% 46 K& F 3 M AHIFERFFROE AT R Vol.46  No.3
2018 45 A Journal of Henan Normal University (Natural Science Edition) May 2018

XEHS:1000—2367(2018)03—0054—06 DOI1:10.16366/j.cnki.1000—2367.2018.03.009

Dol 5 2 IR 2 - P e o1 T2 2%l ik S 1

FEE, Rigk, frez
T RS K2 2 T3 B 5 T 20 B BG4 e Bl T 56 00 T 47 & 453007)

T O LT B T ek JEURE A IR A R T ) L Sk U BRI 1 TE SR A% 4B A B AL T
X B AT S (XRD) (3 % S 16 L 85 (SEMD L3 B HL 88 CTEMD (IR SRR & B 38 1 CVSMD T RE S50 45 1 i @ shil &2
A3 AT JT A4 4 A R 1 5 Y T B R A L 2 R SR L RS 2 1 A R B AR R S5 L M B AR Al A R
A BT AE , BEFE La JCEE B 2% 10 3G 0, B 5D % 06 0 0 A 088 52 0 S50 4 R B, B R S BOGR WN. BB it o =
0.0258 , I A8 S RUAE B AR ARG T HUS B K fH — 1.18 X 10 m/ A, 3 A F T A A0 8k 2 19 RE SO 45 b4 8HE 35 35 fib =%
SRR FAT 25 7 T L.

SRR« 1 IR 8 PRt 5 U - R ) R R R 5 Bk SRR 5 W 4 bR

FESES:TQI74.75 MHEFRERD A

B Y LA T R R R R T I A K K e SRR R R ok — A 2
TF BRUB R SR AT 75 bR A Bl A el P A 2 AR R TR TR R Sl 1 AT Rk B
JSLA AN R 2 A0 0 [ 0. — T T A% 6 A JELHE A e Ak PR bt ) 22 e R T R BB S G, 5) — O LR TH Y
A R e R S TIN SN QN I N = ST o O Rl IS W D O e el R LY O N R R o S A < |
Ao FE PN 212 2556 I TH R b VR Ak B A 52 4 v T SR 4 A B AR A L VBRAE S AR T B A T vk
AT IR 6 RS F T R AT R R AL TR R A B A — R O B DT 43 B Hh R R A JE BT % o i Ab
PRV RS, A& s MUACAIE B 1 ) P BIF B 77 2 1 A RE 1 5 kL 55 AR b R K A B g o FL A T B B AR A 1R &
G385 R PR AT 4 B R Al A B L 3% 05 VR BUAS = L ) 2 RS BB R s KR A TR R R 2 fEL S v 1 LA
68 R b v R 2L G B RE A3 B L 32 Uk TR B A B sk AR v B e A R RT Y IREL RL L, T T T R — SR B AN 1Y A
8 A R BE A T Tk

Tk B0 4 A4k DR 7 S B M A SR R A T 2 5 T LG AR K Vs 7R N R AN AL ST AR R R B T AR 2RI
B S T R T T 3 FH R A 4 WG B 48 BERHIN Th, Dy, Fe, 55, B8 45 10 22 5 &l 40 IR TR A A% (i
B LA R I VR R R A5 L o T G A 1) S M L R I 2 R R S A R R Rz F L
R 2 30 3 b2 JEURE K B Bk SR A R A T E A B L R T R R R R A VB
Ja B R I TH A B f b 28 o R ) VA L o0 B A R S T TR G W L T A AR A AN (R AR T X
JE TH R 7 HEL S 1) 4 3 SR T EL RIS T R Ak SRR Y A AR

