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M HEATE T AR 5 T, A CsNO; g i sgdm il . & 0E 75 M Li LR A m e+
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LS T F b E AR A R R 2 00 R B A 3 R A R TR K
e (AAS) LD BERHE & S8 F R R & 1% (ICP-
OES) 3% 1t KR A 45 35 T 1R B3l (ICP-MS) kM, Ho,
AAS B FHICE MR, AEAG @l R, H Gk
W2 7E T A A2 T 5 T R R e 1k 4 1 o8 R (AN Ca)
DL E R A 5 B T R (ICP) S 3 & 5 1) ICP-OES Fi1 ICP-MS
HAPE M2 Foe R MR EDT, SR, 4B 5 ICP AR E
TAEFEHEERES M SAES . FESVRAR, T
Az 77— 2 TR b X S 36 5 e T X R R I B R I A R
O MERSE ., T A S TR R T R O (MP-AES) ¥ #15 5
T 8 o AR A B A5 B IR B R R . R B i 3 A
ARMERELEREME, FAERENMESEE FIA
(MP)YE, 2 4E i 45 3 I F ICP-OES, 725 3¢ 3% FH fak itk 114 fe %
Li, Ti; Oy, #4743, F)F§ MP-AES | 28 Li, Ti; Oy, B8 14 Fif
SIBEFTILE., SN LT, £ F 4 )8 22 B o0 £ 1%
JIAS R T o I AT

I

1.1 B/RBH

Agilent 4200 B 55 B 11K J/ & B A (& [ Ag-
ilent A H)), BL&s 4107 AR K EH, RALEE M TESK
. Th&, 1000 W; FZALSE, 0.3~0.95 L« min !; %
min ' FEETE L 3 s; A WE 3K BUERA
FEIREFIE]) . 30 s; PPEEE A, 40 s; BER A, 20 s; T HAL
iE, FLIC, MARs 5 % P 0 i 1 % & 4t (5 B CEM A DD
Milli-Q #8 4l /K #1 (3£ [H Millipore 24 #))
L2 fREBRRSAF

1000 mg » L'y Mn, Na, Pb, Ni, Cr, Zn, K, Al, Fe,
Mg, Cu, Ca, Co f1 Cd AL ZEFRUEVE M, 10 mg « LTI Y
PIAR T 2 AR o 7 W (B KA 8 42 Jm I Fs 7 4 Rt 43 A D3
)5 CsNO; (AR, [H 25 4 k2R 7 b st G PR 7D s 652
(W/WHRSER . 37 % (W/W)Eh M (IE 2k 2l . fEE BT,
1.3 HFmaE

B Liy Tis O A F 105 °C T4 2 h, dEFFRE Li, Ti; O,
FEMRZY 0.1 gORS B E 0. 000 1 @) Tl i MeiErh . A 8 mL
FoK. #E 20 min J5 e K R 0EEAT R TH R 58 UGS R ER
PR S AR 52 ) MP-AES U 5 . Jo/ a3 g A0 BE K 3 17 5 00 %
2 100 mL FEM P, FABAKHERER, TR,
U LR Sy S f e
1.4 FHix

BT TR AR UE IR W 6% (V/V)O IYER R A 2% (V/V)
P4 R VB A5 Y T30 S B 4 B T 1) A T) R 3 60 1) R 3R
GATHERE W, R MP-AES B X5 bR vEVE T . 25 11V T A RE &
W AT E , T A MR B ELMA 1 mg- LY
FRoCE A 1 g« L' B L gl 50 CsNO, . AR AL o il £k 11
BREME R P T LR A

2 HERSHE

W, 15

2.1 SITIELEIERE

PLEAR N B & IR 1 MP T 7= A ) 55 3 T IR B 249 5R
5000 K, IR FRACHE AR ICP, miA Fl T #E 5 & 51
1A B 22 1 e R B AR DI 4, AR R A0 T 0T R A E HR A
B, (AT A KRG T RDT, Wt f TR P
THRESGBEITER Li, S80S T 905 e H A 43
Hroe 2 e . IR MP KRB 155 BT A J0 3 56 4 i B RS
MG, ZROTRUIEFSALE, BARWME T 0% TH M
MBS T H AT ] T o0 R 0 A AR AE DG 42 b

