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Table 1 Experimental samples in this study

eSS HOHK
1 HIRARAER N KA
2 HIRA T AFRIE R N KA
3 ERRA BRI N
4 RIS
5 RN
6 TERIN KA
7 TER IS

T IR AR LI T VR W HER 1, 38 SR 3 A
AEENBRIE I B R BB 1ICP — MS 7347 DL KA K R
F X B DGk (XREF) 23 B 45 S 47 % L F
Fo R HINERIT .

(1) %5 AR %5 43 fif B i, ICP — MS 3 72 FRHX
50 mgHE i T8 A FERED, 230 M 1 mL iR F1
2 mL SRR , £ IR _E M #RZE T FER A 1 mL
EER AN 2 mL SU3RR , 26 A\ 2 1 rp , i F 180°C
PEAE TN 36 h, FREFERER RSG5 O
B GEA HAR Eg 75 T, e AR AR E A
1.5 mL iR, 78 K 2T, INA 4 mL 50% W5 ER , &
HJE BT 150°CHEAE A 12 h, B E B =R,
EWOEZE 2 50 mL SKEE (PET) BB, % /0. 1%
IR , K A ICP — MS %€

(2) 1 S AL A R o3 A i ICP — MS J3 A7 - FR
H 100 mg £ 50 T NI B3, InA 1 g 2 AL,
FR AN B 348 70 B FE 51 ), PR 55— 2 Ak,
BT 700°C Bl 15 min, Ul FER I R E
WS HRE A% R R 3 A 2 A 30 mL 7K iy
PEIELEAR R A B INEA 5 min 2245, BT 5 o
VeI B R R 2 100 mL 25 50, A 20
mL AR IR AL U0 U 76 2V i, i 25 2 100 mL %5 &
S I IS 4 U2 10 mL g 45 % 100 mL 455

i, SR ICP — MS il 22 .

(3) i R R LI i 4 Ak A iy, ICP — MIS 43 #T B
I 100 mg FEaL T A S, A 400 mg & 46T
() B0 R R, TR Ay B FE I S, A TS THIR &
1000°C 9 Zh 3 pr , 7 BLIRBE T4k 15 min, BUR G
T 15 mL $4 10% il B2 , {48 75 0 4% 37 1 1
30 minZe 4y, FF B AR SE @I IS K I R #8 2 100
mL Z5 B, T 10% il R B B 20 f8 5. Bk
Je /Y BUZAH 10 mL E 2% 100 mL 22, R
ICP — MS % .

(4) ¥ AR TE R, XRF Z047 : PR il X G980
AL (Axios 7, i 22 WALNBL A | ) B 22 B ¥ A4S
DR 4.0 kW, [Tk, FEMILTN K
B4 o BEdh HIRER CEHELHIE  7E35 t KT
HB N AR 31 mm FMEK 40 mm R F FE

2 #giRkS5ihe
2.1 ICP —MS 4y B pubs S5 IR Ry £

SR FH PR T T LARMz il FA 30 588
IRV 3 Y RABUE RS . ICP - MS ZpffrH, ARG
F PR N W W AR e R 2 B T &
SEATREA BRI T R AT RE SR T R — B, SCsait
7 10 ng/mL 1" Rh AN AR T IE .

AL AT PR B TN R S Y R
FHEATINE, Ze (9 T 1 W T A R 57 26 1 5
B, BB 2R T8 T, Sk B
i N Zr,
2.2 S HIIRES IR AR M

TE B N5 s A (ZeSi0,) JEA (i 32 2125 32
Y, TS A s b IR R, R, B E R I IR A
R HORNRRAE , it HL RS T 1) FE B Uy TR R AT
BRI . B TR R RR IR R S
T R BT, i 0 S B 0 B TR S AR AE
o R P S U R T P K, AT S B ICP
v I B TR R . TS AGR S T, SR
I E P RS L R R Z R T T, AR
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B R E MR, i AR KN KA bR ME
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(2) P JRURR W] 50 b 4 i B R R, T DAV O
AR T AR A A B T SRR S
HER ) L] B - 76 J5R w8 2 P R I T 1k 1Y
FEAl AT RS SE, IR 430 1 mL A SRR
0.5 mL fifffig . 1.5 mL EFAR A 0.5 mL iR,
2 mLA IR 0.5 mL AR 2 mL SR 1 mL fi
R, B AR IR & T5% 82% 90% 92% . H
B T DUE I, Y SRR A & Ry 2 mL i,
BE O A BT 23 FEEERE 38 TSR 1Y
TR, DR A5 S0 A, P 48 19 5 s 3 et o 32
1o PRIMAS S B 1) S 3R R R A R R o 1) 4L
J:2 mL SR A 1 mL AR

(3) ARSI 4353 R 2% i8R 2% fiSFR - 0. 1%
LURBRA BT T 3 i, B BV 2R A3 91%
H94% . I, A3 AT BUIE £ 2% H IR -
0. 1% S FE -
2.3 ARIEEE BTG IS PESOR LR

ARSI IS ) R RAR A A R 5 A4k
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BTSSR TR E , 3% 2 AT LA, LR AL
BT 0 5 B A 25 R AR — 35, SRIAATL Rt Ak
FRIE AR O B PR R A 349 T AAR 7 b A A 1<
PR v B 040 T 592 30 326 FH A e Al X 0t
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Table 2

Comparison of analytical results of Zr obtained by

different sample-digestion and analytical methods

B EIEE (y/e)

