53 % 5
2024 4F 10 A

HES RS
China Nonferrous Metallurgy

Vol. 53 No.5
Oct. 2024

{ e 3T 43 A

SIscAg 35k, i, 20 | S = DU - RO 5 A5 B IR BB A 2 = A T P 14 MR LOCR )] P REA G
1645 ,2024,53(5) .47 - 53.
ZHANG Jin, YANG Meng, LI Ying, et al. Determination of 14 rare earth elements in high purity cerium oxide by triple
quadrupole inductivity coupled plasma mass spectrometry[ J]. China Nonferrous Metallurgy, 2024 ,53(5) ;47 - 53.

= DU - L A 5 A RO I I E
e 2 =S AL Al R 14 B BT R

OB B RHE R RATIRA A, T BEM 311300)

[f 2] AEZSHEodd @FA R 272 MA KBS & X TODCGA 4 & KR g £ T F A2
AR BMEEER B HINIHRER AR R L FHEREABE, AXELTZEWHMAY
BeAB A5 B TR E (ICP-MS/MS) 3+ & 4h = B4 =47 (Ce,0,) ¥ 4 A £ X 7 i, A A b 3 4%
KW E M £ BA4 P89 Y. La Nd,Sm . Eu Dy Ho Er.Tm Yb Lu, i & 3 #% £ X 0| & BAL4H P 89 Pr.Gd,
Th, XK 0. 1% KR#EAE £ MS/MS BEX T, AEX(N,0) AR EA,iBE 0 RFAFNRTHRE
A5 B, 7T VA 2L B AR AT AR L& A R Rk T AL, R B 2k Ce,0, P 14 b 5 R AR T F E#
MR, REEREW, ERAKE M4 T, 14 AT F a4 1R 4 0.001 ~0.020 mg/kg, hn iz vl &
81.2% ~105.3% 2.1, & F FAUE A N,O —Fr R B A, B REEKS B Thbeik a5t

At b R A A B R LR ST RARER

[ SEidin) ]
X; miEFk

[ hEI4255]  TFO3; TF845 [ SCHkpR A ]
DOI.:10. 19612/j. enki. cnl1-5066/tf. 2024. 05. 007

M 00 E (REE) 12 1% 48 Tl USRI A 5 AR
W TREAR TR REPEADRL R R A A A
RICHFAE I BE 0 FH U 75 2 Al v A R I
AR - B AR, OB X e Sl -+ R A A
FOCHR SRRy EE

A b R A A R 2R BT AR B 5 D5 7k —
AT HUBHI & 2 B TR R DL TE (ICP - OES) i Al HL

[ WA F 3 ] 2024-03-12

[SE—1E&] 7k4, 5 Wi, TR, 322 D3 Te AL A Ak 21 % 5 i 43
e 5 T B TAE

[EETHE ] FRKE ST LR SERBT 4 2R 5 B R AR
#WFK” (2021 YFFO700804) ,

Btk Ce,0,; 2k LA E; MAESH; ICP-MS/MS; B B4 N,0; #iEX; REHHBE

[XE4S ] 1672-6103(2024)05-0047-07

SR B RIS L (ICP-MS) 3E1 % T H
02 ELATHI G W BRIk 2 I DR O o A 1
HR A 24 T A R DU R B FRGE . 1CP - OES J7 ik
ZEE T, I HA AT A R X A X ki
FE T 99.999% M + RIL ALY h 24 T R
BEF T, ICP-MS [REAG H R AN 7R 52 Sl 1
AR ST R A N vz, B2 i 5 A
IR S A B S E A S TS v R R
M B I U™ Y T S, A 5 DO AR AT
ICP-MS Jeik s & bR T4, S 30 s 45 51 ™ &
TR B i, TE m alfs £ R 272
T A 4 B 8 TODGA 43 55 & K & 4 175 0 oo
RO HI T R RCRAR BB K, 5 B A



- 48 - T H A E &

i 53 #

A RIS 52 4 P B R Bl w22, Rk, O
R—FPRT B R R JO g ar B, vl A EAL
N i W/ DN O i VT NG | R

H T ICP-MS/MS $2 A T F = 4l + 240
JCE SRR, B R R SRR R
W 1E ICP - MS/MS 20 B4 2 Atk 4l
14 B0+ 24 T3 ; RABI S R H & SOMA SR
RS A8 1CP - MS/MS #5080 5 E b g b
14 B L2 Boc R IHBR T Nd ZEKXT Dy # Ho 1)
T,