B RS (CoFe, O BAT AR S A S5, — 2278 i (Co’ " Fell D[ Coi’, Fell, 1O, . b 5 85 DU i f& A
fLfl Co™ B A SRR I 48 B 1, Cu®t . Zn® " NPT N 25, B 22 5 7 4l 4 S MR &5 4 O
DU T A B\ T A B Co® B3 Fe' ™ 8, S 30E DU T A B\ TRA b A 85 1 HE 2 170 0T 5 45 44 R0 Pk BB 1 slA
RS2 m Y B (La) TERAE N —Fi G £ R, AR KRB TR MmE MR E N E M. 2 La® &
TFHAR Fe' " B 7 iE A RS 7 AR S A S s v, 23 7= AR B - (B (0 A EAVE FH B 3d-4 f B 1) A E-RE G o MU Bl AR
Ak A SR AR B i R R g e

i B HEE:2017-12-06;1& B H #7:2018-04-08.

EETH:EHEHAR R4 (51174083) ;10 F 4 & 5 1 5 AORHIE I B NI B 58 31 %1 (18B150008).

EEE N (BEESE) SEEE (1959 —), 5 g i M N T 5 U908 K 2% 0% 19 26 5 0, 32 288 DA 3 1 0K 032 55 40 1 3 Rk
WF5% . E-mail : hnsdxgx@163.com.



% 34 FEEEF DK E R AR BT B & AR AR S AR 55

AR 302 0RE B H A8 1 v b S AR R A O3 B A Lk BRI G R R T BTRA ELRREAT n T #5
B AUV B B A R, T R RSB SR N ASURE B BRI TH A 3 22 B A 6L L T EL BE A8 R (IR 3R T
15 e X it Kk A 14 T P AR SRV A4 P A R — 2 B RS O B T L g v 1t S [ o 5 D ) i i R LA
SR T Bk AR A S S g R

1 SEIgiTFE

1.1 S FKF

7-5000 B 5z 66 (B A8 B 37/ 7)) ; Brukeraxs B X 5126 17 911X (#2 E Bruker 2 &) ; SU-
PRA-40 B137; % B 471 41 L 85 (1R 2% 7] 20 71D ; TDM-30 #E S0 45 M BE H s I AL (B B 4E K 2%) 5 Versa Lab
HIR SRR 5 8% R (32 B Quantum Design 23 &) ; WSIB-03 BU4E 1R &% S #E #8 (G 5 B B2 U8 A BR A
A s XMTD-8222 T 48 (RS 22 B0 1 45 A3 PR A WD A R A6 L il R 42k L Al R 300 L A A TR L 27K LI TR L AU
IK IR 53 B 4.
1.2 H&REK

S AR 30 0 5 TH AR s b T 0 B S R 8 T ML O 43 L o 43 B B TE AR B RE T S A SRR Y
3.5 mol/ LI A R 75 W01 At Z /K 19 ¥ W pH B, i Co™ " Ml Fe' ' s 43 ULTE , 33 8 L kA5 81 [ (R il e . A
i 2 3 YA P UK A A B A DO UE 0 o A8 FH D W AE 43 D' 06 B T H i S U Co™ " JFe®™ By & dik o b 38 I A il iR
Bl T R Ak ROV T 9 S P B B T AR 0 (Co? )t n(Fe® )t n(La® ) =1: (2—x) * x (£=0,0.025,
0.050,0.100) M AFF G R B FH 1 i 5 - 78 60 °C T FHZ/K TR pH = 6.5, 80 CHEE/KIAE T AW +F
59T LT PG & o B P e B B HE T AR v 110 °C TR A5 3 1 B e R T BE R HE AT B & R SRR S 0 R T B
AR AT S L 15 21 2 A AR . A 2R AR T CF 3Rk, La®™ B #8485t 0 0.025.0.050.,0.100 AYAE 5 43
# R A CF-Lal .CF-La2 ,CF-La3.
1.3 MK