PR s R,

5 ropoasy LRMEBG, BERENE, X HLIE
(k) ICP - MS ICP - MS % Jeiik
1 147 149 146 150
2 210 214 209 213
3 79.2 82.3 76.7 81.1
4 142 144 139 144
5 138 142 141 143
6 233 239 226 236
7 202 206 197 204

2.4 JilkKmR

R BT X e e 2 H I ROE SE I E 11 Ik
PITA 2 RAR N 22 19 3 A5 PG DL MR BE(E . R AR
ST o S AT TRV ok S A B ke LA A T L
FE AT ICP = MS I3 #r, AR A9 AG H FR (pe/g) 23901
79:0.052 4.64 0. 41, fytn] J, i AL H A
At PR R g, A S 36 7 RO Y BR AR A1
2.5 JiIERSEE HERAEERT IS AITEVEOY

AR SO T7 0k (R e AT RR I ) i S8 A
Ja LA B Al W00 TR B BRCJE AY S B U AR, o i) PR B
GBWOT111 BRufEredh 1L Gy dbA7 o0 Birill s , 35500
7 N B L DA SR B, A R WAk 30 =T ik
A% I (RSD) #4970 F 5% , MR R 2 B /N T
5% BRI T RIS

3 JTIER B IERETNE

Table 3  Precision and accuracy tests of the method

GBWOTL1L Hgs
MXiR%E  RSD

Wk W WEE (9 ()

(ng/s)  (ne/g)
B IR ICP - MS 4MF (ApE) 224 215 401 3.4
1AL IR, ICP - MS /347 224 231 3.13 4.1

TR IMERELHIAE , ICP - MS 4347 224 228 1.78 3.2

HARRL, 1 580 B TR X 0 s X7 R B )
FEHA R RERP 25 A KRS R T, 15
SEAONIE R, A% 2 PR, OF HL s B KM B A
B AR A UK I BRI &, R R, B A
D IR R AR 1 4, 2 L (EL AR (E v R A il
Ja S L il A B 1R, SIS Z R, R 5
SR FE TS AR A 1B 23, AT B AR b A 20 A I
A i LS 12 T R B 2% s -, S S X A A
I RE o T AS 325 75 70 M 85 0 R I R 3wl Ay
GBWO7111 Ry HAB R T 3R, I B B de (L
F4) MR ZEITE 10% LLP, BIF LAAS J5 3 AT LASE
FHF LR N oo il A A Bl S0 R A ) I 5

3 5B
A SCEE X R A 5 R ARV, ICP — MS 43 M1 e

i DA A R R 0 o s SR AR A B 42, B & 4
R VA X —ME A BN T AR A T B R 5
PR IR R 2 mL SRR 1 mL i8R, IR 5Tk
2% fiER AN 0. 1% S HER , ffi B 13 3848 5 31 95%
i K R 0,052 we/g, ST 1T A4 v s 2 ]
fi2 %5 , ICP — MS/H1 4E  IN K v 4 Fn At it oo
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Table 4 Analytical results of zirconium and other trace

elements in GBWO7111 provided by the method

_ WEE  bedEE . MW e
TTE TTE
(ng’g)  (ng/e) (pg’g)  (ng/e)

Zr 215 224 La 58.1 60.5

Li 15.3 16.2 Ce 110 112

Be 1.98 2.11 Pr 12.9 13.2

Se 9.84 10.3 Nd 47.5 48.1

v 97.2 104 Sm 7.65 7.74

Cu 10.1 8.8 Eu 1.86 1.91

Zn 83.1 85.4 Gd 4.99 5.09

Co 14.9 15.6 Th 0.65 0.68

Nb 10.2 10.6 Dy 3.03 3.20

Ta 0.58 0.62 Ho 0.57 0.60

Hf 5.01 5.2 Er 1.49 1.57

Pb 18.6 19.8 Tm 0.24 0.26

Th 11.2 10.9 Yb 1.51 1.56

U 1.37 1.40 Lu 0.22 0.24

Y 14.9 15.5
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Determination of Trace Zirconium in Granodiorite by Inductively Coupled
Plasma-Mass Spectrometry with Sealed Acid Digestion at High Pressure

LI Wei-liang' , CHENG Xiu-hua', YU Juan®, LIU Huan’
(1.Xi’ an Center of Geological Survey, China Geological Survey, Xi’an 710054, China;
2. Shaanxi Petroleum Products Quality Supervision and Inspection Station, Xi’an 710075, China;
3. Faculty of Material Science and Chemistry, China University of Geosciences ( Wuhan) , Wuhan 430074, China)

Abstract; Determination of trace elements in rocks by Inductively Coupled Plasma-Mass Spectrometry with sealed
acid digestion at high pressure is widely used in geological analysis. Zirconium occurs as insoluble accessory minerals
such as zircon and rutile in granodiorite, so the recovery of zirconium is always low. This study adds the pretreatment
process of removing silicon, increasing the amount of hydrofluoric acid and introducing fluoride ions in the solution to
form zirconium fluorine complex ions which improves the stability of zirconium. These steps improve the recovery of
zirconium (up to 95% ) and achieve an accurate determination of trace zirconium in granodiorite. The precision of
this method is less than 5% (RSD, n=11) and the detection limit is 0. 052 pg/g. Zirconium content of granodiorite
in the Karamay area is determined by this method, which is consistent with the results determined by the alkaline
fusion of Na,0,, LiBO, and XRF method. Furthermore, this method has a small matrix effect and low detection limit,
which can analyze various trace elements (Li, Be, Sc, for example) simultaneously.

Key words: trace zirconium; Inductively Coupled Plasma-

granodiorite ; sealed acid digestion at high pressure;

Mass Spectrometry
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