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1 KEES

1.1 NFRETEIESH
OPTIMA-7300 BRI /EFMBA F & F & F T & 5t
i (£ E Perkin Elmer 248D, X & &4ETF
ZHERE L,
%1 ICP-AES T{E&#

Table 1 Working conditions of ICP-AES
E = THE&H
Parameter Working condition
BRI E/W 1 250
4% /MHz 40.68
S bk (AD /(L/min) 15%??;{;5?)%%”
#HE/(mL/min) 1.5
BHEZFEHE/(r/min) 25
WE Jy 16 E£H
SR % BE /mm 15
PREG PHBLR, —HER
Kt 2 &%/ (gv/mm) 79
76 0 28 SCD(4+ B R i fR & Rl 28)
BorEtiEl/s 2~5
L2 &

B BE BB R TRINEM SR (B R WMBH

BHIER 0D 01 000 pg/mL;30% (V/V) it BALE.
R PRI AR A B AL B B AL R
g (B HmEHREE): FEFSHBKXT
99.999%, WL 900 CHE I hE . RHEER,
BT TRBFHFH.

B EAAY RS 2 DI B A
fosh ELRE B4R & 0.1 gOFE#E X 0.000 1 g)
F 4 4~ 100 mL /MEEAR i 10 mL 588 CRALE N
10 mL M8 FFWMS EHED EERAZ L, BB
BBAL00mL ZER P, EX . B . BH -+
FALYIAR S & T W, LR R P AL AL R
LB FIEAL BB R BRI 1 mg/mL; A
W R B, 100 pg/mL F110 pg/mL H—F L8
A TAEWE L BHBRE R SN (V/V).

LR AR ERE RS R ECH] R 2 R
BUE AL Bk BB AR L T 150 mL BedfF,
1 20 mL R (1+1),2~3 mL 1 EALE I 5T
S5 R HLERHBE 200 mL AEES. €585,
AW+ B BRREWRE R 10 mg/mL(R RS E
Y s 2 %Y. La/La, O, =0. 852 6,Ce/Ce0, =0. 814 0,
Pr/Pr, O, =0. 827 7,Nd/Nd, O; =0. 857 3),

%2 RIESHARERRARKE

Table 2 Mass concentration of the rare earth distribution standard stock solution

Wit ERERE 1 Wi EEEERL
Rare earth distribution standard stock solution | Rare earth distribution standard stock sclution [l
=R
Onide R 179 85 RO T S 59 R
Oxide mass/ Converting elemental mass Oxid s/ Converting elemental mass
x 4ss/8 concentration/{mg/mL) xide mass/g concentration/(mg/mL)
Lay Os 0.469 1 2.00 0.539 5 2. 30
CeQ, 1.228 4 5.00 1.302 2 5. 30
Pr;On 0.241 6 1. 00 0.193 3 0. 80
Nd; O, 0.466 6 2. 00 0.373 3 1. 60
mLESREREERD LR EERN
Rare earth distribution standard stock solution [l Rare earth distribution standard stock solution]¥
=y
; &
s N 598 R R P LIy
Oxide mass/ Converting elemental mass Oxid o/ Converting elemental mass
& concentration/ (mg/mL) xide mass/g concentration/(mg/mL)
Laz Os 0.586 4 2.50 0.633 3 2.70
CeQ, 1.3514 5. 50 1.4250 5. 80
Prs Oy 0.145 0 0. 60 0.120 8 0. 50
Nd;Os 0.326 6 1. 40 0.2333 1. 00

FEF 4 2% B A A T 1 2 HRCH G R - A A B B
10. 00 mL 1 000 pg/mL %k B .8 EE TR IR UER
HZWWT 44 100 mL R EHBRER 5%
(V/V), R B8, IE Wb gk B B B BB K
FE¥ K 100 pg/mL; 4B 10. 00 mL ZHF# T 100
mL ARIEA.EHBRERN S (V/V),BF .85,

WA VB VENEEREYN 10 pg/mL,
SR REETIK.
1.3 XBFZE
1.3.1 H@RATaeE
FREL 2 g ZE 0. 000 1 g)RESL T 300 mL 4%
W, A KA 10 mL 3B, MREH TG,
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Table 6 Linear range, linear regression equation and correlation coefficient

TE PP LN O MERK
Element Spectral line/nm Linearity range/(ug/mlL) Linear equation Correlation coefficient
La 384. 883 200~650 I=211 354 p—102 112 0.999 9
Ce 418. 660 250~600 I=743 505 p+11 905 1. 000 O
Pr 422. 303 20~100 1=823 427 p+125 467 0.998 8
Nd 406. 109 50~200 =265 042 pt+2 421 1.000 0
Fe 238. 204 0.10~2.0 1=281 833 p+5 480 1.000 0
Si 251. 611 0.10~2.0 1=75 177 p+805 016 1. 000 0
Zn 213. 857 0.10~2.0 1=415 952 p+34 648 0.999 8
Mg 285. 213 0.05~2.0 =4 315 990 p+208 259 1.000 0

2.4 BRIMSWEMENBEERR

R hERLOTRAE SIS E, R

B AL B BB L A 5 A B R R
5 FIA RS 6, HITHEREMERESR, WR T,

®7 GHERTHIESHWESR(n=11)

