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AR R LI E AR R e AT A R R R ST X A, R T BGE  E E T IR R A
AL (ICP-OES) [m] i i Fe e i #1 L BR L Bl & it o XPAE ST . IS . (U ARS8, WO IH R L 3%
LI TYEMEE . /0T r ik IE 00 B L RS BEEAT T8 . e 52 & M MR R A AL b & 24 S0 B SR, 0. 1 g A%
i 5 mL R RN P R BN S TR R K- E M 2 Y, T g R T AR . BRI RS DL =
AEAH BB AN, H AL TS BT IR 4 30 AR ORSG » AT AT WA R T A R BURL Y 5 Ak S I ZE 1R K- BB
2 WG s THMRRE 30 R AR B R M T M 8 4. RIS M iRoE &5 28 100 mL, $#2 10 + 100 T ke, 15
2 [a) i 0 L Bk W R R T AR O T R R — AR, SRR, KR A B R TR S8 42T
fiff s T BR Y5O A ot X DU R T S AR B AR AR A s W 11 kW AR AR
. 0.8 L« min 'y 4rHrisge- 00 )y 1a) /& BE . Li610. 365 nm-#li 1] . Fe259. 940 nm-42[A] /12 mm, P178. 222
nm-Al ], P213. 618 nm-42 [a] /12 mm, {3 FBERE & 0 7 5 I Ak 250 p a0 25 1 g A DG T vk TG o A 7 TR
AE 5 IR B Bl /N 8 0] i B AN . A T Li610. 365 nm fif PR [ 3l il £ 4805 BAR (FACT) i B A0S TAE <Ak
K Ar610. 564 nm H R T, BERSGEMEMK N RERB IR % . TR s RS,
FEFGTEREL 120~9%, 8 20%~40% , B 10%0~30% ; ML 56 R R E »=>0.999 0; & &M@ #E 5
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Table 1 Chemical compound and analysis method
of lithium iron phosphate
PRl THE 62/ % VLIRS
LiCBRBk & &) 4.4+1.0 ICP-OES
GB/T 30835120 Fe(Bifk & &) 35.042.0 R TR o
PR 5 i) 20.0%1.0 A AR e 5
Li 4.3£0.3 ICP-OES
GB/T 338221%) Fe 34.042.0 o 3R A
P 19.5+1.5 v G R T A
Li 3.9~5.0 KA
YS/T 10270460 Fe 33~36 o4 R0 7 o 1
P 18~20 4 e e

s

L1 57

5110SVDV HLEHE 5 45 8 T K 56 5 (Aglient) . U4
AR WA, 1 1~1.2 kW; ZF s, 0.7~0.8
Lemin'; W FHSME, 12 L min'; SR HE,
1.0 Lemin ' 3#F-HEMS, 15 s; FAEW ], 10 s; 223 12
re min ',

VHX-600 = 4 45 & i3 85 (Keyence) .

GBG G 62001-90 4 | GSB G 62020-90 £ . GSB G 62008-
90 A HE VA W (IR AW AR H o) < 1 000 pg  mL '
SR Oy BT g, R TG0 ) s SEg KO 9Kk
1.2 A&

R . BRI 0. 100 g Ik 52 A W R Bk LR T ORS it &2
0.000 1 g, fillA2mL 7K, 5 mL @R, 7£H#MR ENER
TR E 250 C SR S M, /K wl gk 25 25 P9 BE T 25 A0 B8 0 A
BB, A M- A B BSOS . MR 2 b k-
TNAE R RS AN, RHEER. B E 100 mL
REMP, EA. A, H 10 5 100 bR B E 255 1 i
W W10 mL 2 E A I AR E 100mL AR, 24
FEAT . RIAT A 3 R A

B [ B i il 25 R A

W LiARMER I (1 000 pg » mL™) I 90Kk, B IRFEA
FRE R 100 pg « mL T E A

ik A D C 32 TG LA o A R VA VA VR« o T R o 1 % 1 3
A2 H AW I 10 mL E 5 4 100 mL & 4, %M Li
(1.00~9.00) pg » mL™", Fe(20.0~40.0) pg* mL™', P
(10. 0~30.0) pug » L " [ BEARRE . 43 T I AAH R o 19 22

