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S'1 Synthesis and materials characterization
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Figure S1. XRD patterns of TizAlC, and few-layers MXene, as well as dispersion of few-

layers MXene.
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Figure S2. Particle size distribution of LMFP and LMFP@MXene@C.
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Figure S3. The wetting angles of LMFP@MXene@C and LMFP with the electrolyte,

respectively.



Figure S4. SEM of few-layers MXene and LMFP.
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Figure S5. Box diagram of rate performance of the LMFP@MXene@C and LMFP cathodes.
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Figure S6. (a) SEM and mapping of MXene@C. (b) CV of pure C (derived citric acid),

MXene and MXene@C.
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Figure S7. a-c shows the CV comparison between LMFP@MXene@C and LMFP at the

beginning and after cycling for 1200 under 5C.
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Figure S8. EIS spectra and Nyquist plots, and relationship between Z” and o2 at low

frequencies of LMFP and LMFP@MXene@C initially and after long cycles.

S2 Electrochemical performance and ion diffusion kinetics

Typically, the voltage range was set as 2-4.5 V, and the GITT tests were carried out at
0.5 C with a pulse of 30 min and a relaxation of 30 min. The calculation of the diffusion
coefficient was based on the following equation:
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where D represents the ion diffusion coefficient, / is the thickness of the active
materials, and t is the relaxation time. AE, refers to the voltage difference between the
voltages before the pulse process and after relaxing. AE; is the voltage variation

eliminating the IR drop during pulse.



The charge-storage mechanism can be investigated by exploring the relationship
between the peak current (i, mA) and the scan rates (v, mV s!) by Eq.(1)-(2):
i=ar’
log (i) = blog (v) + log (a)
Where a and b are adjustable parameters. When b equals to 1, the capacity is fully
governed by the capacitive-controlled process; if b equals to 0.5, it corresponds to a
diffus ion-controlled process.[!3: 14]
The respective contribution of capacitive-controlled processes and diffusion-controlled
process can be quantitatively estimated through the following Eq.(3)-(4):
i) = kyv + kyv'/?
iw) w2 =k + k,
Where i(v), kv, k;v/? and v refer to the current at a fixed potential, the capacitive-

controlled current, the diffusion-controlled current and the scan rate, respectively.[15- 16]
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Figure S9. (a)-(b) CV curves of LMFP@MXene@C and LMFP cathode at various scan rates;
(c)-(d) log(i) vs log(v) plot of LMFP@MXene@C and LMFP; (e) diffusion and capacitive

contributions of the LMFP@MXene@C at 0.09 mV s!; (e)-(g) capacitive contribution of the

LMFP@MXene@C and LMFP at various scan rates.

S84 Evaluation of electrode materials stabilities

The International Conference on Thermal Analysis and Calorimetry indicates that a

reliable thermodynamic model should be based on data obtained under multiple S



values. In addition, the equal conversion method should be used to calculate the reaction
kinetics. Therefore, in order to study the thermal stability of cathode materials, based
on thermodynamic data obtained from DSC, we used Starink, Vyazovkin, KAS and
FWO models to calculate E, at different heating rates s (=1, 2, 4, 7, and 10 °C/min).
Thus, mutual authentication was achieved based on the accuracy of E, values.!'”]

The thermokinetic parameters of the Starink model are calculated using Eq. (1):

B E,
In (T_;;) =C- C(ﬁ)

where C; is the constant and i and C are approximate values of the temperature
integral. In this study, i and C were specified as 1.80 and 1.0037, respectively.

The thermokinetic parameters of the Vyazovkin model are calculated using Eq. (2):
E
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where 7, , represents the time required for the electrode material to achieve different
thermal conversion rates.

The thermokinetic parameters of the KAS model are calculated by Eq. (3):

In (ﬁ) =In
Te

where g(a) is an integral form of the reaction mechanism function and T, is the

E
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temperature corresponding to the conversion rate a. In order to set a baseline when
analyzing the data, we randomly selected 12 conversion degrees (o= 0.05, 0.1, 0.2, 0.3,
0.4,0.5,0.6,0.7, 0.8, 0.9, 0.95, and 0.99) are used for thermodynamic analysis.[#]

The Flynn-Wall-Ozawa (FWO) kinetic model inherits the advantages of the
differential and isoconversional models. The FWO kinetic model is used as a
representative integral method and compared with the Kissinger, KAS, and Vyazovkin

kinetic models. The thermokinetic parameters of the FWO model are calculated using
Eq. (4):

E, E, E,
In(B,) + LOSM(FM) =In(B,) + 1.0516(Fp2) =In(B3) + 1'0516(_RTP3) =..
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Figure S10. Heat absorption curves of LMFP@MXene@C and LMFP at different heating

rates.

Table S1. The composition and analysis method of commercial LMFP.

% Test method
Li 4.3
Mn 20.65
ICP standard curve method
Fe 13.88
P 19.21

C 1.87 carbon sulfur analyzer




Table S2. Performance of LMFP analogue materials reported in literatures.