Table 7 Determination results of rare earth distribution for synthetic sample

_— BB S AR 6
it E % E it i {E
El
ement Theoretical value w/% Found w/% RSD/ % Theoretical value w/% Found w/ % RSD/%
la 25.00 24.93 1.2 63. 00 62.98 0. 56
Ce 53. 00 52. 85 0.38 25.50 25.55 1.1
Pr 6. 00 6.22 1.2 3.00 2. 83 3.0
Nd 16. 00 16. 06 0. 55 8.50 8. 54 2.4
2.5 FEBEZFREEHRMNAE TR *®9 HBREERIEEARBTERLIRR

FEAX A BefE TAE A T Xt A g i =2
113K, LL 3 bRl 22 T B 2 R W BE BRI R PR
DAKE H PRI 5 58 8k R B VBERME TRR. W

AEMNELER (n=11)
Table 9 Determination results of non-rare earth impurities

for battery grade mischmetal

_ AW EE BHEH"
2% 8, Eljenim Found by proposed RSD/ % Reference
method w/ % w/ %
*8 FFIZATENERERMIUETR Fe 0.16 1.3 0.17
Table 8 Detection limit and low limit of determination Si 0.017 8.4 0.020
£ . . Zn 0.007 0 9.0 0.006 6
or non-rare earth impurities
Mg 0. 067 2.6 0. 069
iz S E‘z{ﬂi‘g ' ﬂl"lﬁ'—l‘—llﬁ T BERARERE .10 TRAESCERNE R
Element speﬂral Detection limit LO‘{" llffllt of MAESEEEENE TR EREEE FHRRIEERNE B
line/nm w/ % determination w/ % F B F M G i B R .
Fe 238.204 0.002 8 0.014
Si 251.611 0.002 1 0.010 3 HERao
Zn 213. 857 0.0010 0.005 0
Mg 285. 213 0.001 9 0.009 5 P BB 06 7 W O [RHE UK B & o 2 R R L
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£10 EHSEVEBERRARLIERHAAEER

Table 10 Determination results of lanthanum-rich metal and battery grade mischmetal samples w/ %
Has F )
Sample No. Method La Ce Pr Nd Fe Si Zn Mg
ICP-AES 60. 28 28.79 2. . . . . .
L PFLME3001 91 8. 02 0.22 0.020 0.009 3 0.035
Hihs 60. 64 28. 44 3.01 7.91 0.24 0.018 0.010 0.039
ICP-AES 60. 92 28.07 .0 7. . . 015 . .
L PFLME3002 3.02 99 0. 096 0. 015 0. 009 5 0.036
Hit ik 60. 63 28.51 2.97 7.89 0. 10 0.013 0. 010 0.038
ICP-AES 28. 56 50. 64 5.10 15.70 0.12 0.019 0. 006 4 0.063
L-PZnME2801
HAob o % 28.22 50. 59 5.15 16. 04 0.11 0.017 0. 007 0 0. 065
ICP-AES 27.20 51. 69 5.28 15. 83 0.14 0.017 0. 005 8 0. 065
L-PZnME2803 i
HoAth 7 B 27. 31 51. 81 5.14 15.73 0.13 0. 019 0.005 4 0. 062
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Determination of rare earth distribution and non-rare earth
impurities in battery grade mischmetal by inductively coupled
plasma atomic emission spectrometry

ZHANG Gui-mei', WANG Yun-wei’, GAO Han-bing®*, ZHOU Xiao-dong'
(1. Smelting Branch of Northern China Rare Earth(Group) High-tech Co. , Ltd. , Baotou 014010, China;
2. College of Mathematics and Statistics of Northeastern University, Qinhuangdao 066000, China;

3. College of Mechanical Engineering of Hunan Institute of Technology, Hengyang 421000, China)

Abstract; The sample was dissolved with hydrochloric acid. The mixed standard solution series were pre-
pared with the rare earth distribution(lanthanum, cerium, praseodymium and neodymium) and non-rare
earth impurities (iron, silicon, zinc and magnesium) to draw the calibration curves. The total content of
rare earth elements in standard solution series was consistent with those in sample solution to eliminate the
matrix effect. The rare earth distribution (lanthanum, cerium, praseodymium and neodymium) and non-
rare earth impurities (iron, silicon, zinc and magnesium) in battery grade mischmetal were simultaneously
determined by inductively coupled plasma atomic emission spectrometry (ICP-AES). The analytical lines
for testing elements were selected. The interference of rare earth elements to the non-rare earth impurities
as well as the mutual interference among non-rare earth impurities was investigated. The correlation coeffi-
cients (r) of linear regression equations of calibration curves were higher than 0. 998 8. The rare earth dis-
tribution including lanthanum, cerium, praseodymium and neocdymium in synthetic sample were deter-
mined according to the experimental method. The found results were consistent with the theoretical val-
ues, and the relative standard deviations (RSD, n=11) were not more than 3. 0%. The detection limit of
non-rare earth impurities including iron, silicon, zinc and magnesium was between 0. 001 0% and
0.002 8% (mass fraction). The low limit of determination was between 0. 005 0% and 0. 014% (mass
fraction). The non-rare earth impurities in low-zinc low-magnesium battery grade mischmetal sample were
determined, and the found results were consistent with the reference values. The RSD (n=11) was be-
tween 1. 3% and 9.0%. The rare earth distribution (lanthanum, cerium, praseodymium and neodymium)
and non-rare earth impurities (iron, silicon, zinc and magnesium) in actual battery grade mischmetal sam-
ples and lanthanum-rich metal samples were determined according to the experimental method, and the
found results were basically consistent with those obtained by other analysis methods.

Key words: battery grade mischmetal; full spectrum direct reading; inductively coupled plasma atomic

emission spectrometry; rare earth distribution; non-rare earth impurity