Bk BRIV WL/ B R - R B
2 &ifHihe

2.1 HmiHmR

BB WERRBR B h 5 A 24 500 BB BT, X AR 4 )
R . FoK. BLRR . m WBRIEAT AR RS 0L TR 2. 5
AN RARW, BER . R SR A I R TR R il B H R A ik
B MET R AR, RREIERKR, A ICP-OES il
TE IR Y 00 500 N0 R W) A 5+ 2 W S AR E P R A . R
IH 1 3% v R o R AT A

R2 HEmERER

Table 2 Digestion conditions of sample

TH ik 125 TH fiff 1 0
12 mL Ek BOREY
9 mL HCl+1 mL H,SO, D BARNEY
12 mL Fk+1 mL H,S0, b B Y)
5 mL HCIO, TH fiff 58 42
5 mL H,SO, T i 56 4

St — A BB S AR O, B oK L T AR T AR
B A b, A VHX-600 = 484040 i 38 3 A [R) B B 14 9 fit
PEATIREE . TR IR AW 1 R . B 5 7 i A R 8 s et
RO 30 %5 WLEE . 4157 A0 L Bl B 00 JB0RE oK 52 42 T . PR AR 4L
JnoK-B HAEAE P T . R 30 LS, AR UL Rk SR T UKL
2 A RE S BT B T A R 4
2.2 HITIG&KIERE

Gy BTG LR T 4347 O i O G % o A R o
Aglient 5110SVDV X} F 4. &, M H ik & 7. 4,
Li670. 783, 610.365, 460.289 nm; Fe238.204, 234.350,
259. 940 nm; P213. 618, 177.434, 178. 222 nm, 7Ei% % 2Rk

g~
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Fig. 1(a) 20X picture of blank glass slide
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1(b) ZZkikid 20 EHAR
Fig. 1(b) 20 X picture of class two water
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BMEERBU4EEHE 2 XEE

E, BB CE . Li610. 356 nm NI R T4, Fe259. 940
nm T & F 4, P178. 222 nm Al P213. 618 nm Jgfili Jjii 74 ,
WA, WG A SR RFES . WLE AR,
1o 5 AR TR o A3 T ORI O g R — R B S, R
B F AR 25 B (6~ 8 mm) B A7 R A 5k B, 2 )
AE 5 T UL I 7 BE (=12 mm) B iR BE R ORTY O R E AR
Bk W =TT 2RI A B o M AN R e Hegk 3 h  &AF
Sy MR . JE X SEBRAE S HEAT I A . AR T A
FRF TR 4, R IRAEM R LT BRI E RSD /), &
ST Y B0 3E PR 4 TR D A AR IR SR S
Jo, AT 1.1 kW F A : 0.8 L« min "5 43#T
T 2 -0 I 7 1) / 5 BE . Li610. 365 nm-%l 5] . Fe259. 940 nm-
219 /12 mm, P178. 222 nm-#lin] . MIXIRZ5 R F . HARIEE
UF o 8 o UG iR JRE R R BT B R 3 R W T 3R AR BE A X HR /N 1Y
IS S BN E R RPN TR EE G R

