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B TG Ti, 84 A% T e R L Tk
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S Hb R B R T ORI T s Fu g (P 8 1CP-
MS/MS 358 H i A SRR A R S AT B s
Ca, S I P AT, W T AR MV IR & Ti &
o DL AR VS W AR AR BEAY T, (EIF
AR RIRER A T AL TE RIS — A0 Ti %
I TR
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1 SEEERSy
1.1 USSR A
Thermo iCAP Q 7l JE K & 45 15 4 it i X

(ICP-MS, & [# ThermoFisher 2 1), F Tl & % B¢
WP T E W . ICP-MS TAE & 140 . 5t 4
i 1550W, 45 8 F R S 15L/min, 2830
1.2L/min, %5 f &% 4K 3 3 1.055L/min, 1§ 2 K
5L/min, %34 40r/min, K7 =k Bk

Thermo iCAP 6300 %Y B3 /B 5 55 B A & it
HE{Y (ICP-OES, 24 [# ThermoFisher 23 ), ] Tl &
i BV O AY Ca Al Mg ¥ B [ 10mL 5E 25 7 i
M) Ti MR . TAESM R BT % 1150w, IRAA
AL 7 — i, S B 0.5L/min, LAY SRR T
0.22MPa, % 3 50r/min, F143FF ] 20s,
1.2 BRUEVIBAN 32 20

SR B S FYE L, B[R] CaO AT Ti &
Y R R AR A R — bR e I (6 D AT 7

F 1 BRIRERE E R PR AEYIR Ti &R IE (S b
XFEE
Table 1 Comparison of analytical values and certified values of

Ti content in carbonate rock national standard

materials.

FrER) B CaO &t (%) Ti & (ng/g)
GBWO07128 41.95 132
GBWO07128 41.95 132
GBWO07129 55.49 42
GBWO07131 30.93 78
GBWO07133 53.83 174
GBWO07135 43.76 2580

Ti. Ca. Mg. Rh [E Z A5 HEAE i % W (GSB 04-
1757-2004. GSB 04-1720-3004. GSB 04-1735-2004.
GSB 04-1746-2004): & FZ 3417k 1000mg/mL, 1 F [H 5
A 104 8 K AL AR T s, B AR v
R, BRIERER A E R — AR AED B W H LA He
LIS L, FHTRRIRER 7 Fh s Ti AYIIAE

fisiz (BV-10) 1 B At 5 ik AR k5T i A BR 3¢
B2, SRR (MOS) 14 A Atttk AR5 i, &
AR (MOS) 14 A K1 Bk B2 70 A R A
YRR R it (7 A o
1.3 FEshRiAE R

HERIFRIL GBWO07127 45 10 MR B &R —
LR UEY) 4 0.1000g T VU 207 (PFA) 5 FERE
1, A 3mL AR . 3mL SR K ImL &5,
i b, 37, TR EATAZE 130°C fHIRE# Sh.
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FI ARV 205 BUT 36 1, K i AR B T+ 2 130°C,
R E A, TR T A 180°C Ak LA R 2
FESIRERIR, BUR S FERE, RIVAH. A 2mL iR
WO R HO) 2R 10mL H A5, L 2mL
Wi RE 10 7% o K Jr 0 AR BRI 5399 FH ICP-OES 1
H1ICP-MS 4TI E

R B UE 7V S, SR AR 2 B A R AN T
H7R £ T PP SRS IR €528 R 1 R R £R A A i,
FI AR J7 36 X2 A IR R 5 b HEA T 43 Bl 3K
HER PRI AE 105°C HET 2h (19 200 H iz R Eh
FEdh 0.1000g T PFA ¥ FEGE T, #2 I8 L R E K — 2%
BRI AL B A THAE
1.4 AR5 HriAsAF

SR AME T BE AR RS S IR N, ICP-MS ]
LA 10pg/L Rh AR ks 102 L Ca biifi &
54 8. 40, 100, 200 1 400pg/L, Mg b ifi 2 51 Ky
4. 8. 40, 100 F1 200pg/L. A5 M4 o] 15 R £ 34K
T 0.999, BEAFESIIE 3 WK, 45 R BCEIHE.
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ATi FR) 3 M S P Ca & i 201 2R MG,
Horp Ca &8 5 HAESTI, YTiL *Ti kb STEREL A ¢
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T, ok A Mg 0308 F 46 B 48 b i 3 ik
T4k