R4 MP Expert 70 K 31 28 FE #E 75 19 43 7 1% £k DA SOV 7
THGLE S, WIGRME . L ES D MEFERERN, Xt
[l — AT JC R 2 LR RS R AT, BN TR Mo
P2k . 38 % Mn AR S I H#5 &K B, Mn £ 403. 076 nm
b 1 SRR B R FE 259. 372 nm LB R BN B TR
16 ICP-OES 43t v, Gl 8 i J} 257. 610 nm 1§ ¥4k, {A1E
MP 437 185 F £k 257. 610 nm By R BUEE L B F £k 259. 372
nm i, B, 5256 M 403,076 1 259. 372 nm ik Mn (1
SEFTIER . E Fe WE T . Mn B F 2% 259. 372 nm £ 4E —
A HE P K Fe JiF4, Mn Jii 728 403. 076 nm 3% #| Fe Ji ¥
£ 403. 079 nm DA J¢ La Ji§ £k 403. 169 nm 19 T8, (HM 5K
Fe JF 2 nymi iz 4 5 A%, La 2 A 1R e &g 410 0 500 i A ) K
VTR TP B R R B A S AR I T, T LA T O B R
o Fe #l La (9 ik BEARAR, A 5230 £ £ 403. 076 nm Jg Mn [
Stk 2, JLHR Cr, K, Al, Mg 5 Mn #2043 5l & #%
425. 433, 766.491, 396. 152 F1 285. 213 nm F Cr, K, Al Al
Mg B 53 BT i 4R

Na £ 588. 595 Fl 589. 592 nm kb5 W5 4% 15 7 WU 1 4% .
Horp7E 588. 595 nm {9 {55 5 & 589. 592 nm ALY Wi . H
T Mo #E 588. 831 nm 4By i F 4 T3¢ Na 7 588. 595 nm il
B ARSEERE Na fIR R B2k 589. 592 nm Hyor ik, 5§
Na #H ML, J&C R Ca 1 Co 43 jil i £ Ik R B £k 393.366
340. 512 nm HAFHFHELR .

Pb I Z B FLISZH L T On kRt 2R TR
THt, Pb7E 405. 781 nm Lb i 5 28 B fem REUE . B
ZFKH Ti, V, Mn, Fe fl Co fyJ61% F 4. (H3EF Pk
T PR IE (FLIC) $ A uf LA 5E &3 b T 40, A 90 50 vk
405.781 nm J Pb My HT i k. 5 Pb AL, JTH Fe. Ni,
Zn, Cu M Cd 4% ] ¥ # 371.993, 352.454, 213.857,
324. 754 1 228. 802 nm KA PTiLLk .

2.2 FHEKIE
2.2.1 RA#ETFHRAERE

TR LEES THRAMT R, R0
R BRI T R IR TS T, B P B A7 e D ik
ES, B 1 RN Pb7E 405. 781 nm &b (1 57 {5 5, 7] L)
E i, 7F 405. 762 1 405. 814 nm AbfF 7E IR Ti 0 T #13
B fE 405.795 nm 4 Mn B K T T #, Fe #£ 405. 734 Al
405. 875 nm, V £ 405. 707 nm &b L & Co 7 405. 818 nm /b
Bip= e T F 4, FLIC AR M E 5 B 0 oc £ b
HE ORI T T R AR UEVE W . >R T O I 46 06385 o i
WadiESs, A @R AR . B IR ELESET
P T3, 925 R FLIC £ A& B ah % 1F 61 T3 .
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70 000 —— Analyte: 10 ug'g”' Pb
—— Interferent 1: 500 pg-g” Ti
i — Interferent 2: 10 ug-g” Mn
60 000 — Interferent 3: 50 pg-g”' Fe
— Interferent 4: 10 pg-g”’ V
50 000 — Interferent 5: 10 ug‘g" Co
= Blank
% 40000 =" FILT model:10 pg:g” Pb
g LT
E 30000 Al

