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R YL ST B ICP-AES WEF

ai sg{LiEH La, Nd, Eu #1 Gd

% FW, MK AN FEHX BED,E B

JIPERZAR AL T 2B P BT 530004

W E LSRRI TSR R B S S 4 YD Oy La, Nd, Eu fl Gd SR E 4 BIT# » JF 1 Optima
5300 DV ICP-AES i€ 73 B W ARG iixX 4 FhoTR . HHKLF4EX) Yb A sl SR M 25 134 mg» g ', 4.0 g
LRAERE R4 250 pH 3. 00 AR EA 1. 0 mL « min A BAESS . Zr BAESELAGEE S 1.5 mL « min 'Y
pH 3. 00 HNO; &K 80 mL byt . HLAFFRE pH 5. 00 £ 0. 01 mol « L™" EDTA B il ik vk . 4R 3%
B1: 10 mg Yb 545 0. 100 pg 1) La, Nd, Eu#l Gd REIKBIEEL /35 438 100 mg Yb B )5 - 1EAR
BB Yb ERE WAL 0.017 1 pg » mL', BFRWIR, SRR T Y Os BYHEE/N T 100 pg »
mL™' (41 Yb 87.8 pg » mL™ DB, BXHNE La, Nd. Eufl Gd 52 BT & i SR TH il LLZBE AT, & 4R
5B 3R La, Oy 3. 68X10°, Nd2 Oy 4. 20X10°, Eu, O 3.82X10°, Gdy O3 4. 01X 10° , J5 4 KR 43 51 F
La,O; 0.005 0 pg e mL ', Nd,O; 0.014 pg* mL™', Eu;O; 0. 001 8 pg* mL™ ', Gd;O; 0.008 2 pg » mLL"!,
AT T 99.99%0 Yhy Oy Bffh 4 FhAR £ 28 BRI AE » A5 UE A -2 143 51k La, Oy 94. 204,
Nd:O; 107%, Eu, 05 97.8%, Gd.O; 102%, RSD (%, n=5)43%]K La,O; 6.2, Nd:O; 5.9, Euw,O; 7.3,

Gd, O; 2.5, KOEMZATTHST Yb BYFEAICHS. 70 Hr A  4 h,

K§gia

hESES: 0657.3, TF845 XEFRIREE: A

5 "

o 20 - SR A P AR A I E T . SR T
JECH A S B A R 1 (ICP-MS) 11 L B 4 25 B TR 6 1%
(ICP-AES) % T aURE JE AR 14 DI D 356 795 b J 325 T T 11 14
— AN R T A e i 1) B ICP-AES ¥ 5 i 4l 64k 4
s AL AR + ALY P R 2% R 2Ok A B B ET
AleksievadF Xt ICP-AES B 235 I HF5E BoR, Yb X HAh 16
Tl £ o0 EAEAE™ T B OGS TR A ARG T, Ak Yb
Mk IR 8. 78 mg » mL ™' (Yb,O; 10 mg » mL™ D], B7E
AR +-IC R A B R BFHE  FPRZE o L A58 AR B %
3650, S utlE i H AR 5T 3 40 BT 2 B ) e 22 g -
L' HCl WP RRARZY 14%, N 1 e I 2 pb s + 2% 5
B T AL ICP /e S 800k, 8 75 X A v V5 V0 17 36 1A DL
[N AN <57 1 i i 75 by N ] T 2 i 7 W
F—nk, RELA ICP #ES BB ARIC FR B T4
KMELIZRR. T3 5h . HESE R RGO i irik, B e
IR et O R 1) SR A AR SR o VAV 1) S AR D JRE R T
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Optima 5300 DV %I ICP-AES(3& [H PerkinElmer /A @),
RF JZA i 40. 68 MHz, Scott 55 % IEAZ 51kl IHEH%E
HERE, PR BOG B 4R A L R S8, A SCD Kl
aro TLRME LA AMIIFH 1300 W, BRI IS5 L -
min ', B 0.8L e min !, HiIIK 0.2 L » min !, #EZ)
FHETHE 1.5 mL « min ', WMEEES 15 mm, A3iEHGES
RARBTH] 1~5 s, B/ HESRRY , Wb 3 s AR . 2 4
HEHE FALIE ;s Yb AR, La, Nd, Eu Hl Gd %) e,
Ay HELR 4y W . Yb 289.138 nm, La 379.478 nm, Nd
401. 225 nm, Eu 381. 967 nm, Gd 342. 247 nm,