X AT 5 (XRD) 37 & 565 49 4 fL B8 (SEMD R 555 #L8 CTEMD 43 A7 R i 1) b 14 45 4 0 RO0 T 512
B8 SRR 826 ~10 %6 (Bt it 43 B0 1Y 2R SR BER W (PVA) IR G 5], 1E K J1 28 10 MPa F B[
FERER (A 10 mm X KB 20 mm) B R TE 1 450 “CHESE 6 h 15 3 G4 24 10 4 4 U4 B 1 . I I R JH 1 30
fefr 2 1 3 00 S SR iR 2l A S R 0 2 1) 1 0 4 P R RN G M e

2 HR5UE

2.1 AEEEWN L' BEHEEKEENREMAER

B1 AR S La® 8258 2R XRD EE , B HRa] LUE S 68 FE 5 AT 31635 5 CoFe, O,
PRUER i (JCPDS No.22-1086) A XS 1, 6 B A W FE i =20 CoFe, O, o 17 5 U 1t e 78 450, 108 WA (i 45
BEUF. A CF-Lal .CF-La2 CF-La3 # it Hid A7 7 — 2L 2= i e (L) 7 R0R) - i 42 B X I LaFeO, (JCPDS
No.37-1493) fin A , 2% J5t W6 1) Ve 5iR it 5 5 4% 1) 188 KT 3% 34 18 . 2% S AH 1) 7= AR T BB R La® " B T 19 2 4%
B T A B B AT B L 1 La® B R A LB T kA Scherrer ARV
FE 5 B f ok RSF L3R 1.Scherrer A2 dxen = kA/(Bcos ), 2 A AR FE X BF LR ATH AU K AE M 0.154 06 nm;
ke A ER HBC BUE 0950 AT HIAS F R s 8 e 58 N TR 1 AT LU HRE S S 35 ok R B La™ & i
THE MR, X H T La® B P Fe' " B 1, La®" B TR R 8 75 4 2k AR & 2 7 s g st

Kl 2 2R B AR AP EUR CF Ml 2 =0.025 & La 28 LB 1K CF-Lal 19 SEM [&, NEth AT DLE
B2 J5 B TR SIS e G S R 2 F IURL ZH R B S B R IR S5 S B TR
JRT RE 2 R R #E 1 & AE e &35 3k A ey, i SO v A ML R e o i H 4 DR e AR R R TR] PR R R B
B 1Y JZ AR G5 A8 PT R TR O B R  URE 2 ] 14T SR Y

B 3 JEFE A CF A CF-Lal i TEM Bl 3Ca, o) Hal KLt —25 7 H 18 2% 5 J5 A 5 35902 JC 10 U)ok
M, HAE — AR - 3(b) CF FEfh T M ZEF] CoFe, O, B (311) F1(400) & 10 77 55 2. & 3(d) & CF-



56 R IF K AR CA R D 2018 #

Lal BES 5409535 50 45 I/ (HRTEM) . B H1 0.25 nm.0.29 nm B9 5548 2% 8043 B %) ) % CoFe, O, 1Y
(311),(220) {4 T 18] B, 17 0.27 nm AY 4 A% 28U X R % LaFeO, (002) 1 & i ] BE S X 5 XRD Y R AF 45
3

| Lalel),

Y

. CF-Lal
*AﬂL‘d\ “w-—-ﬁ— L' ottt

2070 )

R (aou)

B R P, CP-Lale CP-La2y CP-Lad Y XRD B

B2 CF(a) B CF-Lal (b) ISP

22 La't S EXHMEER M

P 4 JZAE 1450 “CHRBE 6 b Jm B Al Y TG 9 (0] 4 PR, ATET v al LA H R 9 000 R A o 2 (L M. R BE 3
La JCZR & B (0 3500 5208055 1 fa , BB DL 3% 1K AT B2 M. 9 R/NS A LA B A L (9 BH B 5 2 1] 4 A
AR R, S La® B T HUR NI R B A B Fe' ', 80 B A EAFE4r Co't B B B B UM iA A 7,
HE T IR AT BRI B REAE R A TR M, BRI, 5 SRR EE ™ A AR vl 45 JGRF: ol ) 46 0 0 1 58 88
REAR i e 22 IR i AT B0 O R
23 La't EEXHBMEEN N