20 000 [LR{ AR

10 000+ \ :

0 E
405.60

405.80 405.90 406.00

Wavelength/nm
B 1 XA FLIC #1E Pb 405. 781 nm B3¢ i F i
Fig. 1 Spectral interferences for Pb 405. 781 nm

405.70

corrected using FLIC

2.2.2 wBTFTHRAKE

Liy Tis Onp B 0 0 A 7E 5 W Li JE BT, 78 MP i
R T REX e R 7 A e T4, AL H & A 100
mg « L' Li Fll 500 mg « L' 1 Ti 8 4 b AE 78 R H00RE i
BEHW . IMA 1 mg « L'y KAl Na, 10 pg » L ') Fe,
Pb, Ni, Cr, Zn, Cd #1 Co, 100 pg « L™ " Mn, Al, Mg, Cu
il Ca, SR MP-AES 5 . L&A FL & 30 1] 56) CsNOs iy
JE AT T H MR AR . N 2 T RLE . B A H S
R0, Na F1K @Y [l 38 430 50 REAR T 2626 0 1506, X Al
Al Ca B9 EWIE T B T4 X H Al o0 3R 900 E W 12
s A CsNO; J&» BiA 4 Bt R B A 1006 £5%
Z I, ] CsNO; WINAA BHALIE 1 i B T30 . A L3
HAELIMA 1 g« LAY B35 CsNO, FIEH & T .
2.2.3 AR EAAKE

Tl AR o R VR VA VRO 25 1 TRORE A 2 S TR) 5 B0 TR
P BE  FbBE MR 5K ) S ) PRV BUAEAE 25 . 2 A M AE
SR IR TR AR T AR TR SR P AR A R AT A
E. BEELXMA 1T mg s LMY NARER, ®BFY
371.029 nm R NFRICEK M BTG L. 8 5 5 NHR TR AL
IERCR, fEFEREBR A T mg « LAY K #l Na, 10 pg
L 'y Fe, Pb, Ni, Cr, Zn, Cd #1 Co, 100 pg + L'y Mn,
Al, Mg, Cu f1 Ca, X MP-AES 4} 20 min %€ — K, &4
WiE 4 he IWIE 3 TATLIE Y, A BT e R 7E 4 h I AE -
— AR BT, 12 YOE SN 8 Wk B — AR (A 7E 1420. 05 18

Bl SRR AR AL IE T BR300 . T TR 5.

1204
1104 I Uncorrection

100+
90

[ Addition of 1 pg/L CsNO;

Recovery/%
W N X0
oS o o O

1 1 1 1

401

N W
[l e)
11

10 A

Mn Na Pb Ni Cr Zn K Fe Al Mg Cu Ca Co Cd
Element

2 REMFHF CNO, MREEFHKIEER
Fig. 2 Correction effect of ionization suppression

solution CsNQO; on ionization interferences

1.17

Mormalized concentration

097 —0—Mn —0—Na —&—Pb —v— Ni —0— Cr
—<+—Zn —>—K —*—Fe —— Al —¢— Mg
—%—Cu —42—Ca —v—Cd —&— Co
0.8 T T T T T T
0 40 80 120 160 200 240

Time/min
B3 LiTiO.#RBARPHMITE 4 h HIREEBER
Fig. 3 Four-hour stability plot for analytes

in Li; Tis O,, sample solution

2.3 AHEBS BTSN

TEJE & 1) MP-AES TTAE &1 F X 5 51 1E & b ol 15 WK
TME, UScRESREMNRTERGSRENAES
o 07 1) A VA VS VR VAR B A S AR i K, 43 BT T 2 I A o R DL
F 1, i RIS A MR B R AP R (4
HEAH S R =0, 999 3), FiLMKE H R (MDL) Jy 0. 03~0. 77

pgeg .

