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Fig. S1. FT-IR spectrum of the NFS/rGO-SDS-0.03 precursor.
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Fig. S3. TEM images of NFS/rGO-SDS-x. (x=0, 0.03, 0.06)
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Fig. S4. TEM images and EDS elemental mapping of NFS/rGO-SDS-x. (x=0, 0.03,
0.06)
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Fig. S5. SEM images and EDS elemental mapping of NFS/rGO-SDS-x. (x=0, 0.03,
0.06)



Fig. S6. TEM images of the acid-washed samples.
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Fig. S7. High-resolution XPS spectra of Na 1s and Fe 2p for NFS/rGO-SDS-x. (x=0,

0.03, 0.06)
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Fig. S8. HRTEM image of NFS/rGO-SDS-0.03, showing the amorphous carbon shell
and its representative thickness.
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Fig. S9. TEM images of NFS/rGO-SDS-0.03.
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Fig. S10. (a) TG-DSC curves of SDS, showing that the main mass-loss/decomposition
stage occurs within approximately 200-300 °C; (b) XRD pattern of the residue
obtained after thermal treatment of pure SDS under the same heating conditions,
indicating Na,SO, as the dominant crystalline residue.
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Fig. S11. Rietveld refinement XRD pattern of NFS/rGO, with the refined minor
Na,Fe(SOy), heterophase fraction labelled in the figure.

Na,Fe(S0,), = 1.3 wt%]
: NFS/rGO-SDS-0.03 | ¢ Rwp=3.83%
- 3 : calc
= 5 q 3 ——diff
= g 4883 | Na,Fe(SO,),
? ‘ R I Na,,,,Fe, (SO,);
L
R= I T T S N T VT W AR AR T N T O T Ty
Lo TR T TR N T N R A N AR Ty T
1""\" '__,_ o lyl- ibenrandnlyion, Al oo o~
T T I T I T T T T T
10 20 30 40 50 60 70
2 Theta (degree)

Fig. S12. Rietveld refinement XRD pattern of NFS/rGO-SDS-0.03, with the refined
minor Na,Fe(SOy), heterophase fraction labelled in the figure.
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Fig. S13. Rietveld refinement XRD pattern of NFS/rGO-SDS-0.06, with the refined
minor Na,Fe(SOy), heterophase fraction labelled in the figure.
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Fig. S14. HRTEM image of NFS/rGO-SDS-0.03 focusing on the internal crystalline
region, specifically highlighting the lattice fringes of the metastable Na,Fe(SO,),
heterophase and its distinct boundaries with the main alluaudite matrix.
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Fig. S15. Moisture sorption kinetics test conducted at 10% RH, terminated when
dm/dt < 0.002% min‘!.
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Fig. S16. Moisture sorption kinetics test conducted at 20% RH, terminated when
dm/dt < 0.002% min-!.
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Fig. S17. Moisture sorption kinetics test conducted at 30% RH, terminated when
dm/dt < 0.002% min‘!.
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Fig. S18. Moisture sorption kinetics test conducted at 40% RH, terminated when
dm/dt < 0.002% min-!.
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Fig. S19. Moisture sorption kinetics test conducted at 60% RH.
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Fig. S20. Moisture sorption kinetics test conducted at 70% RH.
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Fig. S21. Moisture sorption kinetics test conducted at 80% RH.
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Fig. S22. Moisture sorption kinetics test conducted at 90% RH.
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Fig. S23. Moisture sorption kinetics test conducted at 95% RH.
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Fig. S24. XRD pattern evolution of NFS/rGO-SDS-0.03 exposed to ambient air for 7
days.
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Fig. S25. Comparison of charge-discharge curves between the fresh NFS/rGO-SDS-
0.03 sample and the sample exposed to ambient air for 7 days.
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Fig. S26. SEM image of the fresh NFS/rGO-SDS-0.03 sample.

NFS/rGO-SDS-0.03 7 Days

Fig. S27. SEM image of NFS/rGO-SDS-0.03 after exposure to air for 7 days.
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Fig. S28. Electrochemical performance, capacity retention, XRD patterns, and SEM
images of NFS/rGO, NFS/rGO-SDS-0.03, and NFS/rGO-SDS-0.06 after exposure to
ambient air with a relative humidity of approximately 55%RH for one month.
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Fig. S29. Contact angle measurement images of NFS/rGO-SDS-0.03 toward water
and electrolyte NC004.
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Fig. S30. High-resolution XPS spectra of C 1s and O 1s for NFS-SDS-0.06.
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Fig. S31. FT-IR spectrum of the NFS-SDS-0.06.




Fig. S32. Computational model of H,O adsorption energy on bare NFS (NFS|H,0).

Fig. S33.  Computational model of H,O adsorption energy on the perfect
graphite/NFS interface (NFS@G|H,0).