VEPROR BR Eh 7 B 5 — bn i o ik A5 It A
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AR AEY) I Ti 45 [R5 28 A0 5 (A X 32 o2 T A v,
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AR T ERE T Y IR T CaO Bt
MG Z TR AE F A 56 R PBLA A IE 2K,
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ATi 7R Ca 764 Ti W 7] 67 Z 4L B9 TTHRAE . (a) Ca % *Ti M LB A9 BTk s (b) Ca % ¥7Ti PR ME A9 BTHR 5 () Ca X *STi W38 #1431k 5
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Bl SbRIEh Ca X Ti BN RTHURE

Fig. 1 Diagrams of interference degree of Ca on each isotope of Ti in single element standard solutions.

F2 BREREVE R bRV Ti SRS PRI b

Table 2 Comparison of analytical values and certified values of Ti content in carbonate rock national standard materials.

Ti & &MEE (ng/g)

APk
SRR 5 AR
(ng/g) 6T 4174 4874 497y S0
GBWO07128 132 223 214 474 225 219
GBW07129 42 127 128 492 130 123
GBWO07131 78 143 141 314 142 138
GBWO07133 174 256 242 544 231 232
GBWO07135 2580 2628 2628 3158 2602 2635
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—
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Iy = A®Ti
40 E
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CaO(%)

ATi Fm E FARMEY B th CaO 164 Ti MR A7 Z ALY TTHRE . () CaO XF4Ti MR Y BTk s (b) CaO XF7Ti MIRE A BT8R ; () CaO XF*Ti
MRRAEA TRk (d) CaO XFTi MERIEAY TIRR; () CaO XFTi MR (LAY BTk o

B2 ER-FAEPIRP CaO ¥ Ti WM R T IR

Fig. 2 Interference degree of CaO on each isotope of Ti in first class national standard materials.

3 SR Ti CRIBE TS T

Table 3 Potential interference ions of Ti in carbonate rocks.

Ti B 22 ﬂiﬁfﬁ BETRE T
46Ti 793 46Ca+\ 32S14N+\ 30Si160+\ ZSSiISO+\ 92Zr2+\ 92M02+
47Ti 728 46CaH+\ 3IP]60+\ 12C35C1+\ |5N1602‘ 94Zr2+‘ 94M02+‘ 7Li40Ar+\ ]IB36Ar+
48Ti 7394 48Ca+\ 36Ar12C+‘ 9621'2+\ 96M02+\ QéRu2+\ 3ZSIGO+
49Ti 551 48CaH+\ 98M02+\ 98Ru2+\ 33SIGO+\ 31P180+
SOTi 5.34 SOCr+\ 50V+\ 14N36Ar+\ 11B36A1‘+\ IOORUZ+\ 100M02+\ 345160+

* Ti FFAZF] Ca FIIE WY ) 1 550 28 5 2 1 B

FHITH, (HAE Ca bR RGN, Ti ESAAAE—E
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H, BT IS AR AR AR B R], AR
VS B AR IE R A RS R A AR R AN (], ELAF R
PR R AR VT 0 8 T i 3 i, DR iAo 2 51 O T
SZOAC N R R Y R e R G o i 4 Al
Ca W EERS N R INIG IR SRV R RIR LA
] A M ) o ) 2o A R I T SR, R T R RO
PO TE A B S0, B T R 0 i R AN S A
A, th 80T E AR EY P OTI 2 AR R
AR L

Zi BRTR, PTi MERERER A Ti S R #
MR ZE, HAG FH LR UG e A TP iE O B 19 07 vk
3 M FIBR VS VR R AR i i Mg Fl Ca By TR ED AT
PATE Ti A HERA &5
2.3 JiiAUERRE
231 [EFE—HIRMEY) T E

PRSI M R IR R A B S HP B Ti AT TR
fii &, #| i GBW07127. GBW07130, GBW07132,
GBWO07134, GBWO07136 FLA~bRHEY) & T P
1E M 26, W bR LA Mg b 32 45 o0 2 A SE AR RN, XF