RN, O) A R — Tl L A, AR EL AT
AR S HARTC R B A UYL, 78 DB il
TLN,0 AT A R A AR BRI A
SEEN RS, T REE KL 0 KR, N
PR A T 2 SO A 4 SR A R R S i E . AR
SCRFH = 8 DO AT’ SR 6 45 2 IR B3 (1ICP -
MS/MS) FA4% I % 5 4l = S AL — 4l b 14 Fp A £ 4%
e E, FI ] ICP - MS/MS H A WU PO B AT o & it
PEAR AR B A B 1 R A, TR EL N,O —Fh |1
BT SEEEE 4E Ce, O, W 14 B B0 & 2
AR A

IRVt 1%
1.1 FESEMRF

) %%% . EXPEC 7350 %Y e J8GH 4 45 88 1A i
AL (ICP -MS) (BUMiEE R R RARATH) ;
Milli —Q BRI 2K AL BEZR S8 (S Millipore 23 H])
ICP-MS {{#F THESHE 1,

R®1 ICP-MS A THESH
Table 1 Parameters of ICP-MS instrument

INE e KED #izt N,O it it

RF TR/ W 1500 1500
BH R/ (Lomin ") 14.0 14.0
MBS R/ (Lomin~!) 1.0 1.0
FEAERFH R/ (L-min ") 0.6 0.6
B/ (Lomin 1) 0.55 0.5
filf <. He JiitE/ (mL-min~") 1.8 0
KW N, O i/ (mLemin ") 0 0.23
MG/ (Lomin =) 30 30
RFERE/mm 2.0 2.0
BUTHF AL/ ms 30 30
RGBTV -350 -319
bR (T REiENAVAY -33.7 1.2

2) 5, TR (R gal) s WA K (g4l ;
18.25 MQ-cm #4li7K ;Y .La . Pr.Nd .Sm .Eu.Gd . Th .
Dy .Ho .Er . Tm, Yb,Lu,Re FAIT R b W I (TR E
1000 mg/L, FZEA 4@ 5h) .

3)VRESL . Al E AL Ce, 04 (4EFF 99.999% ,
UET RACH M BT BRA R ) 5 R 2% N,0 (4l
99.999% , S VTAHFZEIR Tk TARA FRAF]) |
1.2 KW H*E

1) MERSFES, . MEFRFRIEL 0. 100 0 ¢ =4l Ce,0,,
B HGCE F 100 mL PFA JH AR, Z12 A 4 mL fi
fi,1 mL XK, 150 °C R iHf# 1 h, RERE A 58 205 i
J& , AEAR R 100 mL 25 5 PRI [ s 4 A s
FRE

2) BC il bR S W, 43 BIRE B R Y La, Pr,
Nd .Sm Eu.Gd . Tbh Dy Ho Er Tm Yb Lu ¥.ICEFx
HEVE R BC i B 1 000 /L 1R & b o fif 45 e, 18 1)
2% B BRI W% A5 i TR A B A o il 2, Vi 5 46
0.0.0.1,0.2.0.5.1.0.5.0 pg/L,

3) Be B N PR, SR 2% fiF R BC 1 VR B A
20 pg/L fRe ¥,

2 R 51he
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Ja SESNTIE T 0I5, IR it b ik 9 7= 4
B 5 A TR Q2 ik 2 JE A K DU
fro 7= 2 MM Zs SR AL SR W, AH LA T O G AT
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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

— F R/ Q2-He/ QQ-0/ QQ-N/
% (mg-kg™')  (mg-kg™') (mg-kg™)
141Pr 100 27.4 0. 336 —
152Gd 0.2 33.4 — —
34Gd 2.15 89.7 3.36 —
15Gd 14.73 293 1.84 —
156 Gd 20. 47 29703 278 —
7Gd 15. 68 5085 365 —
8 Gd 24. 84 2940 35.4 —
199} 100 126 7.32 0.915
190G 21.86 97.4 0.294 —

