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1){%2%, EXPEC 7350 %1t JBHE 75 45 B9 7 1A 5t
WAL (ICP -MS) (L MG BRI R RA R AT ;
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Table 1 Parameters of ICP-MS instrument

INE 2 = KED #izt N,O St i

RF M1R/W 1500 1500
BHE R R/ (Lomin ") 14.0 14.0
PSR R/ (L-min ") 1.0 1.0
FALR R/ (Lomin 1) 0.6 0.6
Fi B i/ (Lomin ") 0.55 0.5
TS He i/ (mL-min ") 1.8 0
B, N, O it/ (mL-min ~") 0 0.23
WEEhFE A/ (Lomin ~") 30 30
SRAEEE/mm 2.0 2.0
T[]/ ms 30 30
PRIBE LA R/ V -350 -319
b i BV -33.7 1.2

2) R, AEER (Hgral) ; MAE K (gkal)
18.25 MQ-cm #B4fi7K ;Y .La .Pr Nd .Sm Eu Gd . Th,
Dy Ho Er ,Tm, Yb Lu,Re H.70 % by 5 (IR &
1000 mg/L, E %A A4 BB

3) M. ALl Ce, 05 (LEFE 99.999% ,
Tr T RACH M B BRA | ) 5 w258 N, O (4fi i
99.999% , T HFFE IR Tl A BRAFD) o
1.2 REH*E

1) MERHE AL . HERRFRHL 0. 100 0 g 546 Ce, 0,
P HTHCE T 100 mL PFA JH R, 218 A 4 mL fif
12,1 mL XK, 150 CR IR 1 h, RERE L o8 215 i
i, A E 100 mL ZE R P AR [ i iR s
Hike .

2)FL AR EE W A B KG #f fE B Y La Pr,
Nd.Sm Eu,Gd . Tb Dy Ho Er ., Tm Yb Lu FLICEFR
HETA IR i 7 1 000 e/ L TR & i oA 25 98, £ 71
2% BRSO A6 T A9 B AR ol il 48, R BE 6 B2
0.0.0.1,0.2.0.5.1.0.5.0 pg/L,

3) ML E NARE W . R 2% B IR IE ) MR B2
20 pg/L fRe ¥

2 gPR51he
21 RETFHAOHBE
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(CRC) RIUZLFF Fit 517 4 (Q2) Wi % 1 P2k
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FF QU 50747 41 FBRIE 2, W {4 CRC flh A3
R EOT RS BN, S BT 40 85 T2 CRC + Ui
I A TR T4, IR BE I o i R Y 72
B TR 5 A DO GHF Q2 i U 2 A W
Ho 262 MRS L], LT DU T
KED #3% (Q2-He) , kB M T LUK T B
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Fig.1 Schematic for detection of Pr,Gd and Th by ICP-MS/MS
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Table 2 Selection of isotopes and analytical modes

iV Q2-He/ QQ-0/ QQ-N/
[ {328
% (mg-kg™') (mg-kg™') (mgkg™")

141Pr 100 27. 4 0. 336 —
192Gd 0.2 33.4 — —
34 Gd 2.15 89.7 3.36 —
135Gd 14.73 293 1.84 —
%0 Gd 20. 47 29 703 278 —
157Gd 15. 68 5085 365 —
8Gd 24. 84 2940 35. 4 —
Th 100 126 7.32 0.915
10Gd 21.86 97.4 0.294 —

