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Abstract

The massive accumulation of iron tailings causes problems such as resource waste, land occupa-
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tion, and environmental pollution. Finding efficient and high-value comprehensive utilization
methods for iron tailings has become an important goal in solving the problem of iron tailings ac-
cumulation in China. This article uses iron tailings from the Liaoning region as raw materials, and
extracts Fe source from tailings using an acid leaching method and controllable sedimentation
process. By adjusting the amount of ethanol added in the solvent, the morphology of ferrous oxa-
late precursor is controlled, and different morphologies are obtained through calcination a-Fe,03
is used as the negative electrode material for lithium-ion batteries. The research results indicate
that when the ethanol content is <60%, a-Fe.03 has a porous structure, and the a-Fe,03 negative
electrode synthesized without ethanol has a high discharge specific capacity (1121 mAh-g-1) and
good cycling performance (50 cycles at 100 mA-g-1, 518 mAh-g-1). This article provides reference
for the comprehensive utilization of iron tailings resources.
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1. 518

AR, BEE M AEG IS, A RIRREA, BN TR M 45 A R A ok i ARG,
RERETELEA R LR 177 B e T YR B, ARKRAE, RARERN FESEN TR
{1 [0 A 2 S A SR T S S A U 2 o ANE AT TR RS X B 7e A Rl B R g . i
HA e R AENIER T R N S5 7. TR E & Fe. Siv AlL Ca. Mg 1%k, ol
AYE A il 2% 37 B T e A RLRT Bk 2 s BE A4 LA JEURE, X bt FL A B8 i (¥ B AR R ] 1) 717 3 IO FH T 5

FE G ETRR R, RS P AR S I AEAE A 5 A Re % PRI PR By e 5 i /1] [2] %
G A A L, B i TR A AR SR R C A e R s R S,
SRR AR AT §[3] [4]. Sakthivel 25 [515R A RRIZ i M ER R L Fe® ¥, 1 NaBH, Jik 5
FIESEh % Rk, FERA R FesOu 9K BRI Giri Z5[6)0 BN KIBRIZ . JIVE. IEIERE BRI T2,
BT HEPEAK FesO, WKL, Yao Z5[71LAGN R MIRRENR BN IR, R DTIEE & T ks
P a-Fe O3 9Kk, 0K ~F7E 30~60 nm 2 i) . {F N4 ES 7 Aib i FuilA4 Kl 76 0.5 A-g™t R, 4 300
UHERER, I P2 B 1146 mAh-g ™, BFAER I EL A BE T a-Fe,05 WK BRI 2517 . A
ZHAR B RIS Al RFCER . RS RS .

AR SR TR N R FR R R UR, 385 1 A 7 R L, 1) R R T IR AR R TSR,
BB BRI ISR a-Fe O, FEH4 HAE NS T b GO RE, T8 Fa Ak 2R REWF I0 . sl
BN MLGEAERIE, FEREMIMER= &, 3 RSP RI& S B B B2 .

2. SKEEERSY
2.1, WS

SEIG R RAT I E I T 3k o, BAr LK 1o A 1R, BRREATH SiO, (67.90%). Fe,O;
(10.1%)F1 ALLOz (9.75%) i) & 1 7> B AL 87.75%. e szie R N Hrall, A5 /K &5,
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BRlR . EJEYHR . K CEE, T E R TR R A R 280Ky 258 = [ il

FESPMR G A EFE: X HRFOCIEREN(XRF, 18 E A€ 7 A S8 TIGER). X S 2 A AT 4%
(XRD, f#[E7iE 5 DBADVANCE). H#iH FRiMEL(SEM, JelE RI/REF] AR EVO). LG EE )
HLH, F@fE A Celgard 2500, FEM#A 1.0 mol/L LiPF6 HIBRER 2 4 i (EC) AR — 2. g (DEC) KR &l
(EC:DEC HIMAFIEL Ry 1:1), M DEHE 24 ho KA il R 50(CT-4008T &L, RIIHE A R
A F])RE AT IE I FE A I, A 1O 0.01~3.0 V, HIREE N 0.05~2 A-g s

Table 1. The main chemical composition of iron tailings (wt%)
%= 1. SETHEELFHEB(W%)