K5 2AE 1450 “C R MBhe il 15 A A [0 & 51 La 48 2 5 Bk S0 PR il i) BE B0h 48 ith 22 P81 ol T&T AT 80 st 1
e I 9 Sl Bl R SR TR B R B A R A B B L 57 5 1 80 0 B0 47 3% BOZ o/, N ) 5 i La $8%
it B A A 14 e R A A48 2R K (A ) WL 1L PR O A ST 7 R it A AR B i R SR MR P NGRS Bz B i Co® ' Al



% 3 R E L F R FAE B TRl B &5 Je A 2k RUR 57

Fe' P4 B 10 GOREECN G T L’ B FBUR Fe ™ 05 VTP B £ FLOIAT AR K 0 LE REBH 46, 7 LA 765
Sorie B PR a5 B A R 2 R TN,

ol i

PEa CF Y TEM B GO MfTarEE (h), CF-Lad (8 TEM B8] () A0 HRTEM P& (a)

F1 ERAOFHRRE dow, BMBLEEM, SXEERERY 1. LTS d1/dH .

B R /nm WHREASREE/ (emu » g7 1) BRKBEBMA AL/ X100 RAESH/10 " m- A
CF 27.08 78.96 —180.7 —1.18
CF-Lal 28.37 73.04 —130.6 —1.18
CF-La2 30.22 72.87 —100.7 —0.74
CF-La3 35.05 69.20 —99.3 —0.70
2p0A M

6 SEFES PN AR R (A /dHD) BHZR, N FEOT LU iR R . dB/de=dA/dH = NE

S0 F ) BCHLRR 1 WA BURREE A ARSRAR AR B 4 R B MR WAL SR L N W8 RN TR R
M4 S, K ARG 45 m S R NI 6 PRl DL B La 358 4% 5 (0 18 AR & i) i A8 5 4t e 3
H U/ 14 e A R SO A S R A A 1) R R AL/ K PR R I AR SRR A R R L AL
555705 R A R R 2 R S A DDA ST B A S B 4B 2 i I R A i Ok o A R A R A5 )
SRS BT LAY La M98 2% 5 i 0.025 28 0.050 B dA/dH 2RI/, B G La 48 2% & 09 38 JF WA
KBRS X AT RE S La FF A% B9 R EE A 5C. i T La 9IS KB 28 AL dA /dH o TE B Y
e R La® B i J2 0.025 B, A i 19 B3 R N 8 5 500) 0 W 17 58 BE AE 20 KA/ m A2 47 WG
R RE AN E A 2l 4 Ak A E B B 3R A L 3T H A Kakade S GP I Dascalu G i # + B T 220155 h i 08
A B S AR A o 3K A5 320 b0 A A% SR 85 RN PIA T 4 14 157 FH 7 1 A AR K F) T

, H dB/do



58

TR F RO RAF ) 2018 4

3

== (F-Lal

= LF-La2

SO

s 10 of

[{emu s g ')

]

R
=t (F-Lal
= CF-LaZ b=
== (-] B o160

120

TR

qf ===

L L 1 1 1 I L L L SO = L L L L L L i M 1 i

-1 00 ~Hil) =200 200 KN I 000 —ali —300 =100 L A00 Bl

WS EE /(KA = m ') TSR EE /(KA s ")

B4 FR& P, OF-Lal. CF-La2e CF-Lad [RREHT R P BE5 FE O, Lal, L2y Lad (R ol 428 il £ Pl