Pr 1 Th H A — AL %™ Pr F1™Th, 43531 32

§U140C61H+ *l]mCelGOlH + E"Jﬁﬁiﬂg{f$ﬁt}m¥ , Gd ﬁlsz
Gd(0.2% ) . Gd(2.15% ) ."°Gd(14.73% ) ."** Gd
(20.47) " Gd (15.68% ) " Gd (24.87% ) ' Gd
(21.86% ) 2 A 2R (BN R Z 52 5 Ce (1)
AE kAR E T, BT,
ICP-MS/MS L iy R i A, LA N, O S [ i<,
RN R & A RS, B Pr 5 N0 &R &
BP0 TS EL TR T S R ot R T
AR B, SEBE Pr & AR E i, (HXT T Gd
JCE, BIMETE O Bt f xR, 45 [l o7 2 4
FEFWE K, G G Gd Ik 45 R AE
35.4 ~365 mg/kg Z [A], ' Gd ££ O Ji % oAk
T4 0.294 mg/kg(F2) . XAEFHKTGCA, G,
Gd 4322 5" Ce* 0/ Ce™® 0 /P Ce 0" Hy [
Celéol H + \142 CeIG O +/140 Cels O +/140 C616 Ol H2+ B,(Jq:
P, X LA ALY R AT LIS N,0 KA O it
GRS R, S SO0 85 R K, (H X T Gd R
‘ijé,,moGd §§UI4ZCCISO+ ﬂeulétz Celé OHZ + B"JXXE::F‘#E,
R TR0 FERM, AG&E 27T, LT
A5 N,O KA g it 5 ¥, TiTE 160—176 (1) 4
JRAR A BT LASEEL' Gd j RN E . Th KA
— AR 2" Th, B /e 40 i B X T A %
F)"Ce OH™ F 4, (H3E18 )& T 78 L b o 5
N,O A T ALY B 7 Th™ N + | )i ' Th A
DAMERA I E

FIJE/RTTE0.05% Ce,0, JLARK FFF Q2 #1
AT 156 157 (158 (159 iz 5 55 (1) e W 4B, AT LA ]
B AR R SR A S TP 5 3K (9987 -
31850368CPS) , 7 N,O %A Jix f& % #% #% x0T 46 I
157—173 158—174 il 159—175 ()50, &I
s S A 25 N,O AR EE &, 0 A2
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Table 3 The intensity of interfering ions on different modes
S BT 156 157 158 159
:F‘]cht%? 140C6160+ I4OC6160H+ 142C8160+ 142C6160H+
=5 (8 CPS 31850 368 72729 4 065 756 9987
JREH 156—172 157—173 158—174 159—175
q:?jt%r? 140C8160+ +160 140C6160H+ +160 142Cel60+ +160 142C9/160H+ +160
{5518 CPS 67 706 388 104 18 245 52308

At T, HA AR & AR AR T e B8 R
TS (BT 2L 159 —175 BYf5 5 M 9987 42
52308) , 535 2 Pl KA R —2
2.3 RMSREAZMm

Bl 2 R TANFE O s  Th kA4 A i
RN R B, A2 B N, O g i i 4 % 4
filo 24 N,O Ja R, Tk SR e R w0 K
N, T3 Th R AR IERS & A8 /N, ROBUEE BG4 N,0
Tt K, AR AT LA SRR G %R 7853 SO, (H &
211 N, O 3 BEAR A48 5 7 b v 7 A= 0 B 10 85 3
e, L TC IR E A DU AT T 5 40 B i , A T4 2K R A
FEo AT PRE i S T 2% B AE SO AR T Y R4
WA, N, O Jii Ak 2 628, i T46 L 2 A4k
SEPEBURRL, LA 10 pg/L i Th SR, Th &4
FE i RS I W R BUE R A S K

8000 000 g e 780000
e,
7 OOO OOO I e s 159Tb+14N | 70 OOO
6000 000 47/\ {60000
[ \
2 5000000 150000
< <
54000 000 \ oo
B2 3000 000 430 000
2,000 000 / \. 20000
e L 110000

0 1 1 1 1 1 0
0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
N, O &/ (mL - min™")

2 i N, O AL

Fig.2 Optimization of N,O flow in reaction cell

IR, 2 N,0 FRAEF 0.23 mL/min A,
Bl I R, Th #e 8 2) 173 1175 i d by
REPUEZRBIER, 24 N,0 T iE KT 0.23 mL/min
I, Bl U B S K, AR ST Y R R A
%o Th AR Th' O " A1 Th™ N ™ fy fa 34— 5, ik
# N,0 S JifE M 0. 23 mL/min,