3¢ 4 YbyOs, LapOss Nd: O, EuwO; Fl Gdy O
(99.999%, LRFLET ), mal YbO;(99.99%, HEZh%E
LR RAFED o SRERE B F 3 o 4 RSB A IR
LA AL, HNO;, H,0,, EDTA, NaCl, /K&
Wi FoKI o sl LI A R B TFK,
1.2 HLIirEBRRAEH
1.2.1 YbO; At &k

WERRFRI 2. 500 g 34l Yb, Os F 50 mL Ke#Fr, A
WembiR 10 mL /b Ho O, AR, 2R, Ho.1
mol « L™ HNO; i@ I ERE 25 mL A& . B84,
TRVETRHEE M 100. 0 mg » mL™ Yb, Oy, Yh, Oy 8% Yb [ HAth
YR B VA WO FH I OB R A ).
1.2.2 H kA RAR A4 &R

S3HIMERRFREL 0. 100 0 g ik ali La, Oy 5 Nd:Os5 Eu, O
G, Os 5 #% 1. 2.1 AYALIRTT 1243 B BC A 1 S0 ) o it e
FEXZh 1,00 mg « mL ' ARIERE A A 100 mL, XEETTH Y
HCAth v B VA VI H IV W% s R A 31

ICP-AES B FIRIARHE TR » T AR I R B0 I L1 VA B 1 00
FH— 8 e 1) EDTA %l VC B L4,
1.3 ERABFIHRALEFNHE

PR TSR BT AL 3~5 mm KJE, HEHETF
KR 24 hiEfL SRIGHSEFAEmuE T, B FHAE 35 CT R 6
hy A THEARAE, T FRIBUL BT ) T2 4t 4. 00 g,
EEF/KEIM 20 min f5, RARZ: HH R R H N 5
A BWARRR Y 25 mL B EE T, EREL 30 cm (1
LRYERE T PR A D R B IE A . 3.0 mol « L' NaCl LA
1.0 mL « min~ ' MR PELT 4EHE, FE 4 35 mL B, M
€, SHEN NaCl kPR ML 2T 454 20 min, 1527 485 K40
G, HHEEFRERRIDBEASEE T
1.4 KWEHZE

FARER— 5 2 14 1 2 ALK 58 (99. 99%6) F 50 mL HEh
1.2 My DO R R . R A, MR O . E
B — e R I, AR UK E pH 3.0 )5, L 1.0 mL
« min 'R B4, FAESSR)E, S5 80 mL pH 3.0 [ FE
HNO; & mse A, LIRS 1.5 mL » min™', pH
5.0 19 0.01 mol » L™'EDTA Z¥ kM3 854, & BAER
Yb 4% 100 mg (B Yb, O; 114 mg) . 4 BEBE 09 1 V&
135 mL ZE7 I 4 KR4y Yb B AW . ARG W EERE)S 1Y
W 20 mL, JFEAZE 25 mL, 3% E X RE TAE S
FEARTICE .