% i

-

VLR IH Y £ 85  H it O B

b FF AR Ry BEIR T L i A i A
B S A EL A B I T O 1 R A
AivE, L’ B FHURM Fe'" B+
HEASTE TR & A di kg T, 1 R
SR B S 24 R R ST K W
25 1) 5 08 B A L £ A Ak AR AR
%) T e R0 G A A 1 T A AR Ak
IR La 8 4% 508 WA 48 = 4l
RN R R R o (B
La B A2 8 1E « =0.025 B, 44
R AR S B e K N AR S BUTE 1Y
il 7k P8 0 1K 20 G 2k IR, i
TE RGBS 4 A ORE A 1 7 T A
B

=AY

m

(1"

R

NS

e

—0— CF
=& (F-Lal
—7— CF-La2
00— (CF-La3

[# 6

HEH 200

B4 400 aln

A A /(KA = m )

B OFy CF-Lal. CF-La2,

UF-Lad [ S5 Sl e 1]

2 X% X #

(1] 4, Ak . Fl 5l 3 4 I i i 2L A S 2800 1) 49 487 9k [ 0. T g Ol 3 27 2 4l C SRR 1D 5 2016 ,44.(6) : 53-56.

[2] Wei],Zhao S.Ji L,et al.Reuse of Ni-Co-Mn oxides from spent Li-ion batteries to prepare bifunctional air electrodes[]J].Resources,Con-
servation and Recycling,2018,129:135-142.

[3] Winslow K M,Laux S J, Townsend T G.A review on the growing concern and potential management strategies of waste lithium-ion bat-
teries[ ] ].Resources, Conservation and Recycling,2018,129:263-277.

[4] Huang Y,Han G,Liu J,et al. A stepwise recovery of metals from hybrid cathodes of spent Li-ion batteries with leaching-flotation-precipi-
tation process[ ] ].Journal of Power Sources,2016,325:555-564.

[5]  Georgi-Maschler T, Friedrich B, Weyhe R, et al. Development of a recycling process for Li-ion batteries[ ] ].Journal of Power Sources,
2012,207.173-182.

(6] JEHaZY oL, [ Py S0 TH o it i (ol i b 28 SR BF 5 LD ] €07k, 2007, 23(4) £ 50-52.

(7] RS, TH XU 45 02 IH B 1 r it o 5 b 0 R 5 B A 2R R SR [T AL T3k Ji€ . 2016, 35(12) : 4026-4032.

[8] Sharma R.Bansal S,Singhal S.Augmenting the catalytic activity of CoFe; Oy by substituting rare earth cations into the spinel structure

9]

[J].Rsc Advances,2016,6:71676-71691.

Mohaideen K K, Joy P A.Studies on the effect of sintering conditions on the magnetostriction characteristics of cobalt ferrite derived from



% 3 4 FEEEF DK E R AR BT B & AR AR S AR 59

nanocrystalline powders[ J].Journal of the European Ceramic Society,2014,34(3) ;677-686.

[10] Nlebedim I C,Ranvah N, Williams P I,et al. Effect of heat treatment on the magnetic and magnetoelastic properties of cobalt ferrite[ J].
Journal of Magnetism and Magnetic Materials,2010,322(14) :1929-1933.

[11] Xi G.Lu W,Zhao T.Magnetic and magnetostrictive properties of RE-doped Cu-Co ferrite fabricated from spent lithium-ion batteries[ J].
Journal of Magnetism and Magnetic Materials,2017,424:130-136.

[12] Xi G.Xi Y.Effects on magnetic properties of different metal ions substitution cobalt ferrites synthesis by sol-gel auto-combustion route u-
sing used batteries[ J].Materials Letters,2016,164 :444-448.

[13] Zhao L,Yang H,Yu L,et al. Magnetic properties of CoFe; O, ferrite doped with rare earth ion[ J].Materials Letters,2006.60(1) :1-6.

[14] Sekhar B C.Rao G S N,Caltun O F.et al. Magnetic and magnetostrictive properties of Cu substituted Co-ferrites[ J].Journal Of Magnet-
ism and Magnetic Materials,2016,398:59-63.