4 TiRMEWIE
Table 4 Accuracy of the method.

GBW07128, GBWO07129. GBW07131, GBW07133,
GBWO07135 #7H:1E . BIEZS RN 4, FrA 1 I
55 R AR ) AR OGS 158 2 35 A SR VR BRI L P, i A2 B
A5 Ml 7 oSBT ™ 7 S 3 = I o A AR 56 3
B3 A A WIRE S A A 43 AT ) (DZ/T 0130.3—
2006) 67 R IER FE B TR K . PR T YA
FHTBRIRER 5 R — R e BT AL TF -
2.3.2 JyikndR R

TE B R — P EY) T EA TR I A C bR
I AT, PSRN 83.0% ~ 107.0%(3 5), H7E
FRVEBRYE AN, 35 /2 DZ/T 0130.3—2006 FR X iR [H]
ORI BT K
2.4 JIENGERE

iz BB LA 1R i A B A BN AT 1 A T A B
WSE 3 iR RRER A E K — AR HED L4510 1y, AHXT
FrufEf 22 (RSD) ZNTF 7.30%(55 6), 45 F i
2.5 ARJFIEERY

FR A SO S I i, FEAR R S 25 T,
I I R 1 R 0k R R A i CRE i i 5 1~10),

o Ti & EbRiEfH Ti &R IEE X R 2E SRVFRR
TR T ’ =
(ng/g) (ng/g) (%) (%)
GBWO07128 132 145 10.0 12.1
GBWO07129 42 38.7 7.86 14.9
GBWO07131 78 85.7 9.84 133
GBWO07133 174 193 11.1 11.5
GBWO07135 2580 2725 5.60 6.64
E | L ES
Table 5 Recovery of standard addition.
- R Ti A A Ti finbpit JbRIARE Ti & A ML IR Fe e R
ﬁ]\?ﬂ;%ﬁﬁéﬁ% I\ B RS pEEN VAIEEN a B = =EN . )
(ng) (ng) (ng) (%) (%)
GBWO07128 145.0 100 228.0 83.0
GBWO07129 46 50 99.4 107.0 10~110
GBWO07131 86 50 133.0 94.6
o FEHEBE
Table 6 Precision of the method.
" Ti & &K NE(E Ti &2 FHH RSD
R T - .
(ng/g) (ng/g) (%)
38.7 423 36.2 40.9 45
GBWO07129 41 7.3
40.6 45.7 42.5 38 40
174 165 178 166 165
GBWO07133 170 3.8
183 170 166 164 165
2725 2561 2560 2559 2559
GBWO07135 2613 33
2559 2788 2536 2684 2602
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IE53 K DU 2 45 2R 5 [ SRR o 7 vk R LR e
1 B FRL TR B A8 B A R Sk Ay 5 SR
PEAT HEXT, 25 7 VR AR i =R, S5 SR IO
o AR SCH5 H5 AOAR  O 22 2 78 AR /R BR Y el PN
(F 7), 5 2 DZ/T 0130.3—2006 H%f A [6] 43-#7 77 =

7 AFTIENE Ti SRER N

WY ot i 0K (3R 7), HerPoAE iR 22 KT 15% 1Y
SR, YPEXT Ti & il T 20ug/g MRS, ML
vt 248 5% S ERATR, AT O 22 23 K, (R AR AR /T BR Y
Rl N, e W20 TF 5 1k [ R 3 17 oK R R 6 A
fi ICP-MS 193t

Table 7 Comparison of Ti content determined by different methods.

- TR R B ICP-OES
. AT Ti Ak T
AR WEE (ngle) 5 {8 AR 22 SRR e 14 AR 22 NGRS

(ng/e) (%) (%) (ng/g) (%) (%)
1 14.7 16 6.6 25.0 12.4 17.4 18.0
2 30.0 32 48 222 252 17.6 22.6
3 125 143 13.7 17.1 123 1.16 123
4 254 277 8.6 15.1 246 3.28 10.8
5 3346 3301 1.4 8.9 3270 2.30 6.27
6 756 764 1.1 122 723 4.41 8.70
7 535 544 1.6 13.1 548 2.36 9.27
8 1481 1501 1.4 10.6 1530 3.28 7.49
9 14.0 18 229 24.8 163 153 17.7
10 1051 1068 1.6 114 965 8.46 11.5

v A= Xay — X| /X)X 100% ; Horba Xy FAR TN, % RA T B A5 — 2B LU et B, ICP-OES el (LA T 4400

FVFHR=C x (14.37X701263 - 7.659), Hth C=1, X AAIFIEIENS — %8 AR BRI 5L ICP-OES JEIE (1 #FH9fi .