R 1 KEHKSHIITIERHR(MDL)

Table 1 Parameter of calibration curve and the method detect limit (MDL)
Flement Linear railge Coefficient MDLﬁ Flement Linear railge Coefficient MDL,
/(pg+ L7 (r /(pge g™ /Cpg s LD (r) [Cpg g™
Mn 0.30~200 0.999 7 0.09 Fe 2.58~50 0.999 8 0.77
Na 0.16~2 000 0.999 7 0. 05 Al 0. 70~200 0.999 9 0.21
Pb 1. 38~50 0.999 9 0.41 Mg 0.17~200 0.999 5 0. 05
Ni 1. 03~50 0.999 8 0. 31 Cu 1. 30~200 0.999 3 0. 39
Cr 0.52~50 0.999 9 0. 16 Ca 0.27~200 0.999 7 0.08
Zn 0. 93~50 0.999 5 0.28 Cd 0.40~50 0.999 8 0.12
K 0.10~10 000 0.999 8 0.03 Co 0.82~50 0.999 6 0. 25
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SR FRAS [0 5 52 56 BF A0 O 5 1 o B M, 3B B Lis Tis O,
R BR MR . 20 T A e AR E 6 Wk, IR B
JC Z [ S0 [ 5 38 A0 AR R bR DR 22 (RSD), 5 R 2. &
JEE B INAR B YR N 96.4% ~103% . RSD<C3.89% . £ M
JrEET LR . R % . R E AR GB/T 30836—2014 X

R2 SOWAERNEBENREE

TARAE S AT XS LA AT . & ¢ KBRS A0 T R, £E 9526
W EAR K. BRICE Zn LM'I*, FARTCE B I E 25 R 5 1 AR
BB FEEZE R (p>0.05), #E—LIUE T A J5 ¥k R4 10 i
W,

EiF M (n=6)

Table 2 Evaluation of the accuracy and precision of analytical methods (n=6)

Element Spiked Total found RSD Recovery GB/T 30836—2014 ! tost
/Cpg s LD /Cpg s L7 /% /% /Cpg s L7

Mn 100 98. 7+2. 60 2.63 98. 7 99.1+3.25 p»=0.41

Na 1 000 966+21. 2 2.19 96. 6 974436.8 »=0.33

Pb 10 9.7340.28 2. 88 97.3 9.9640.18 »=0.06

Ni 10 9.9140. 27 2.72 99.1 10.240. 33 »=0.06

Cr 10 10. 240. 34 3.33 102 10. 340. 30 »=0.30

Zn 10 9.80+0.19 1. 94 98.0 10.140. 32 p»=0.04

K 1 000 1030440. 1 3. 89 103 1 060+53.6 p»=0.15

Fe 10 10.240. 32 3.13 102 10. 440. 26 »=0.13

Al 100 101£3. 06 3.03 101 10242.52 »=0.28

Mg 100 104+2.71 2.61 104 102+3.75 »=0.16

Cu 100 98.2+2.55 2. 60 98. 2 10142.98 »=0.06

Ca 100 99.0+3. 14 3. 17 99.0 96. 6+3. 69 p»=0.13

Cd 10 10. 340. 29 2.82 103 10. 140. 24 »=0.11

Co 10 9.64+0.17 1.76 96. 4 9.81+0. 35 p»=0.15
2.4 HERSW HEmh Aot R K 9 & ifkm . HIKERBUTR Na; &8

R JHAS B %0 2k B VL IR FIHT LAY A Liy Tis O, £ il GRE i # LR Fe, Pb, Ni, Cr, Zn, Cd #l Co Ay & it ¥y /hT 10
G AL BTN, BB 6 %, WS T pgeg .

A AT B E 5 Al R AR DE A — B A

®3 LuTi:OnBmMIDWER (ng- g

', n=6)