1(d) =3 NBSHEH
ik 30 S KR Table 3 Parameters of ICP-OES
Fig. 1(d) 30 X picture of digestion solution after twice smoke P T EE F AL B . T s g
WS ew S(Loemin-y LI /mm
SRR 1.2 kW, FAMHE 0.7 L« min ', Him, 1 fili i /
BT B IE) T o X 92 BRRE B AT 0. MRE B L 0 2 12 0.7 ’
Li670.783 nm W {1 &% — 4~ Ar670.803 nm [ ¥ 5 U, 3 Q| 13
Li610. 365 nm 7€ Ar610. 564 nm Ab75 — 475 B ik, 1id60. 289 i i 1/‘)
nm fE 460.368 nm 4 A — & & 1&; P213.687 nm F 6 3
P177. 434 nm % 5H Fe T4, B, 34518, 4T 7 9 00 i 12
4% 1i610. 365 nm, Fe259. 940 nm, P178.222 nm, % T A 8 15
HERIKEHERETEEM B4, P r] g $E P213. 618 nm, 9 il 1o /
2.3 WBESHKK o 0.8 )
PR BR B P B L Bk L Bl R T 1R B TR R IR 1 ' 12
W B AR 22 A B S HBSTER . B S B T L &
F4 AAEXBESHTHHERNEER
Table 4 Test results of sample under the different parameters
Ry k 0,
TN owE amEw RO R o e
Fe259. 940 0.997 1 34.312; 34.757; 34.752; 34.675; 34.837; 34.855; 34.597 34. 68 0.538
. Li610. 365 0.999 3 4.5245 4.605; 4.6235 4.628; 4.602; 4.569; 4. 600 4.593 0.782
P178. 222 0.998 0 19. 2475 19.360; 19.663; 19.489; 19.583; 19.581; 19.524 19.49 0.737
P213.618 0.998 0 19.125;5 19.4715 19.629; 19.517; 19.482; 19.420; 19. 437 19. 44 0. 797
Fe259. 940 0.998 9 34.172; 34.409; 34.438; 34.685; 34.884; 34.926; 35.036 34. 65 0.922
5 1Li610. 365 0.998 8 5.119; 5.116; 5.099; 5.122; 5.137 5.181; 5.151 5.132 0.528
P178. 222 2R R B r<<0. 995 0
P213.618 0.998 5 19.073;5 19.107; 19.061; 19.078; 19.238; 19.078; 19. 248 19.12 0. 424
Fe259. 940 0.998 6 35.219; 35.272; 35.388; 35.304; 35.080; 35.513; 35.753 35. 36 0.619
5 1i610. 365 0.998 1 5.279; 5.290; 5.345; 5.315; 5.272; 5.380; 5.363 5.321 0. 804
P178. 222 2R R B r<<0. 995 0
P213.618 0.998 6 19. 7145 19.698; 19.775; 19.739; 19.633; 19.945; 19. 831 19.76 0.514
Fe259. 940 0.999 4 35.321; 35.193; 34.731; 34.734; 34.670; 34.453; 34. 362 34.78 1.02
A 1Li610. 365 0.999 0 5.433; 5.416; 5.381; 5.369; 5.390; 5.300; 5. 254 5.362 1. 20
P178. 222 2R R B r<<0. 995 0
P213. 618 0.999 8 19.735; 19.583; 19.204; 19.355; 19.193; 19.198; 19. 107 19. 34 1.21
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Fe259. 940 0. 998 0 34.759; 34.853; 34.794; 34.693; 34. 6765 34.272; 34.678 34.68 0.547
. Li610. 365 0.999 1 4. 8405 4.843; 4.786; 4.795; 4. 758; 4. 717; 4. 759 4.785 0.954
7 P178. 222 0.998 2 19.102; 19.209; 19.144; 19.150; 19.013; 18. 080 4; 19. 951 19. 20 1.87
P213. 618 0.998 3 19. 1255 19.471; 19.629; 19.517; 19.482; 19.420; 19. 437 19. 44 0. 797
Fe259. 940 0.998 1 34.193; 34.299; 34.315; 34.349; 34.225; 34.158; 34. 124 34.24 0. 249
6 Li610. 365 2R R B r<<0. 995 0
P178. 222 £8Pk BB r<<0. 995 0
P213. 618 0. 998 4 18.562; 18.591; 18.515; 18.325; 18.313; 18.101; 18. 244 18.38 0. 993
Fe259. 940 0.998 8 34.121; 34.561; 34.401; 34.432; 34.167; 34.054; 33. 287 34. 22 0.743
; Li610. 365 M R r<<0. 995 0
P178. 222 £8Pk BB r<<0. 995 0
P213. 618 0.998 5 18.889; 19.066; 19.825; 18.933; 18.782; 18. 6265 18. 457 18. 80 1.08
Fe259. 940 0.999 3 34.370; 34.391; 34.579; 34.341; 34.359; 34.403; 34. 262 34. 39 0. 281
Li610. 365 2R 1 BB r<<0.995 0
8 P178. 222 2Rk BB r<<0. 995 0
P213. 618 0.999 5 19.042; 19.031; 19. 168; 18.935; 19.004; 18.948; 19. 028 19. 02 0.403
Fe259. 940 0.998 4 35.940; 35.969; 36.111; 36. 254; 36.327; 36.226; 36. 179 36. 14 0. 402
Li610. 365 0.999 8 4.573; 4.600; 4.617; 4.610; 4. 624; 4. 631; 4. 632 4. 612 0. 451
! P178. 222 0.999 3 20.502; 20.409; 20. 8803 20. 970; 20. 675; 20. 761; 20. 888 20. 73 1.01
P213. 618 0.999 1 20. 185; 20. 3365 20.393; 20.403; 20. 464; 20.450; 20. 417 20. 38 0. 465
Fe259. 940 0.999 6 35.621; 35.876; 35.935; 36.340; 36.500; 36.592; 36. 829 36. 24 1.21
Li610. 365 0.999 3 4.910; 4. 969; 5.003; 5.054; 5.076; 5.083; 5. 146 5.034 1.57
? P178. 222 2Rk R r<<0.995 0
P213. 618 0.999 6 19.829; 19.922; 20. 043; 20.294; 20.150; 20. 2613 20. 444 20. 14 1.08
Fe259. 940 0.999 4 35.154; 35.295; 35.304; 35.346; 35.616; 35.473; 35.793 35.43 0.616
Li610. 365 0.999 5 4. 889; 4.840; 4.855; 4.861; 4. 8963 4. 8565 4. 922 4. 874 0.594
H P178. 222 etk R r<<0.995 0
P213. 618 0.999 4 19.600; 19.575; 19.725; 19.653; 19.951; 19.782; 19. 859 19. 74 0. 701
Fe259. 940 0.999 0 34.898; 34.874; 35.134; 35.263; 35.362; 35.532; 35.770 35. 26 0. 926
Li610. 365 0.999 2 4.838; 4.792; 4.813; 4.848; 4. 852; 4. 873; 4. 882 4. 843 0. 656
12 P178. 222 1k R ¥ r<<0.995 0
P213. 618 0.999 3 19.568; 19.522; 19.558; 19.495; 19.776; 19. 859; 19. 998 19. 68 0. 992
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ICP-OES 7 % WL T ¥t H 2 A W3/ ek T8, i/ &
ST YRR/ BT P03 2l TR Ml £ AR vV VAR
Z IRV R AR T BK T o IR LA A I A AR L R R R 22
TR O/ F R T EERARES T MR, &
[N R
2.4.1  EA R

