) A
IR R L R b 1 TR IE , Y945 2 R

T RALIE I A 8 o 7 1CP — MS il ke
fRER 7 Ni Fl Se B YR B TP AT i T4 7]
B, BRI, FERRBRER 11 ICP — MS I3t Fp A 47 7E
532 THICE, W Cr M Ph ™ 48 JER5E 458
AR M W TIRIE T % B T Ca F1 Mg
A2 A, ] RIS A AL T PRI, PHIL, X LR
Z A HLHI R R 7 SR 5 i — 25T
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Inductively Coupled Plasma — Mass Spectrometric Analysis of Nickel and

Scandium in Carbonate Rock Samples and Interference Correction
Methods

CHEN Fei — fei, RAN Jing, XU Guo —dong™ , CHENG Jiang, CHEN Yu
( Chengdu Center of Geological Survey, China Geological Survey, Chengdu 610081, China)

HIGHLIGHTS

(1) Non — mass spectrum interference of Mg and mass spectrum interference of Ca on Ni and Sc existed during the

measurement of carbonate rocks by ICP — MS.

(2) Interference correct method was based on a good linear relationship between the interference degree of Ni and

Sc and the content of CaO in carbonate rock.

(3) Nickel and Sc in carbonate rocks were accurately measured by 1CP — MS.
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ABSTRACT

BACKGROUND: Inductively coupled plasma — mass spectrometry (ICP — MS) has been widely used in the
determination of trace elements in carbonate rocks. Due to the low Ni (1.6 -50.5ug/g) and Sc (0.3 -6pg/g) in
carbonate rocks, the signal values are obviously interfered by high CaO (up to 56% ) and MgO (up to 21% )
during ICP — MS determination, resulting in the test value much higher than the true value.

OBJECTIVES; To solve the problem of non — mass spectrum interference and mass spectrum interference of Ni
and Sc during ICP — MS analysis of carbonate rocks and use appropriate correction method.

METHODS:: The single standard series of Ca and Mg and national first — level reference materials of carbonate
rocks were used to study the interference of high content of Ca and Mg on Ni and Sc in the carbonate during ICP —
MS analysis. Testing of the single standard series was aim to explore ways of interference on Ni and Sc by high
content of Ca and Mg in solution. The national first — level reference material of carbonate rock was further selected
as the calibration carrier to eliminate the matrix effect of Mg. At the same time, according to the good linear
relationship between the content of CaO in the sample solution and the interference degree of Ni and Sc, the
interference equations of CaO and ANi and A Sc were fitted respectively, and used for interference deduction of Ni
and Sc in several national first — level reference materials and unknown samples of carbonate rocks. The accurate
test values of Ni and Sc in carbonate rocks by ICP — MS were obtained.

RESULTS: It was found that the high content of Mg had a non — mass spectrometric interference matrix effect on
the analysis of Ni and Sc. High content of Ca forms oxides, hydroxides and polyatomic ions, resulting in mass
spectrometric interference on Ni and Sc. The degree of interference had a good linear relationship with the Ca
content in the solution. Compared with a single standard to perform interference correction on actual samples, this
method used national first — level standard materials as the calibration carrier, which overcomed the interference of
matrix effects. Verified by GBW07108 and other five national primary standard materials of carbonate rocks, test
values agreed with the standard values, with a relative standard deviation (RSD, n =10) of less than 5. 5%.
Correction results of the unknown carbonate samples were compared with the results of the inductively coupled
plasma — optical emission spectroscopy ( ICP — OES) and the X - ray fluorescence spectrometer ( XRF),
respectively, the relative deviation was less than 15% .

CONCLUSIONS: The correction method proposed in this paper has solved the mass spectral interference and non
—mass speclral interference in ICP — MS analysis of Ni and Sc¢ in carbonate rocks. The method is simple and

feasible, and the results are accurate and reliable.

KEY WORDS; carbonate rock; nickle; scandium; inductively coupled plasma — mass spectrometry; interference

correction
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