SiO, Fe,O3 Al,O; MgO CaO K,0 Na,O TiO, FHAh

67.90 10.10 9.75 3.68 2.88 2.46 2.30 0.34 0.58

2.2. BEmEHlE

1) iEH 10 ml Z&MWAIARE, I 10.00 g #REH(200 Hid¥), K 40 ml Mbi iR iE R (AR L
H,S04:H,0 = L:2) AR, TEIRIHIE 100°C, 300 r/min B /13 HE 2.5 h, BRIZBGEHGhIE. JEK L E &,
Gy RTRIRER . TRIRES S AR TV PEIR IR 28 K UEMIR R 2P, A 3.00 g i858k, 1HIR/KIE 50C,
300 r/min g 730 EE 2 0, HhE, IRIGFEESROVETR Ly, BRI NBRER 4k

2) B Ly AR TR 110 mL AS[A] ZBES 2 0 BRI TR (R 1) ot 240 H0h 8 wit%, LIE/KIVE
o R IARF T 00 B 0% 20%. 40%. 60%. 80%. 1009%)fIKeie, 7£ 40°C/KIB T, 300 r/min
WEJIBEFE 1 h, SEEME L h, 98, WIS MK E pH = 7, &5 80CTHEE T 4 h, R1E
AN[F TS R BRI 2K (FeCo0,) AT B A4 o FHAN [F) IR BE 1) 7K I VR G s PRI B R T 2K (FeCL.0,) 1 i, 5300l i 44
N FeC,0,-0. FeC,0,-20. FeC,0,-40. FeC,0,-60. FeC,04-80. FeC,0,-100.

3) ¥ FeC,0, FEMLTE 600°CHEke 3h, HFIL {0 a-Fe,03 ¥k, HIA[E FeC0, i BRA S M) a-Fe,05
FEs, Rl %N a-Fe,03-01 a-Fe,04-20 a-Fe,03-40. a-Fe,04-60. a-Fe,03-80. a-Fe,05-100.

3. &R5iT1ie
3.1. XRD &#1

S AN R P B 7K VA A B R W R R d B AT XRD 0 #T, S5 1 FioR. BERR W2k HAT
il a-FeC,04 Fll B-FeC,04: a-FeCO, JB T HRtdn &, ZE[AHEA C2/c (No.15); p-FeC,0, )& T IEAT dh &,
7% [a]# Ccem (No.66) [8] [9] [10]. A 1 W] LA AN IR B L 7K K] FeCo04 FF il ) XRD AT
g5 5 B-FeC,0, HIFRIER F (PDF#01-075-7291) A% N, & ATE L BRI IR &R T 4168 & i Ceem 72
[EHER) p-BIRER . AN[F] SR B SR A T il 4 43 2 1) FeCo0, FE 1) XRD AT A LB A, 9B my,
VLA BRI d BE R o A S IS8, (1200 it T (19 7 S0 DA K% (114 i T 77 5 DA o 30 1 20 Ut 3
&, TRERE CEEAE N HIEMEFNH] T FeCo04 (110) 5 A= K LR 44 Ry & TR L 2

Kl 2 HANIF] o-Fe 04 1 fili 1) XRD Bl o 25 5K B, FEMATHNIE Y o-Fe,04 Frifk K3 (PDF#01-080-5405)
Wid, Hhfe 20=24.1°, 33.1°, 35.6°, 40.8°, 49.4°, 54.0°, 62.4°, 63.9°, 71.9°F1 72.2°[{IHT§FE 5 5%t
NF a-Fe,05 £(012), (104), (110), (113), (024), (116), (214), (300), (1,0,10)F1(220)%41, HEZ A&
RV, TTHNZFE S 2N a-Fe,05, 3R] LBES BRI INAS 22520 o-Fe O FrI45 dr B2 AN F 2288 5% A T
IELIA -
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Figure 1. XRD patterns of FeC,0, prepared from different concentrations of ethanol
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Figure 2. XRD patterns of Fe,O3 prepared from different concentrations of ethanol

2. FEIKE ZE2H % Fe,05 B9 XRD i

3.2. SEM #3#r

K] 3 AN [RIVR FE Z B I W) 4% (1) FeCo0, 1) SEM I Fr o 1 15] 3(a)~(f) T LARE SR, 0k i) A B 2 41 5
K. HE 3@)~(d) A, 4 ORE S E<60%H, sk EHORBHIRG, RI-FE, RS A,
HH ] 3(e)MI(H) AT 5, 4 SBE & E>80%I , — JCRURIRLE W s/ o IR AE, 1R R H R R
fiki AR KA, — OBk (i i O R G, RINREREC FEK. ZBEAE N —MaHEG, R
B BEAR— BRI R THTBE, 01— YCRIUREL [R) 1) SR SE R IORE KK, R AR kN [11]