8 I ) A o — 7 Ak 3 09 3R 25 P W R 9 TR A A
T T 2R ME A VAT BR A B/ B R TR X S ml m AR E
B, gikas 3, B R ARG A 30 & J o AT E R O
HEE DO E L, FMENRE LT R AEREES.
IR 3t PR AR5 2 b Jr 2 S AR HE VAR, AT DL AR R iR
HE ST BV R RN, B TR E W B AT A R .
2.4.2 FACT kil H®xT#Hh

Li610. 359 nm ¥ & A Ar610.564 nm I35 5= T, Pis
WA 22 205 pm, KT 4 pm. BRGS0 BE W] LUK H
Ay, fHIE, Ar610.564 nm & 5 % Li610. 359 nm f{) 558 J&F 0%

TR B4 R, S e e R R, BRI K 2

451 Li610.365 nm

. 40 —=— Perchloric acid 7
S 35 ::;‘ztx.";;ﬁ;‘“"/
>

L}

g 20

g i

10 ki
s =‘_}

0+ —T—— T T
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B 2(a) =#MAFIZTH Li610. 365 nm 9 1E
Fig. 2(a) Solvent blank intensity peak of Li610. 365 nm
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2600
5 500
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200 4__.
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259.90 259.92 259.94 259.96 259.98
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B 2(b) Z=#EFIZE Fe259. 940 nm 39 # g