2.4 BESREMUL

Fr4li Ce, 05 AR T 0. 19% JEARVERE, FHH #1L
(50 5k AT LASEBRZR OC R & R o (HE
TR G RILIE 1000 mg/L, KA 2 3 2N
P R, AR T IS R B 22 o O 1 sl /b g ik
PRXT IR ISR A SR AN | B2 ke b o BT HERA JEE
IR, D T SRR R Y
[IRE 5 A TR AL A T N [ AR ) i
2, LA A BB U 1 15 L/min 4545
ANAZ R B A 0,0.1,0.2,0.3.,0.4.0.5,
0.6.0.7 L/min BLE 2540055 1 h S Re ([
R LI AR e v, AR LR 3
110
100 -
90 -
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30E"

2%.1 0i2 0‘.3 0‘.4 015
FBE /(L min)
3 MAREMCRA AL S
Fig.3 Change trend of internal standard recovery
ML 3 R, Bl 3 A R U o A 2 i 4
0. 1% Ce, 05 FEMRI AR IS A2 HT TG , 1t WA
ST s 1w B O AR [BSCR BRR
R, SRR INE] 0.5 ~ 0.7 L/min i, AR
ECRIEABTRE . AR RS KX
RIPE TN —E WK, £545 75 18 SRR PN A 1] i
AR, R B [ %€ £E 0. 55 L/min
2.5 SHREH. IR AEXRENEHR
PATFINTCERFINARTCER Re (900 3 L E D 90 A

Relnl t3/%
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P, C ) B i e B2 D B AL B, 2 1 RS TE A v pE 4R
BICR ML MEAE 56 R EUAE 0.999 7 ~0.999 9 2 [H]
(F4), IrEth ROy =25 VAR 2220 B 11
PR E R 3 A b i 22
&4 MATTR PR TS IR
G H IR
Table 4 Determination of element mass number,
analysis mode, linear correlation coefficient

and detection limit

2.6 MWiXER

i BRI 7 B e Al AL AT AL AT 6 YORE
F 2 B E , 5300 5 45 R AR X B e 22 (RSD)
FEATO0.1 mgke BICEKEZHEE RSD <2.21% ,
14 FHIT R AR MR TE 81. 2% ~ 105.3% Z [A], %
AR SRl T s - 2 5T 0 3R DN A B . e,
Y .La Nd.Sm,Eu.Dy Ho Er.,Tm,Yb, Lu JTLEXH
AR X FEAT AL, Pr.Gd (' Th JTZ K H] N,O Jit &
RSB HATR I, M E A5 R LK S