Pr Al Th HA —AN[Al A ™ Pr F1™Th, 73531 %

§[J140C61H + iﬁ]lmcelﬁol H + E"Jﬁﬁ%q:jfjﬁfuzi , Gd ﬁlﬁ
Gd(0.2%) " Gd(2.15% ) ¥ Gd(14.73% ) ."** Gd
(20.47) "7 Gd (15.68% ) ."* Gd (24.87% ) ' Gd
(21.86% ) 2[R (B HERZE 52 5 Ce 1)
A E T R E AT, BT,
ICP-MS/MS fLik iy s bt H AR, L N, 0 AR,
RN TR E A R, B Pr 5 N,0 A
BP0 N SE I TR F S5 Mt R & 1
AR B, SEB Pr & A RRCE I, (HXTF Gd
JCER, BMETE O B f AT | 45 [l 467 2t 45
R2ERWB K, G Gd. "™ Gd 1yl ik 45 R AE
35.4 ~365 mg/kg Z [0, 111" Gd #£ O Jii & i
TR 0.294 mg/kg(#2), XK A*GCH.”Gd, "
Gd 63‘%"]%@]‘40 Cels 0 +/l38 Celg 0 +/133 Cel6 01 H; \140
Cel601 H + \142 Celé O +/l40 Cels O +/l40 C616 Ol H2+ E,g q:
P, X LE A RS AT LIS N,0 &4 0 it
RS RN, T B A R R R, (E XY Gd ok
U‘E,IGOGd §£U142C6180+ %HMZCCIG OHZ + B‘JXR%%:#E,
EREHTR0 FERM, B & 25T T, JLF
A5 N,O0 KA it 55 % TTE 160—176 (14
Ja i R BT LS Gd i HERRI A, Th A
— AR Th, B 7E S B i T 52
F)'"Ce' OH* T4, (H3E1E 9 & T 76 N th 5
N,O AR T R ALY B T Th N + | Al " Th W]
DLMERAIE

3R THE0.05% Ce,0, FEAK BAFT Q2 5
T 156,157 158 (159 it 2 44 () W (B, 7] LA %]
2 B AR R SR A S TP 5 B K (9987 -
31850368CPS) ., £ N,O %A it &2 % 5 5 =0 T £ )
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A5 FI S B AL 523 5 N,0 4R 45 A, Rt 4G
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Table 3 The intensity of interfering ions on different modes
il 156 157 158 159
*I‘*j[?‘z{:f% 14()Celﬁo+ ]40Cel()OH+ 142Celéo+ 142CeIGOH+
i 5{E CPS 31 850 368 72729 4065 756 9987
ey 156—172 157—173 158—174 159—175
+ﬁ%‘¥ ]4()Ce]60+ +]60 I40Ce]60H+ +160 ]42Ce]60+ +]60 ]42Ce]60H+ +]60
{558 CPS 67 706 388 104 18 245 52308

Feat T, HAUR Ak & E U RS B ROCR
TS (B 159 —175 1915 5 M 9987 75
52308) , 5% 2 KA R —2
2.3 RESRERNRIG

Bl 2 e TANF R B S ™ Th &4 A i
R RIAUN R B, 2 B N, O U i 1Y 48 % 45
i, 24 N,O W Kn, Bk SR e & Lo K
7, FETh BT AL iAR/N, RS AT S N,0
T KEE, BAR T DL S R TER 7050 RO, (2 ad
Z 1 N, O 23 FEARAIE 5 f 17 it v ™= A 53 BT 90 B8 1 3
AE , (HHTC IR e A VAR AT & 4 B, DA T 61 2k 2R
FE o N T ORIE = SR 1 2% B AE SO A X i R4
AT, N, O T A AL B il T + 2 a4k
2R AL, A 10 we/L 8 Th AR, Th &4
Fa i e W R S S 1
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Fig.2 Optimization of N,O flow in reaction cell

HEE ], Y N0 i T 0. 23 mL/min I,
BfE S E IR, T #5173 #1175 a5 B
RPEZHHE R, 2 N,0 LMEKT 0. 23 mL/min
B, B 0 1 K, T S 1 R R A
%o Th AP Th'°0 " A Th" N * [l #4— 2, Bk
£ N,0 SN 0. 23 mL/min,