2.6 JiiEMEER

Z MR LA E 525 b i U R bR E ) o B RE A CaO
FUTH () B 3 L, A5 AR SCEE ST I L B A S S T
RIS T CaO & AE 31% ~ 56%. Ti & 1E
14 ~3346pg/g RFRER A FEM

N R R, TR RS AR R], A2
E TR T 2250, PR I AR UEAE S A 1 2R 11 [
TG TR AR IR i 7 R — AR A5 T
FFREIE, DASRAS S AER AL IE 4

3 &g

PR T —FhE Ca iRk A FE S b il Ti Y
ICP-MS 5 J5 ik, T U R BE . A 2% B R b [T g
RINFEAAT AR G T 7 7= 52 56 2 I 3k ol o A5 B
G ) EER, iy ICP-MSS il e i £h o s Ti 42
BT S% )ik, DX s R b e Ti f9ile
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SE G — RS IE 7 R, IR TEBUA SR A TG
HHSE A4 5 R FH TR A OE, b A T AR A i A
SRR IERE,

FENFH ICP-MS 302 S fh iR +h o i T R
(Rt AR, S BRI Z e R G S AR RN
s A7, SR 0 2R AR I A2 o Gl LA AR
5 REANBR T B vk, T AR DR e 2 32 T
(TR, (R 22 88 28 32 TR ML A B B, 7 R il
SEFTE A 7 SR BB EAE . A R oo
IR L, AR AP RETROTER
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Determination of Trace Ti in High Calcium Carbonate Rocks by ICP-MS

CHEN Feifei, JIN Bin, YANG Mengna, CHEN Yu, RAN Jing , XU Guodong
(Chengdu Center, China Geological Survey, Chengdu 610081, China)

HIGHLIGHTS

(1) The technique of XRF cannot meet the detection limit of trace Ti in carbonate rocks, while ICP-MS method has
unique advantages in this respect, but with interference of matrix elements.

(2) Among the five tested isotopes of Ti, the interference degree of **Ti has the best linear relationship with content
of matrix element Ca, and can be used as the isotope to be measured by ICP-MS in carbonate rocks.

(3) The choice of **Ti, which has a single absolute advantage in the degree of Ca interference, is more suitable for

the testing and correction of Ti in carbonate rocks with high Ca content.

ABSTRACT: The content of Ti in carbonate rocks is generally lower than 3.5mg/g, and most of it is below 1mg/g.
X-ray fluorescence spectrometry (XRF), which is commonly used to measure Ti content in silicic rocks (usually
more than 0.1%), cannot meet the requirements of accurate measurement of trace Ti in carbonate rocks. This paper
reports on the attempts to test Ti in carbonate rock by inductively coupled plasma-mass spectrometry (ICP-MS),
discusses and analyzes the interference of 5 test isotopes of Ti (**Ti, *'Ti, **Ti, *Ti, *°Ti) in carbonate solution
matrix, and determines the suitable test isotope “*Ti. Then the ICP-MS method for the determination of trace Ti in
carbonate rock is proposed. According to the method, the concentration of Ti in 5 first-class national standard
materials was tested and corrected. The measured values were consistent with the certified values, and the relative
standard deviation (RSD, n=10) was less than 7.3%. The concentration of Ti in the unknown carbonate sample
solution was measured and corrected under the same experimental conditions, and this method was compared with
the national standard method of diantipyrine methane spectrophotometry and inductively coupled plasma-optical
emission spectrometry (ICP-OES) method, and the relative standard deviation with these two methods were less
than the allowable limit. The recoveries were 83%—107%. This method is suitable for the determination of carbonate
samples with 31%—56% CaO and 14—3346pg/g Ti, and provides a reference for the determination of trace Ti in
carbonate rocks with high calcium and magnesium.

KEY WORDS: carbonate rocks; inductively coupled plasma-mass spectrometry; Ti; isotope selection
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