2 #iRHihe

2.1 SAEXT ICP-AES U E K750

ZE T 0.200 pg » mL! La,O5, Nd: Oy, Ew,O; Fi
Gd; Os 4334 BE R 0. 00, 20. 0, 50.0, 100, 200 pg » mL ™!
Y, Os WY ICP-AES [l #4558, s 1 afAn, M3k
AR <100 pg « mL "B HASEIECN . R AR
JEZ=100 pg « LI, BN HAWRS T2 B TR R . A
AN B A R R AT R AR DC TG, T gl AR AR
La; Os 5 Nd; Oy 5 Euy, O3 Fl Gdp Oy WIXE ISR IEHER B

Table 1 Measuring error of 0.200 pg * mL™' La,O;,
Nd;O; , Eu; O; and Gd,O; in presence of Yb,Os

SR/ (g - mL1) 0,200/ (pg - mL- D ZRIMMERZE REY

Yb, O3 Lay O3 Ndz O3 Eu; O3 Gdz O3
0. 00 0. 00 0. 00 0. 00 0. 00
20.0 0. 00 0. 00 0. 00 0. 00
50.0 +2.50 +0. 50 +0. 50 +3.50

100 +4.00 +1.00 +3.00 +7.00
200 +3.00 +1.00 +2.00 +10.5

2.2 BFLZHRFHMERBERE
FREL 3 43 0. 400 g SRR B 122 e 2T 4, 73 7 At Jf
TR LT L 53 )% i Na B8, H BIAN Cu-H 8BS, BEHL 3 55 &
AW, B Yb 10.00 pg, La, Eu fl Gd 4% 1. 00 pg.
W= pH 3.0 f5idA:. JH 80 mL pH 3. 0 (RS ER Tk L, T
F pH 5.0 4 0. 01 mol « L' EDTA £ WM UE, S0y 2
mL Ji B FREAZE 10 ml, #9500 14 22 &k
VR h AR LOCR WAL, FRahimpe il £ {52, Na
RUFN H BYLF A a] (R 5 e 2 s (&1 1, B 2) 5 i Cu-H
RILFAENIRRE. (B2, 5 H BILF4kE AL, 76 Na BIZF 2 4
SR AR LTI AR EDTA sk a /b, STl kEmt s
5, D, ARSCHE Na UL 4EAE HEATIR TR .
241
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—0—Gd —=—Yb
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Fig. 1 Elution curve of Yb, La, Eu,

Gd on Na form fiber colunm

2.3 43 YO ISHERMEE
0.2 g SRR B F AT LR A I E A AL S, pH



% 2 1

it ST

525

3.0 1.70 mg e mL~! Yb AW LA 1.0 mL « min ! Jii i 4L
A, ) ISR R DU WA I A 1. 00 mlL 3 HE R P
Yb k. B 3 Il Yb g4 . RN E T A et 4E 1Y
BAWMI AR Yb 134 mg g ',

3.57
3.01
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]
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Fig. 2 Elution curve of Yb, La, Eu,
Gd on H form fiber colunm
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Fig. 3 Breakthrough curve of Yb fiber, 0.2 g,
Yb 1.70 mg - mL™", flow rate 1. 0 mL * min~"'

2.4 WEFIXFS BRI
IR KU, (U HNO, Wyt 2F 44 Eagi £, Apefl
La, Eufil Gd 554k Yb 4388, #RWK LA 5560 pH 3. 0 1)
FRHIR R 80 mL TRk YL, FLA pH 5.0 (1 0. 010 mol » ™!
EDTA #ilkve£F4EAt, W 0.4 g LF4EAESLARAS 67 100 pg YD
50.100 pg i La, Eufl Gd 5844085 G 4,
2.5 BERHEENNBEHZMW
I8 TTE 4. 0 g SRR B F 2 2F 4E4E | Yb Y 2
48502k 1,00, 10. 0 F1 100 mg, La, Eu fl Gd ¥4 0.100 pg
PR3 BB, 24 Yb Y& 1. 00 mg Bf, B La, Eu
M GdBEsE 2B 24 Yb By fi#kaE 10. 0 mg B, B 5 La,
Eu f1 Gd 15886258 &4 85 (B 5) . B Yb e ik,
Yb kRS, WSRO, BRI, 52T Bk
MR ER . Y Yb &y 100 mg B (& 6), BRES
La, Eufl Gd NEE5E 458, (B2, 7F 135~150 mL & 4
6 La, Eu il Gd (9 15 mL 3T, Yb BB R 0. 017 1