Table 3 Analytical results of Li, Tis O,, samples (pg * g ', n=6)
Sample A Sample B Sample A Sample B
Element Element
Found Certified Found Certified Found Certified Found Certified
Mn 16.74+0.51 16. 4 39.1£1.10 38.7 Fe 7.32+0. 30 7.50 12.840.43 13.1
Na 6594+21.0 665 287410. 4 293 Al 14.3740. 46 14.1 27.1+0.73 28.0
Pb 9.224+0.35 9.43 4.11+£0. 18 4.17 Mg 38.2+1.07 39.5 21.5+0. 62 22.1
Ni 1.1340.02 1. 10 1.0840.03 2.11 Cu 11. 64+0. 41 11.9 28.340.79 29.4
Cr 6.27+0.19 6.32 4.3140. 14 4.28 Ca 20.840.73 21.2 16.0£0.51 15.7
Zn 5.13+0. 16 5.08 2.08+0.07 2.11 Cd 1.3440.03 1.33 2.09+0.05 2.12
K 4 160+165 4190 2 530490. 2 2 600 Co 4.67+0.15 4.72 2.36+0.04 2.35
T, rERR R 0.03~0.77 pg+ g ', 5 ICP-OES
3 4 it A ICP-MS HHL B A7 H R R 4 88 7 U 5 B B

KA MP-AES il 2 7 Li, Tis O P Y 14 Fh )R 205
JCR . Wk AT I £k O 455 FLIC BORBEMIIRALIE T8
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Analysis of Metal Impurity Elements in Li,Ti;O,, Through Microwave
Plasma Atomic Emission Spectroscopy

LIU Hong-wei'*, FU Liang®*

1. College of Material and Chemical Engineering, Hunan Institute of Technology, Hengyang 421002, China

2. College of Materials Science and Engineering, Chongging University, Chongqing 400045, China

3. Chongging Key Laboratory of Inorganic Special Functional Material. Yangtze Normal University, Chongqing 408100, China

Abstract The spinel Li, Ti; O,, demonstrates high operating potential, excellent cycle life, and high safety as anode material of
lithium-ion battery due to its negligible volume change, high thermal stability. The migration and deposition of metal impurities
in Li, Ti; O;, are harmful degradation effects. In particular, magnetic metal impurities will cause the self-discharge and micro
short circuit inside the battery, thereby affecting the safety performance and cycling life of the battery. A new method was
proposed to determining the metal impurities in Li, Ti; O, by microwave plasma atomic emission spectroscopy (MP-AES). The
metal impurities of Mn, Na, Pb, Ni, Cr, Zn, K, Fe, Al, Mg, Cu, Ca, Co, and Cd was determined by MP-AES via dissolving
the Li, Ti; Oy, sample in aqua regia solution by microwave digestion without further filtration. The wavelengths of Mn 403. 076
nm, Na 589.592 nm, Pb 405. 781 nm, Ni 352. 454 nm, Cr 425. 433 nm, Zn 213. 857 nm. K 766.491 nm, Fe 371. 993 nm, Al
396. 152 nm, Mg 285.213 nm, Cu 324. 754 nm, Ca 393.366 nm, Co 340.512 nm, and Cd 228. 802 nm was selected as the
analytical line. Combined with the fast linear interference correction (FLIC) technology, the spectral interference and the
background interference of all analytes was corrected. CsNO; was added as an ionization suppression solution to correct the
ionization interference caused by the easily ionized Li matrix. Y was used as the standard internal element to correct for signal
intensity instability and matrix effects. The method detection limit (MDL) was 0.03~0.77 pug + g ', the linear correlation
coefficient was all greater than 0. 999 3, the spiked recoveries were 96. 4% ~103% , and the relative standard deviations (RSDs)
were less than 3. 89%. The developed method was used to analyze the real sample and compared it with the national standard
method (GB/T 30836—2014). Statistical analysis by the #-test method showed that at the 95% confidence level, there were no
significant differences in most of the elements between the MP-AES and GB/T 30836—2014 methods, except for Zn, which
further verifies the high accuracy of the method. Compared with inductively coupled plasma optical emission spectroscopy using
argon as plasma gas, employing nitrogen as plasma gas can significantly reduce the operation cost. MP-AES has higher safety
and better stability than atomic absorption spectroscopy using combustible gas. This method is simple to operate, low cost of
analysis, high accuracy, and good precision. It provides a new method for the high-through put determination of multiple metal

impurity elements in Li, Ti; Oy;.
Keywords MP-AES; Li, Ti; Oy, ; Metal impurity elements; FLIC (Fast linear interference correction)
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