Phase information Performance References
. [1] J. Power Sources 329
LiMng sFeq sPO,@(rGo+C 115 mAh gl at1C
Mo sFeosPO@(rGo+C) mang-a (2016) 94-103
2] Electrochim. Acta 191
C-LiMn, sFeo PO, 145mAhglat1c o) Electrochim. Acta
(2016) 200-206
3] Appl. Surf. Sci. 476
LiMng gFeq ,PO,/C/N-rGo 1354mAhgiat1c L) Appl Surf. Sci
(2019) 513-520
4] J. Power S 275
LiFeo sMng4PO,/C with FACP 1508 mAhglat1C L. Power Sources
(2015) 823-830
5] Chem. Eur. J. 26
Porous LiFe sMno ¢PO,/CNFs 1388 mAhglat1Cc L) Chem. Eur
(2020) 5341 — 5346
6] Appl. Energy Mater. 2
LMEP/AGO@C 152 mAh g at 1C [6] Appl. Energy Mater
(2019) 2 1727-1733
LiFe, sMng,PO,-3S3C2P 7] J. Mater. Chem. A 6
oo o2t 130 mAh gl at 1 C [7] J. Mater. Chem
composites (2018) 10395-10403
8] J. Power S 613
LiFeosMng¢PO,-1LZO <130mAhglat1c L) ) Power Sources
(2024) 234938

[9] J. Electrochem. Soc.
171 (2024) 040502
[10] J. Energy Storage 73

Li4Ti5012 Coated LiMn0'6F60'4PO4 140.5 mAh g_l at1 C

Mg-doped LiMny sFeg ,PO,/C 145.8 mAh glat 1 C

§-aopet LiNHlosTCo2 L malgta (2023) 109006

) [11]J. Energy Storage 96

LiMny sFeo sPO4-Zn (1% 1287 mAh glat 1 C

1Mno sFeosPOs-Zn (19%) malgta (2024) 112552
12] J. Energy Storage 79

LMFP/C-Fe 1S24mAhglatlc  Ll2]J) Enerey Storage
(2024) 110198

LiMng ¢Fey s PO,@MXene@C 154 mAh g'at1C This work

LMFP and LMFP@MXene@C's GITT corresponding data under accession code

https://doi.org/10.6084/m9.figshare.26942950.

Table S3. The charge transfer impedance, weber factor and diffusion coefficient of samples.

Samples R./Q o/ohmem?s 03 Dy;./cm?3s!
LMFP 249.7 231 1.64337x1013
LMFP@MXene@C 114.8 129 5.26961x1013

Cycles-LMFP 301.7 1226 5.83415x10°1



Cycles-LMFP@MXene@C 2117 301 9.67888x10-14

Table S4. E, and R’ values calculation for the cathode material of LMFP@MXene@C using
three models under different a values.

Starink Vyazovkin KAS FWO
E, R? E, R? E, R? E. R?
(kJ/mol) (kJ/mol) (kJ/mol) (kJ/mol)

10
20
30
40
50
60
70
80
90
95

12549  0.998 125.69 0.99 124.88 0.99 129.01 0.99
118.88  0.99 119.17 0.99 118.22 0.99 122.84 0.99
113.79  0.998 114.13 0.99 113.11 0.99 118.07 0.99
110.26  0.99 110.66 0.99 109.55 0.99 114.78 0.99
106.86  0.99 107.31 0.99 106.13 0.99 111.61 0.99
104.16  0.99 104.66 0.99 103.41 0.99 109.11 0.99
99.21 0.99 99.75 0.99 98.43 0.99 104.46 0.99
93.80 0.99 94.41 0.99 92.99 0.99 99.40 0.99
86.27 0.98 86.96 0.98 85.42 0.98 92.35 0.98
82.07 0.96 82.82 0.96 81.19 0.96 88.45 0.97

Average 104.08  0.99 104.56 0.99 103.33 0.99 109.01 0.99

Table S5. E, and R’ values calculation for the cathode material of LMFP using three models

under different a values.

Starink Vyazovkin KAS FWO
a E, R? E. R? E. R? E. R?
(kJ/mol) (kJ/mol) (kJ/mol) (kJ/mol)
10 113.79  0.99 113.89 0.99 113.13 0.99 117.79 0.99
20 109.73  0.99 109.93 0.99 109.05 0.99 114.05 0.99
30 106.59  0.99 106.86 0.99 105.89 0.99 111.15 0.99
40 103.38  0.99 103.71 0.99 102.65 0.99 108.16 0.99
50 100.07  0.99 100.45 0.99 99.32 0.99 105.08 0.99
60 9535  0.99 95.79 0.99 94.58 0.995 100.67 0.99
70 88.95  0.99 89.45 0.99 88.14 0.99 94.66 0.99
80 81.46  0.98 82.04 0.99 80.61 0.98 87.65 0.99
90 72.76  0.98 73.44 0.98 71.85 0.97 79.51 0.98
95 67.87  0.97 68.64 0.97 66.93 0.97 74.98 0.97

Average 94.00  0.99 94.42 0.99 93.22 0.99 99.37 0.99
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