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Figure S1 Particle size distribution curves of (a) Ti-LO0, (b) Ti-L1, (c) Ti-L2, (d) Ti-L3, (e) Ti-L4,

(f) Ti-L5 after ball-milling during preparation.

Figure S2 SEM images of (a) Ti-LO, (b) Ti-L1, (c) Ti-L2, (d) Ti-L3, (¢) Ti-L4, (f) Ti-L5.
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Figure S3 Particle size distribution curves of (a) Ti-LO, (b) Ti-L1, (c) Ti-L2, (d) Ti-L3, (e) Ti-L4,

(f) Ti-L5.
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Figure S4 (a) Compaction density distribution at different pressures of Ti-LO and Ti-L3. (b)

Compaction density and (c) tap density of Ti-LO, Ti-L1, Ti-L2, Ti-L3, Ti-L4, Ti-L5.

10.24
9.6
2 9.0
8.4

7.8

Ti-LO Ti-L1 Ti-L2 Ti-L3 Ti-L4 Ti-L5

Figure S5 pH values of Ti-LO, Ti-L1, Ti-L2, Ti-L3, Ti-L4, Ti-L5.
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Figure S6 Raman spectra of Ti-L0 and Ti-L3.
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Figure S7 Electronic conductivities at different pressures of Ti-LO and Ti-L3.
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Figure S8 N, adsorption—desorption isotherm curves of Ti-LO and Ti-L3.
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Figure S9 FT-IR spectra of Ti-L0 and Ti-L3.
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Figure S10 (a) XPS full spectra, (b) Mn 2p, (c) Fe 2p spectra of Ti-LO
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Figure S11 Time-voltage profiles of (a) Ti-LO and (b) Ti-L3 at 0.2 C.



84 — Ti-LO
— Ti-L3

dQ/dV (mAh V1Y)
o

-8

30 33 36 39 42 45
Voltage (V vs.Li/Lit)

Figure S12 Differential capacities as a function of voltage for Ti-LO and Ti-L3.
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Figure S14 XRD of Ti-L3 prepared at 600 °C, 650 °C, 700 °C.
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Figure S15 Raman spectra of Ti-L3 prepared at 600 °C, 650 °C, 700 °C.
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Figure S16 (a) Rate performance and (b) discharge profiles at 0.2 C of Ti-L3 prepared at 600 °C,
650 °C, 700 °C.
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Figure S17 Cycling performance at 1 C at room temperature of Ti-L0 and three Ti-L3 samples.
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Figure S18 Content of Mn deposited on negative electrode after 500 cycles based on ICP.
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Figure S19 (a) Median voltage and (b) constant current impulse ratio of Ti-LO and Ti-L3 during

cycling at 1 C.
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Figure S20 CV curves of (a) Ti-LO and (b) Ti-L3 at the scanning rate of 0.01-0.01 mV s!, The

(b)

(b) 0.3] —0.01 mVe5" —0.03 mvs§°
0.2

Current (mA)

e o 9
3 o o

1
o
w

0.2

0.4

=
© o
o =]

n

=
[
h

2.5 3.0 3.5 4.0 4.5

@ Ti-LO
@ Ti-L3

100 200 300 400 500
Cycle number

——0.05 mV+§" ——0.07 mV-§"
1—0.10 mv-s"

Voltage (V vs.LilLi*)

@ Fe-Anodic
@ Fe-Cathodic slope=28.8
@ Mn-Anodic

Mn-Cathodic

slope=23.2

_‘F\\

slope=-34.2

0.004 0.006 0.008  0.010

3172

Square root of scanning rate (V s”)

corresponding relationships between I, and v of (c) Ti-LO and (d) Ti-L3.
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Figure S22 AFM height images (2D) of (a) Ti-L0 and (b) Ti-L3.

Figure S23 Current maps (2D) of (a) Ti-LO and (b) Ti-L3 by C-AFM.
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Figure S24 Energy band structure of (a) Ti-LO0 and (b) Ti-L3 based on DFT calculation.
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Figure S25 The waterfall profiles of in situ XRD patterns during the charge/discharge process at
0.2 C for Ti-LO sample.
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Figure S26 The waterfall profiles of in situ XRD patterns during the charge/discharge process at
0.2 C for Ti-L3 sample.



Table S1 Structural parameters of Ti-LO and Ti-L3 from the Rietveld refinement of XRD patterns

a(A) b (A c(A) V (A%)
Ti-LO 10.401 6.062 4.721 297.663
Ti-L3 10.395 6.059 4.719 297.218
Table S2 The atom positions in the Ti-LO crystal structure.
X Y Z Occupancy
Lil 0.00000 0.00000 0.00000 1
Mnl 0.28278 0.25000 0.97078 0.6
Fel 0.28278 0.25000 0.97078 0.4
Pl 0.09488 0.25000 0.41634 1
o1 0.09586 0.25000 0.73048 1
02 0.45138 0.25000 0.20564 1
03 0.16024 0.05282 0.27857 1
Table S3 The atom positions in the Ti-L3 crystal structure.
X Y Z Occupancy
Lil 0.00000 0.00000 0.00000 1
Mnl 0.28262 0.25000 0.97107 0.57
Fel 0.28262 0.25000 0.97107 0.4
Til 0.28262 0.25000 0.97107 0.03
Pl 0.09488 0.25000 0.41634 1
01 0.09578 0.25000 0.73205 1
02 0.45014 0.25000 0.21444 1
03 0.16012 0.05271 0.27865 1