K 4 24 600°C FRSBEHI %1 o-Fe,03 1) SEM HE . MIFIFRAT LR H, FESA R FEEEIFIRILS,
Hrh a-Fe,05-0 HIREK, TMaRAIEREE T FeCoO4 RUIKMII A AR, T FeCO4 MBFE /iR FE 4
CO M, JEA kL IMRSILIRLE M, W& 4(a)~(d): 4 ZREE E>80%0, S k5beniAfEb(1 3(e)F(f))
o-Fe, 05 IITESRTE B A4k, Wnl&] 4(e) FI().
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Figure 3. SEM images of FeC,0, prepared from different concentrations of ethanol (a) FeC,0,-0; (b)
FeC,0,4-20; (c) FeC,04-40; (d) FeC,04-60; (e) FeC,04-80; (f) FeC,04-100

3. NERE ZBE&H|&H FeC0, HY SEM BB A

(a) FeC,04-0; (b) FeC,04-20; (c) FeC,04-40; (d) FeC,04-60; (e) FeC,04-80; (f)FeC,0,-100

Figure 4. SEM images of a-Fe,O3 prepared from different concentrations of ethanol (a) a-Fe,05-0; (b)
a-Fe,03-20; (C) a-Fe,053-40; (d) a-Fe,03-60; (e) a-Fe,05-80; (f) a-Fe,03-100

4. REIRE BEARH &8 o-Fe,05 B9 SEM B

(a) a-Fe,05-0; (b) a-Fe,05-20; (C) a-Fe,03-40; (d) a-Fe,05-60; (e) a-Fe,03-80; (f)a-Fe,03-100
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3.3. BULFEMENRERS S

5 N a-Fe 05 FLHZAE 100 mA-g ™ FLIL % AT FLR K SR I Fe il 26 . B 5 7T LA Y, a-Fe, 04
BB O R 22 = AN B AL, 25— B B 3.0~0.8 V HL TG R BRI AR, i FEXS B T LIt a-Fe,0,
AR LiFe, 05 2 28 “FrBURAE 0.8 V A LI — MK T &, &% F B XL Fe,05 (138 )5
T, Bl a-Fe,05 5 Lit KA ON AL ARG K AR AE LiO o, Z R 5Tk T 2 AR, SB=A
B 0.8~0 V [y HL RS, 6 BT Fe¥/Li O (A thi i,  FRARIILA0 0 LA & SEI AT i S i 7
BEE WS MK, a-Fe,Os FLAR 1B VO L (F8 HL) EL 28 B2 90~ 1121 mAh-g™ (835 mAh-g ). 1121
mAh-g* (905 mAh-g!). 1168 mAh-g* (900 mAh-g!). 1174 mAh-g* (900 mAh-g™!). 1126 mAh-g* (855
mAh-g™"). 1147 mAh-g™* (876 mAh-g"), HIRKEMRE AN 74.5%. 80.7%. 77.1%. 76.7%. 75.9%.
76.4%.
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Figure 5. Galvanostatic charge/discharge profiles of a-Fe,O; anodes (a) a-Fe,05-0; (b) a-Fe,03-20; (c) a-Fe,03-40; (d)
(X'F6203-60; (e) IZ-FEZOg-SO; (f) a-F6203-100

[ 5. a-Fe,0; Ta iR B FE AL EE Hh 2%

(a) a-Fe,03-0; (b) a-Fe,03-20; (C) a-Fe,03-40; (d) a-Fe,05-60; (e) a-Fe,03-80; (f) a-Fe,05-100

DOI: 10.12677/hjcet.2024.142014 128 =AW EESES VN


https://doi.org/10.12677/hjcet.2024.142014

BIKIR 4

5 SRR U 5B S R 1 VORI AL Fe, O PR I FR I8 L 2% (1007 mAN-g ™), #LL A BB T RE
ST Fe¥/LiO FIFHAEARAT N B KA R B, 20%~25% 1 25 B R 0 32 B2 1H T+ SEI 5 (A 70 B T 6
WAL LiT [12]. HH a-Fe,03-60 AR EL A B =i, a-Fe,05-20 FLR I T IR EEAC R e o FEF%
TR SRR, BRI R AR AR S E IR, I 5 iTRAE M, BR T o-Fe,05-80 HLfK, HE
HLAR A B T MEH IR BCR I R A E S, AR ER A B TRoE, RIVH B 1EH
FaE k.