Fig. 2(b)

Solvent blank intensity peak of Fe259. 940 nm
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2007 pi7s2220m 7 4 pm LA F AL % H IEC 8 MSF i BR300, i
IR VN FACT B Ar610. 564 nm Xt Li610. 359 nm [ 5 T4, 5
\3140 WA TR AR, R TTEL . {08 i S 8oy A
2 120 —=— Perchloric aci < L ) S YN - VA
E =i e o A EACT X2k 2808 5 50 A 2 35 00 A+ R ofi i
01 P RRMERBH 0.999 8 TR 0.999 9, M X A ok fw 2= H
60 -
178.19 |7§/21 1‘ 17}&:'}23 T 17825 0. 451 PR 0. 353,
exdelio “ 2.5 ROEMS. BEE. MREKERAR IRRiLE
2(c =R F =8 P178. 222 i NS NN . N .
 E2{e) EMEAZAP nm 1354 TEHE T SV H 7 R o 57 B e e, 7 7 i o
Fig. 2(c) Solvent blank intensity peak of P178. 222 nm VETG TR 4 MR 2R b 00 7R . KISE R H% RSD 5 % 5.
280 . — .
260 %W% ~ JindR R R G 45 R A F 3 6.
= - — =] P > N
g oo] mam T HE N AR BT A S IRR 5. X4 5 N
g B 0023 Bl B Bk AR &+ 45 )T AT 4 R HE . D 25 S 51
g —a— High purity water ST S e - 2 N IS S
im =B TR To W (BT (A3 R BN BT AR
201 e FHF o Hr o COUREAS 5207 22 8O KT AL B AR o 25 5
21358721360 213,62 213 6421366 TP, WEBEM R (p )R T 0.05, FKHIH AN E 55
avelength/nm
e o 8] JG B ) 25 5 .
B 2(d) SEAAZE P213. 618 nm 1 RELH L2
Fig. 2(d) Solvent blank intensity peak of P213. 618 nm
x5 RAEHEZMBEE
Table 5 Calibration curve & RSD of method
. S BT IR AN K i BR . o RSD/ %
o % ) b S 1y I F 8K '
/nm /(pg s mL™D) /(pg e mL™1) (n="7)
Li 610. 365 1. 00~9. 00 0. 030 y=70 044. 439 814 63x+76.311 870 12 0.999 9 0. 353
Fe 259. 940 20. 0~40. 0 0. 020 y=1 688.372 295 67x+531. 221 606 48 0.999 4 0.616
b 178. 222 10, 0—30.0 0.022 y=130. 354 403 64x+6.919 913 16 0.999 3 1.01
213.618 ' ’ 0.038 y=219. 349 601 58x+19. 366 530 67 0.999 4 0.701
Fo mizEKELEER
Table 6 Test result of standard recovery rate
LR 3 MG 4/ nm BN Jndr i/ pg(Wth) W5/ % IR/ %
100(1. 00%) 5. 684 107
Li 610. 365 1.612 300(3. 00%) 7.815 107
500(5. 00 %) 9.953 107
100(1. 00 %) 36. 36 93.6
Fe 259. 940 35.43 300(3. 00%) 38.16 91. 2
500(5. 00%) 40. 62 104
100(1. 00%) 20. 61 112
178. 222 19. 49 300(3. 00%) 22.58 103
P 500(5. 00%) 24. 96 109
100(1. 00 %) 20. 74 101
213.618 19. 74 300(3. 00%) 23. 04 110
500(5. 00%) 24.70 99.3
7T EWENBEALEINRELER
Table 7 Test result of IRR
3BT /nm W AE A/ % WM/ % F it WM P
A: 4.56; 4.62; 4.55; 4.58 A: 4.58
Li 610. 365 0.197 0. 442
B: 4.55; 4.71; 4.58; 4. 60 B: 4.61
A: 34.72; 34.78; 34.46; 34.88 A:34.71
Fe 259. 940 0. 307 0. 067