[15] Bhame S D,Joy P A.Enhanced strain sensitivity in magnetostrictive spinel ferrite Co;—, Zn, Fe; O[] ].Journal of Magnetism and Magnet-
ic Materials,2018,447.150-154.

[16] Mathe V L,Sheikh A D.Magnetostrictive properties of nanocrystalline Co-Ni ferrites[ J ].Physica B,2010,405(17) :3594-3598.

[17] Zhao L,Yang H,Yu L.et al.Study on magnetic properties of nanocrystalline La-,Nd-,or Gd-substituted Ni-Mn ferrite at low tempera-
tures[ J].Journal of Magnetism and Magnetic Materials,2006,305(1):91-94.

[18] Bulai G,Diamandescu L,Dumitru I,et al. Effect of rare earth substitution in cobalt ferrite bulk materials[J].Journal of Magnetism and
Magnetic Materials,2015,390:123-131.

[19] Dascalu G,Popescu T,Feder M, et al.Structural, electric and magnetic properties of CoFe; s RE(.> O, (RE=Dy,Gd,La) bulk materials[]J].
Journal of Magnetism and Magnetic Materials,2013,333:69-74.

[20] Morales L. A,Sierra-Gallego G.Barrero C A,et al.Relative recoilless F-factors in REFeO3; (RE=rare-earth La,Pr,Nd and Sm) orthofer-
rites synthesized by self-combustion method[ J].Materials Science and Engineering B,2016,211:94-100.

[21] Anantharamaiah P N,Joy P A.Enhancing the strain sensitivity of CoFe; ), at low magnetic fields without affecting the magnetostriction
coefficient by substitution of small amounts of Mg for Fe[ J ].Physical Chemistry Chemical Physics,2016,18(15):10516-10527.

[22] Mohaideen K K,Joy P A.High magnetostriction parameters for low-temperature sintered cobalt ferrite obtained by two-stage sintering
[J].Journal of Magnetism and Magnetic Materials,2014,371:121-129.

[23] Kakade S G,Kambale R C,Ramanna C V,et al.Crystal strain, chemical bonding, magnetic and magnetostrictive properties of erbium
(Er*T) ion substituted cobalt-rich ferrite (Co;Ferg— . Er, O4)[J].Rsc Advances,2016,6(40):33308-33317.

[24] Rao G S N,Caltun O F.Rao K H,et al.Improved magnetostrictive properties of Co-Mn ferrites for automobile torque sensor applications

[J].Journal of Magnetism and Magnetic Materials,2013,341:60-64.

Recovering spent Li-ion batteries preparation of La-doped cobalt ferrite

Xi Guoxi, Zhao Tingting, Heng Xiaoying

(School of Chemistry and Chemical Engineering;

Key Laboratory for Environmental Pollution Control of Henan Province, Henan Normal University, Xinxiang 453007 , China)

Abstract : Using spent Li-ion batteries as raw materials,critic acid as gelatin,a series of La-doped cobalt ferrite were syn-
thesized by a sol-gel auto-combustion technique.The crystalline form, structural, magnetic and magnetostrictive properties of the
samples were analyzed by X-ray diffraction (XRD), scanning election microscopy (SEM), transmission electron microscope
(TEM) ,vibrating sample magnetometer (VSM), and magnetostrictive coefficient measuring system.Results showed that the
La-doped cobalt ferrites had a spinel structure.The particle sizes were uniform.and the properties were changed compared with
the pure cobalt ferrite. The saturation magnetization, magnetostriction coefficients, and strain derivative for each samples de-
creased with increasing La-doped content. When the doped content x was 0.025,the strain derivative reached a maximum value
—1.18X10 * m/A under a lower magnetic field which was advantageous for the application of the iron oxide-based magnetos-

trictive material in non-contact sensors and actuator.

Keywords: Li-ion batteries; sol-gel auto-combustion; cobalt ferrite; magnetostriction
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