Table S4 The length of Li-O1, Li-O2 and Li-O3 for Ti-LO and Ti-L3 samples from the Rietveld
refinement of XRD patterns

Li-O1(A) Li-02 (A) Li-O3(A)
Ti-LO 2.2158 2.0952 2.1512
Ti-L3 2.2204 2.1223 2.1520
Table S5 Particle size parameters of all samples.
D10(um) D50 (um) D90(um)

Ti-LO 0.337 0.461 0.891

Ti-L1 0.321 0.452 0.805

Ti-L2 0.320 0.449 0.767

Ti-L3 0.315 0.441 0.748

Ti-L4 0.306 0.427 0.721

Ti-L3 0.299 0.405 0.693




Table S6 Physical parameters of all samples

Sample Carbon content Compaction pH Electronic Specific surface
(Wt.%) density (g cm™®) conductivity (uS cm area (m? g'!)

1

)
Ti-LO 1.81 242 9.01 0.011 18.23
Ti-L1 1.76 2.41 9.22 0.032 20.18
Ti-L2 1.85 2.39 9.32 0.031 20.76
Ti-L3 1.79 2.38 9.43 0.037 21.39
Ti-L4 1.71 2.36 9.51 0.030 22.47
Ti-L5 1.82 2.34 9.66 0.033 23.51

Table S7 Comparisons of performances and preparation method between this work and the

previously reported LiMng ¢Feg 4sPO. material.

Materials Specific capacity Cycle performance Preparation method Ref.
(mAh g)
reronc | SEAViS Smmman s
LiMnosFe02POu/C 161 ata?'lzcc , 105 13;:? ;fg,?rzcsco Solid state method 2
0.9LiMno.7Feo.3PO4- 154.6 at 0.5 C, 98% after 200 cycles Solvothermal 34
0.1Li3V2(PO4)3 90.9at50C at0.5C method
LiMno7Feo.sPO4/C lﬁbl. Ga;?'ll CC ' gci;i:g‘; Z':t%rlllgo Solid state method s
mgapoicra SIS0 sotmi
LiMno sFeo.4PO4-SP-HCN 1?2';_ 7"";?'12 CC SSﬁﬁs‘"";ttei ‘Ego Solid state method 7
LiMno.2sMgo.0sFe07PO4/C lii'zz_oa;?f CC . 98.6% :{tg.rfg CYeles solid state method 8
LiMno.cFeo4PO4/C 1—5358&;&01.10(: ' 98.5% thtg.rISCO cycles Spray drying method 9
LiMno.cFeo.25Mo00.1sPO4/C 1231'5261;0 iZCC, gi;goesgtte; 1((:)0 Solid state method 10
LiMno ¢Feo4PO4/C/AL:Os 1ﬂf Za;? fcc ! gijg"e:":frlsgo So'r‘:]‘;tt';]zrdma' n
LiMno sFeos ZnooPO4/C s S 92&()'/(:83;6; o0 So'r‘;‘:tzirdma' 2
LiMno.cFeo25Nbo.1sPO4/C 1f§ 4.1?5a;t0i2CCl gifzﬁ ng"l 1C00 Solid state method ~ 1®
LiMno.cFeo.395La0.00sPO4/C 1?390'3‘3;?'125 ' %5 aft:tr f OCO cycles Solid state method 14
LiMno.57Tio.03Fe04PO4/C 1i%g3a;?'12 g ' 81;2{‘;22?;5((:)0 Solid state method v]s;giIS(




Table S8 Cost structure of lithium manganese iron phosphate (LiMng sFeo4PO4) production.

Raw Unitprice ~ Consumption Unit cost
Item material (¥/tgn) (tonl)) (¥/ton) Cost (¥/ton)
FePO4 12000 0.39 4680
Li,COs3 65000 0.1 6500
Mn;04 17000 0.29 4930
Material cost LiH,PO4 35000 0.4 14000 30995
glucose 12000 0.005 60
PEG 20000 0.03 600
TiO, 4500 0.05 225
Energy cost 5000
Labor cost 400
Total cost 36395
Table S9 The kinetic simulation results based on EIS.
Sample R (Q) Dyi+ (cm®sh
Ti-LO 176.2 3.78 x 10714
Ti-L1 146.5 9.62 x 10714
Ti-L2 126.3 2.06 x 10713
Ti-L3 112.6 5.60 x 10713
Ti-L4 127.1 3.31 x 10713
Ti-L5 148.7 8.02 x 10714
Table S10 Li* diffusion coefficients (Dyi+) of Ti-LO and Ti-L3 based on CV.
Sample Dri-Fe anodic Dyi+-Fe cathodic Dyi+-Mn anodic Dyi+-Mn cathodic
(cm? s (cm? s (cm?s™h) (cm? s
Ti-LO 4.74 x 10-12 3.46 x 10712 9.69 x 10712 1.12 x 10

Ti-L3 1.12 x 10! 6.81 x 1012 1.72 x 1011 2.43 x 10"
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