B: 34.87; 35.61; 35.03; 35.05 B: 35. 14
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A: 19.65;5 19.905 19.59; 19.75 A: 19.72
P 178. 222 0. 310 0. 636
B: 19.51; 20.05; 19.68; 19.93 B: 19.79
A: 19.435 19.415 19.175 19. 34 A: 19. 34
P 213.618 0.763 0.188
B: 19.40; 19.39; 19.49; 19.48 B. 19. 44
H B B R R R I S A B R . FE R R R A
3 % 8 A, TR THL. B BEOCE SRR E . B RS

DN, g s 000 ] 300 O R AR Y O ) B - e

BRARERAE b AR L Bk PR R RMERR I E N T DR RO B S T R A AT ol B TR T AN (L

W IE AR AR AP REIE M AT A S SIA RS AR U A T LU T B ER R A AL b A BT R i E R
JrEAR R, R MR E A A B IS R TR I, TS N — B B R E A
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Determination of Lithium, Iron and Phosphorus in Carbon Composite
Lithium Iron Phosphate by Perchloric Acid Digestion-Inductively
Coupled Plasma Optical Emission Spectrometry
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1. Luoyang Ship Material Research Institute, LLuoyang 471023, China
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Abstract Lithium iron phosphate is one of the main industrial raw materials for the lithium-ion polymer battery industry.
Compared with traditional raw material lithium cobalt oxides, lithium iron phosphate has significant advantages in specific
energy, battery life, cost and environmental compatibility. Lithium iron phosphate, which is carbon composite cathode material
for lithium-ion batteries, is selected as the research object. The content of lithium, iron and phosphorus was determined
simultaneously by inductively coupled plasma optical emission spectrometry (ICP-OES). Sample digestion, analytical
wavelength, parameters of instrument, solvent effect, background interference for analytical wavelength, accuracy and precision
of the method had been discussed. Carbon composite lithium iron phosphate contains about 5% carbon. 0.100 g Sample was
digested with 5 mL perchloric acid, heated the digestion solution to clarify visual, and continued heated the solution to smoke and
repeated the operation twice as the sample could be digested completely. The sample digestion was checked by the three-
dimensional (3D) video microscope. The visual clarify solution was checked by 30 magnification times. It showed that there still
had an insoluble matter in the solution. After repeated the operation of added water and continue heated to smoke twice, checked
digestion solution by 30 magnification times again; it showed that the sample had been digested completely. The digestion
solution was transferred to a 100 mL volumetric flask, diluted to volume and mixed. The analytical solution was prepared as
followed: diluted the constant volume digestion solution with the rate of 10 : 100 to a 100 mL volumetric flask. The best
parameters of ICP-OES for this method were: High-frequency power, 1.1 kW. Atomizer flow: 0.8 L » min '. Analytical
wavelength, observe direction & observe height: Li610.365 nm-axial, Fe259. 940 nm-radial/12 mm, P178. 222 nm-axial,
P213. 618 nm-radial/12mm. Calibration solutions were prepared according to matrix matching with regent blank prepared with
sample simultaneously, the preparation of calibration solution can minimize the solvent effect. For Li 610.365 nm, fast,
automated curve-fitting (FACT) was used to eliminate background interference of Ar 610.564 nm. Under the optimal
conditions, the analytical ranges were: Li, 1% ~9%., Fe, 20% ~40% ., P, 10% ~30%. The coefficient of the calibration
curve, r>>0. 999 0. The relative standard deviation (RSD, n=7) was 0. 35 % ~1. 01 %. The standard recovery rate was 91. 2%
~112%. Internal round robins (IRR) result was evaluated by F, z-test, the result showed no obvious difference between the

test results of two operators. The method has promotional value for application in the lithium-ion polymer battery industry.

Keywords Lithium iron phosphate; Inductively coupled plasma optical emission spectrometry (ICP-OES); Perchloric acid;

Lithium lon battery; Cathode material
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