. . - LMERSE Tk R 4>
O 3 4ie
mg-kg I ” ; N
La 139 Q2-He 0.9999 0. 006 L AR R R A U N,O R g e i T, R
Pr 141157 QQ-O#:%  0.9999 0. 001 FH =5 DU A B S &5 TR B 1% (ICP - MS/
Nd 144 Q2-He 0.9999 0-014 MS ) 2 B4 2 8 46 = Ak i iy 14 B £ 4%
S 147 2-He 0.9999 0. 020 . NN . . o
o 32 OO FRTE %, %07 ¥ L N0 A Sy ]IV, 0. 1% 5 4
u —rie N .
A oy I =VAG = WAy
Gd 160176 QQ-0 %%  0.9999 0.002 Cez\03 %ﬁiﬁﬁﬂ‘ﬁ : %ﬁiﬁ%ﬁiﬂfﬁ{?ﬁ , E{:ﬂi P
Th 1595173 QQ-N#:%%  0.9999 0.011 ARG, HAT FRATR ARG ) IR A58 - 3K 88 1
Dy 163 Q2-He 0.999 9 0. 007 KL ITE IR B U ZAE 81. 2% ~105.3% 2 Ja], F|FH
Ho 165 Q2-He 0.9997 0.002 Flf R A 2 A 1= A Ak 4l A9 Y (La \Nd . Sm  Eu,
B @ s DON Dy g T, Yh. L, O ABELRME S
m —=re . .
i) P T A5G A LIA S BR 2 R
Yb 174 Q2-He 0.999 9 0. 006 %ﬂ?jﬁﬁ r‘?d; b fﬁﬁi’%ﬁ Al U‘Fﬂ%ﬁ zﬁﬂj
L 175 Q2 He 0.999 9 0.002 FETF T, LI E 4+ Ce, 0, MIMERFEIE .
F5 R A oG ER TR RIS
Table 5 Accuracy and precision of impurity REE
_ Fim 1/ F i 2/ £ 3/ £ ih 4/ £ 5/ £hh6/  FIE/ RSD/ iidRER/ NN (VA 1Y I
7 (mgkg!) (mgrkg™) (mgekg™') (mgekg™') (mg-kg™!) (mgekg™) (mgekg™) % (mgkg!) (mgeke™') /%
Y 0. 998 1.007 1.016 1.025 1.010 1.010 1.011 0.89 2 2.98 98. 8
La  1.550 1. 583 1. 598 1.592 1. 551 1.572 1. 574 1.31 2 3.41 91.7
Pr 0.337 0.336 0.339 0.334 0.331 0.328 0.334 1.18 0.5 0.81 95.6
Nd  0.413 0. 399 0.410 0. 402 0.404 0. 402 0.405 1.37 0.5 0. 88 96.9
Sm o 0.134 0.135 0.132 0.139 0.134 0.132 0.134 1.87 0.1 0.21 79. 8
Fu  0.098 0. 082 0. 083 0. 100 0. 088 0. 092 0. 091 — 0.1 0.18 93.9
Gd  0.289 0.290 0.293 0.294 0.291 0.297 0.292  0.99 0.5 0.79 100. 6
T 0.916 0.918 0.917 0. 907 0.913 0.921 0.915  0.53 2 2.85 96.7
Dy  0.070 0.074 0.075 0. 068 0. 070 0. 069 0.071 — 0.1 0.15 84.7
Ho  0.027 0.031 0.031 0. 033 0. 023 0. 029 0. 029 — 0.1 0.13 105. 3
Er  0.082 0. 092 0. 098 0. 098 0.072 0. 087 0. 088 — 0.1 0.16 81.2
Tm  0.010 0. 009 0.013 0. 006 0. 005 0.011 0. 009 — 0.1 0.10 96. 4
Yb  0.128 0.124 0.128 0.133 0.127 0.129 0.128  2.21 0.1 0.21 82.3
Lu  0.056 0. 060 0. 065 0. 061 0. 029 0. 044 0.053 — 0.1 0.14 97.1
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Determination of 14 rare earth elements in high purity cerium oxide
by triple quadrupole inductivity coupled plasma mass spectrometry
ZHANG Jin, YANG Meng, LI Ying, LI Jian
(Hangzhou PuYu Technology Development Co. , Lid. , Hangzhou 311300 China)

Abstract; In the analysis of high purity rare earth element, C272 microcolumn separation or TODGA separation
matrix is usually used to enrich the element to be measured, but this method is inefficiency and difficult to operate,
and it is easy to introduce external impurities and incomplete elution, leading to deviations in results. In this
paper, a test method for rare earth elements in high purity cerium trioxide (Ce,0;) by inductively coupled plasma
mass spectrometry (ICP-MS/MS) was established. The collision mode was used to determine Y ,La Nd.Sm Eu,
Dy .Ho Er . Tm.Yb Lu and the mass shift mode was used to determine Pr .Gd and Tb in the Ce,0;. The test used
0. 1% matrix injection in the MS/MS mode, and nitrous oxide (N,O) was used as the reaction gas through mass
shift reaction of O and N atoms. It can effectively overcome the mass spectrum interference caused by high matrix
and achieve accurate determination of 14 impurity rare earth elements in high purity Ce,0,. Under optimized
experimental conditions, the detection limits of fourteen elements were in the range of 0. 001 ~0. 020 mg/kg, the
recoveries were in the range of 81. 2% —105.3% . The developed method can determine impurity elements in high
purity rare earth oxides quickly and accurately, and provide a way for the analysis of impurities in high purity rare
earth oxides.
Key words: high purity cerium oxide; impurity rare earth element; quantitative analysis; ICP-MS/MS; reaction
gas N,0; collision mode; mass shift mode; mass spectrum interference
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