pg e ml ', BB RARE] Yb 7E La, Eu M1 Gd 195 88
IR 2. 56 X107 o, i 1 AT, E UG AR MR B2
1 Yb # W INAE Las Nd, Eu il Gd #2445 o0, WA
23238 Yb (T, B, £E 99.99% YboOs Bt B 1 FE
H. Yb IRAUVNTAE T 100. 00 mgs B Yb, Oy 1 LA

0.4
—&—La —@—Eu
—a—Gd —=—Yb
~ 031
=
g
S Y
. 0.2 b
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i
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Fig. 4 Elution curves of Yb, La, Eu and Gd
The exchange fiber 0. 4 g, Yb 100 pg, La, Eu and Gd 0. 100 pg, elu-
ted by 0. 010 mol *« L.”! ammonia EDTA after preleaching with 80 mL
pH 3. 0 dilute nitric acid
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0.157
o
o0
E 0.104
QU

0.051

0
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Fig. 5

Elution curve of Yb, La. Eu, Gd, fiber 4. 00 g,
Yb 10. 0 mg, La, Eu, Gd 0. 100 pg

0.20 7

p/mgL!

120

130

140 150
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Elution curve of Yb, La., Eu, Gd, fiber 4. 00 g,
Yb 100 mg, La, Eu, Gd 0. 100 pg

Fig. 6
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AINTEET 114 mg . B 6 H1 La, Eu Al Gd 193k pElE LLE 5
R T B A DA DA R, K R R BR T OSSR A Z A
99.99% Yh, Os H B X LA OCE, i H e A1 = b
Yhy O b 5 BB s .
2.6 BSOS

HEREREEL T 100 mg Yb, Os (AEE A 99. 99 %0) AR 5

By FERR 1. A SEATFATSEE , RRR AT A RN 2,
2.7 FRAEMN B SEIE

1 5 438 100 mg A ALEE (4N 99. 99%0) ik Hh ¥ 43
FIMA La; Oy s Nd2O5, Eu Os Hl Gdy Oy 45 0. 100 g, $¢ 1.4

AT VAT IR IRl S5, IRESE RN 3.

Table 2 Sample analysis (n=5)

i 1 2% 5t RE Hh/(pge g FER/ (pg e gD RSD/ %
LayOs 0. 33, 0.35, 0.33, 0.29, 0.31 0.32 6.2
Ndz O3 0.24, 0.26, 0.24, 0.24, 0.22 0. 24 5.9
Eu, O3 0.61, 0.70, 0.61, 0.58, 0.62 0.62 7.3
Gdz O3 2.83, 2.86, 2.99, 2.92, 2.82 2. 88 2.5

Table 3 Results of recovery test (n=5)

i 1. 7% 5t RE i/ (pge g™ AR/ (pg gD MWAFERE/(pg- g™ [/ % RSD/ %
Lay O3 0.32 1. 00 1.27, 1.16, 1.32, 1. 30, 1. 26 94. 2 6.6
Nd; O3 0. 24 1. 00 1.35, 1.27, 1. 28, 1. 36, 1. 31 107 3.8
Euz O3 0.62 1. 00 1.52, 1. 60, 1. 66, 1.63, 1. 58 97. 8 5.4
Gdz O3 2. 88 1. 00 3.81, 3.93, 3.97, 3.90, 3.92 102 5.8

2.8 EHEFEH. AEKRHRMEER

Bolo 2 ek 1.4 w05k BRSS9 ICP-
AES I, 1532054 2% B ALY R W BEAR HEZZ 0 s, 20 dil]
LA 3 A% s F110 475 s PR LR SR AP ARt 75 vk O G Y BROFITE
TR, W 4.