2000 000

2.4 WESREMNK

T4l Ce, O, MR FH 0. 19% FEARSERE ) FH & AL
(R 3BT 73 T DASE R4 BT 28 & i . (E& i
T RIS BT 1000 me/L, K038 2 5 30 N
bR TR, DL T IS5 R B 22, R T /b i 3
AR AR DS R 25 SR s ), 2 R e o 20 BT TR B
SIAGSANE IR R, IO T 3 SRR 1Y)
[P/, 3 A B A et 2 3 N [l WA 236 1y i
$&, E AR AR 1. 15 L/min 545
AAE BB B RN 0.0.1,0.2.0.3.0.4.0.5,
0.6.0.7 L/min Bt 5 ZL %451 h INFR Re AY NI
R R M S R R 3,
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Fig.3 Change trend of internal standard recovery
MIEL 3R] R Bl 36 i R AT A O T 1
0. 1% Ce, 0, FEMRA PIAR ISR ZHT T =, i WA B
RUSEIPNCER T = 2t SO AN TR & i AT
R, R BN E] 0.5 ~0.7 L/min B, AR
MR A TRE . LA R RE R o e xy
R W — 2K, 255 75 18 R AR [l
R [R]AE H F B B ] 72 £E 0. 55 1/ min,
2.5 SHREH. SRR BXREMEHR
PATFIN TR FINARTCER Re BRI HUAE A AL

Relal /%
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P, BC A A ot e B S R A R 22 1 RS R AR v It 2%
A ICR B LN SC R ELALE 0.999 7 ~0.999 9 X [H]
(R 4), INER ROy 28 AR L IR ZE 70 B 11 T
FHAERY 3 A5 A ifiEdn 22
F4  MNLOCER PR TR SR EL
RS H1 R
Table 4 Determination of element mass number,
analysis mode, linear correlation coefficient

and detection limit

MR 5 R

i RIS 5 1 6] e 2 A AR SRR 2R A T 6 YRR
K2 BEME I 25 R A AR B A 22 (RSD)
TERT 0.1 mg/kg ITCEHKHE RSD <2.21%,
14 Fhoe 2 hndr mICRTE 81.2% ~ 105.3% 2 0], %
A AR Al v R - 2% BT o0 3R 0 M B Ay, Hr
Y .La Nd.Sm Eu, Dy Ho Er . Tm. Yb Lu JCE R
MR AT A I, Pr Gd  Th JCZE R N,0 Fift
SRR TR, I 25 SR L3R 5

2.6

SECE R bR %Z;/‘ ?fij';ﬁ)/ 3 #hip
. % 02-Hie 0.9999 0,009 B0k v S A R s R ik o R TN R X 1 ]
La 139 (Q2-He 0.999 9 0. 006 E@,Z—‘ﬁ%ﬁfﬁfi*ﬁﬁ%ﬂ NZO B\%%%*Z*ﬁﬁ—lr,%
Pr 141157 QQ-O %%  0.9999 0.001 FH =5 VOB AT L SRR G 55 B K i (1CP - MS/
Nd 144 Q2-He 0.9999 0.014 MS ) 2 ELA2 2 w5 46 = Ak Al Y 14 B b4
Y gig e POEH, BT kLA N,0 0y 2L, 0.19% Fi 46
Gd 160—176  QQ-0 ¥  0.9999 0. 002 Ce, 0, %WE%&#,%%N%W&%%% B
Th 159173 QQ-N#:FE 0,999 0.011 AEOCHE A | HA IR A A 1 BR AN G- 2%
Dy 163 Q2-He 0.999 9 0.007 K ICEMFR IR 81.2% ~105.3% Z 6], FIH
Ho 165 (2-He 0.9997 0. 002 il 4 A 2 A AR AR AT Y Y La . Nd, Sm  Eu,
B 166 Q2-He 0-9999 0. 004 Dy Ho Er Tm .Yb Lu,N, O, Jiv i 54 #5107 481k
oI le09me 6.0 BT Pr Gd | Th, BRI ES 4 7 LA 3 2
Yb 174 Q2-He 0.9999 0. 006 o RN - N
. 175 02-He 0,6990 0,002 FET T, L4 L Ce,0, BIHEMFENE
TS5 R TR MHERR RS %
Table 5 Accuracy and precision of impurity REE
. Fes 1, BEM 2/ KRR/ KERN4/ REWS/ RESes CFHME/ RSD/ didbREs BNRME/ dwEEDIL
© (mgekg™') (mgkg™') (mgrkg™!) (mgokg™) (mgekg™) (mgekg™') (mgrkg™) % (mgrkg™') (mgekg™')  F/%
Y 0.998 1.007 1.016 1.025 1.010 1.010 1011 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 0.33 118 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 0.134 0.135 0.132 0.139 0.134 0.132 0.134  1.87 0.1 0.21 79.8
Eu  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
™ 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,0) 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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