NT T a-Fe Oz M IR MERE, K b /E AR RS R R AIE3F 5 W%, HUaEIE] 100 mA-g ™t L%
FEEIR 10 WK, MR SR BOR LA BRI R ML WA 6 Fion. WE 6 sl LUE H, Bl B e B )14
T, a-Fe,05 I EL R B P8, iX N5 R T a-Fe,05 5 LitHIHEAY S N dfk DA 78 43 #3547 . 7€ 500 mA-g ™
HEE T, a-Fe,05-0/20/40/60/80/100 FELM [ F LE 25 B4y 5 vl 75 F] 747 mAh-g™'. 652 mAh-g™*. 649
mAh-g'. 724 mAh-g”'. 462 mAh-g”'. 689 mAh-g”t. T4 HE M KE 2 A-g iy, FEHAE
REBAL 100 mAh-g . AN, 2 a-Fe,05-0 HLHRZ T 30 YRIEHA )5 FE A1 £ 100 mA-g * R E 45 10
WFETH GRS, B SRR FE7E 850 mAN-g™, 4kE:FeE, M T3 il Rl L B, &
B 0-Fe,O5-0 HIMRZE I K LA 2 BE I e i I A2 2 5, BAREE M R AE B AN AT A4k, B B 45
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Figure 6. Rate capability profiles of a-Fe,O3 anodes (a) a-Fe,03-0; (b) a-Fe,03-20; (c) a-Fe,03-40; (d)
a-Fe,03-60; (e) o-Fe,053-80; (f) a-Fe,05-100
[ 6. o-Fe,0; TAIREY & M RERRZE
(a) a-Fe,05-0; (b) a-Fe,05-20; () a-Fe,03-40; (d) a-Fe,05-60; (e) a-Fe,03-80; (f) a-Fe,03-100
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B 7 AR o-Fe 04 FAAATRIAE 100 mA-g ! FLTRE E FIEER 50 WK EL A B KA 2R B . WK
7 AIAEH, a-Fe,05 HURARIEHTE IR ARG, R A B2 FEK, HF o-Fe,05-0 HIR LA
AL, e AR AR B, E40 30 KIEM G B TR E . a-Fe,05-0/20/40/60/80/100 Hi
R 50 RGN JBOH EL 25 84> 18 518 mAh-g . 315 mAh-gt. 251 mAh-g*. 301 mAh-gt. 222
mAh-g~'. 261 mAh-g™", T KR R RFFR 518 46.2%. 28.1%. 21.5%. 25.6%- 19.7%. 22.8%.
ZE R a-Fe,05-0 UM HA BF MEAFa e . WTRER T a-Fe,05-0 HA M2 fLIA RS TE 2 IR 7T
HUFE BB R R AR Ak, dhMfeEtEly, DU B MfE I fa e .
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Figure 7. Cyclic capability profiles of a-Fe,O3; anodes (a) a-Fe,05-0; (b) a-Fe,05-20; () a-Fe,03-40; (d) a-Fe,05-60; (e)
a-Fe,03-80; (f) a-Fe,03-100

7. a-Fe,05 ARV TBIM L REH 2
(a) o-Fe,03-0; (b) a-Fe,03-20; (C) a-Fe,03-40; (d) o-Fe;03-60; (e) o-Fe;03-80; (f) o-Fe,03-100

4, &5ig

1) REBEIRIFH a-Fe,O5 RS IR B 1 AN [A) S BR E B T KA FOAEIR S B A5 K, LB I EE<60% I, 5
R FLEEH: 29>80%M, a-FeOg I — UUBUKIRLEE B R0/, TRAE LA % -

2) AN a-Fe,Oq HIAR A 5 VT HE bE A S 1) KT 2

NN e —

T E,

HBA &S IRER R (74.5~80.7%) .

Hrh, a-Fe,05-60 B IIAIEE T L A (1174 mAh-g Dk, EIEMAERMEREE 2, T o-Fe,05-0 H
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W HA 0 1 HE 25 (1121 mAh-g )T PG FREAE (100 mA-g ™ T 50 X7EFF, 518 mAh-g ).
E€H

ATAF BT BT Ve S5 R R r s ST AL G IR A “BRRBH il 7% a-Fe O/ 7 st K H

RIHEfEENT) DFT WEFL” (ME23-06) T RH 2Bt LR sh & H <8k Rn i 8 & 7 i it 2 1L
a-Fe,04/C Tt Rl Az Ak 22 PR REWT T 7 (2307B19). 2023 4 A R A GIH ANV Zit- R B “ 22
il 24 B B - FLI LioFeSiO, AR S L Ak 2t e 9T (202311430060)
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