34 i

FH i 1 R 7 ST A A S S R S e A R A B
B M+ La, Nd, Eufl Gd 24T R . KM
EDTA S5/t XA B o0 547 B m i A . AL
REAS A AOWIHBR ICP-AES Il %E La, Nd. Eu # Gd W™ 4
RS TR E R T, 5 G 1R v W P B g
PR e ok B SR A B VE PR BE Ay Bty . I LT A MR RE A E . AR
JARES AT . A TT ik R KEGE T ICP-AES Il 5E % 214/
B Las Nd, Eu fil Gd ST TH0RE ST« BeR Ak AN

z %

BRI TR, 08 0 R LT o B — I A%
T+ WIELLUS B L2 BT R B n] B4 B4 %000 B B0 )
Oy B R i A AL Y Lay Nd. Eu il Gd %0

Table 4 Enrichment factor” , detection limit

and quantitative limit

Mitde WfEZEG=10)  EEMEC KR/ X100 R/ X100
JiRE  /(ngemL™1) X10° (ng*mL™") (ngemL™1)
Lay O3 0.61 3.68 0. 50 1.7

Nd; O3 1. 98 4. 20 1.4 4.7

Eu O3 0.23 3.82 0.18 0. 60

Gdy O3 1.09 4.01 0.82 2.7

* WA RBRRICR SR RIR 2

Bt - WP SN G IR L I REA R BR 2 F 4y
TR

X B
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Separation with Ion Exchange Fiber Column and Determination of La,
Nd. Eu and Gd in High Purity Ytterbium Oxide by ICP-AES

GONG Qi, CHEN Jie, JT Ri-wen, PAN Xue-zhen, WU Juan
College of Chemistry and Chemical Engineering, Guangxi University, Nanning 530004, China

Abstract In the present paper, trace La, Nd, Eu and Gd were separated and enriched with strong acid ion exchange fiber col-
umn from high purity Yb,O;, and then determined by Optima 5 300 DV ICP-AES. The ion exchange fiber’s breakthrough ca-

1

pacity for Yb was 134 mg » g '. The separation condition using 4. 0 g fiber column was that after the test solution (pH=3. 0)

1

was fed into the ion exchange fiber column at 1. 0 mL « min ', the column was pre—leached by dilute nitric acid (pH=3. 00) of

! at first, and then was eluted by 0. 01 mol « ™! ammonium EDTA (pH=5. 00) at the same flow rate.

80 mL at 1. 5 mL « min~
The results showed that 10 mg Yb could reach the baseline separation with 0. 100 ug of the four rare earth impurities, and after
100 mg Yb in feed solution had been separated, only 0. 017 1 ug + mL~' Yb remained in the impurities enriched effluent. When
the concentration of Yb, O; is less than 100 pg * ml ' (87.8 ug e mL ' Yb), the matrix interference from Yb on with determina-
tion of La, Nd, Eu and Gd can be neglected. The enrichment factors were 3. 68X 10° for La, O;, 4. 20X 10° for Nd,O;, 3. 82X
10° for Eu; Oy 5 and 4. 01 X10° for Gd; Os , and the detection limits of the method were 0. 005 0, 0. 014, 0.001 8 and 0. 008 2 pg
«mL ! for La;O5, Ndy Oz, Eu, O5 and Gd; O; respectively. The proposed method was applied to the analysis of 99. 99% Yb, O,
with RSD (%, n=5) of 6.2, 5.9, 7.3 and 2. 5 for La,O;, Nd,Os, Eu, O; and Gd; O respectively, and the average recoveries of
standard addition were 94. 2%, 107%, 97.8% and 102% for La,Os;, Nd;O;, Eu;O; and Gd;O; respectively. The calibration

curve did not need matrix matching with Yb, and the analysis period was within 4 hour.
Keywords High purity ytterbium oxide; Strong acid ion exchange fiber; Separation; Rare earth impurities; ICP-AES
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