Fig. S34. Computational model of H,O adsorption energy on the oxygen-containing
defective graphite/NFS interface (NFS@G-O[H,0).
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Fig. S35. Optimized H,O adsorption configurations and calculated adsorption
energies on carbon-only surfaces with different surface states: (a) pristine carbon, (b)
carbonyl-containing carbon, and (¢) hydroxyl-functionalized carbon. The upper and
lower panels show the side and top views, respectively. Brown, red, and white spheres
represent C, O, and H atoms, respectively.
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Fig. S36. Rate performance of the carbon-matched control sample (NFS/rGO-3 wt%),
where the GO content was increased to achieve a carbon load of ~3 wt%.
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Fig. S37. CV curves of NFS/rGO at different scan rates, with the inset showing the b-
value fitting curve and corresponding values.
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Fig. S38. CV curves of NFS/rGO-SDS-0.06 at different scan rates, with the inset
showing the b-value fitting curve and corresponding values.
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Fig. S39. Ultralong cycling performance of NFS/rGO-SDS-0.03 at 30 C for 10000
cycles.
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Fig. S42. Ex situ XRD patterns and SEM images of the NFS/rGO-SDS-0.03 electrode
before and after cycling. (a) XRD patterns of the pristine and cycled electrodes. SEM
images of the (b) pristine and (c¢) cycled electrodes.
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Fig. S43. Rietveld refinement of the ex situ XRD pattern of the cycled NFS/rGO-
SDS-0.03 electrode.



Table S1. Atomic percentages obtained from EDS elemental mapping

Elements NFS/rGO NFS/rGO-SDS-0.03  NFS/rGO-SDS-0.06
O 54.4 46.2 48.3
C 22.4 24.8 243
S 9.5 12.0 10.9
Na 7.1 8.7 8.9
Fe 6.6 8.2 7.6
Na/Fe 1.08 1.06 1.17

Table S2. Four-point probe resistivity test results

NFS/rfGO  NFS/rGO-SDS-0.03  NFS/rGO-SDS-0.06

Volume Resistivity (Q2-cm) Open Circuit 88.98 71.68

Table S3. BET measurement data

NFS/rGO  NFS/rGO-SDS-0.03  NFS/rGO-SDS-0.06

BET Surface Area (m? g!) 7.54 11.67 12.87
Total pore volume of pores
0.036 0.045 0.057
(cm? g)
BJH Desorption average
8.67 4.55 6.40

pore diameter (4V/A) (nm)

Table S4. XPS C 1s high-resolution spectrum and its corresponding components

Chemical species (at%)  NFS/rfGO  NFS/rGO-SDS-0.03 NFS/rGO-SDS-0.06

C-C (sp?) 15.83 16.25 17.71
C-C (sp?) 10.68 6.70 6.62
C-0/C-0-C 6.28 6.54 6.63

0-C=0 4.96 4.82 2.31




Table S5. Atomic parameters of Na,.o.Fe, «(SO,); refined from XRD Rietveld

refinement of NFS/rGO.
Formula NFS/rGO
Crystal system Monoclinic
Space group Cl12/c
a(A) 12.65946
b (A) 12.76448
c(A) 6.51126
B 115.55614
Unit cell volume (A?) 949.223
Atom X y z Ocec. Mult
S1 0.50000 0.21433 0.75000 0.500 4
Nal 0.27475 0.34519 0.37050 0.124 8
Fe 0.27475 0.34519 0.37050 0.876 8
Ol 0.08202 0.31139 0.10664 1.000 8
02 0.05621 0.19707 0.47295 1.000 8
S2 0.23072 0.10439 0.11060 1.000 8
03 0.28452 0.16393 0.37857 1.000 8
04 0.16901 0.01736 0.08692 1.000 8
05 0.29860 0.35126 -0.00373 1.000 8
06 0.53381 -0.01664 0.50508 1.000 8
Na2 0.00000 0.74576 0.25000 0.500 4
Na3 0.35711 0.07913 0.12902 0.681 8
Na4 -0.01765 0.07968 0.07728 0.453 8




Table S6. Atomic parameters of Na,rFe,(SOy); refined from XRD Rietveld
refinement of NFS/rGO-SDS-0.03.

Formula NFS/rGO-SDS-0.03
Crystal system Monoclinic
Space group Cl12/c
a(A) 12.66910
b (A) 12.78410
c(A) 6.52392
B(°) 115.54768
Unit cell volume (A3) 953.324
Atom X y z Occ. Mult
S1 0.50000 0.22050 0.75000 0.500 4
Nal 0.27339 0.34416 0.37105 0.146 8
Fe 0.27339 0.34416 0.37105 0.854 8
O1 0.08856 0.31721 0.12658 1.000 8
02 0.03622 0.19616 0.47445 1.000 8
S2 0.23028 0.10015 0.11400 1.000 8
03 0.29697 0.16751 0.39800 1.000 8
04 0.17046 0.01189 0.09997 1.000 8
05 0.28665 0.35062 -0.00797 1.000 8
06 0.53391 -0.01441 0.48153 1.000 8
Na2 0.00000 0.74557 0.25000 0.500 4
Na3 0.35856 0.08985 0.11584 0.703 8
Na4 -0.04682 0.08063 0.05973 0.495 8




Table S7. Atomic parameters of Na,rFe, (SOy); refined from XRD Rietveld
refinement of NFS/rGO-SDS-0.06.

Formula NFS/rGO-SDS-0.06
Crystal system Monoclinic
Space group Cl12/c
a(A) 12.67619
b (A) 12.79892
c(A) 6.53525
B(° 115.56546
Unit cell volume (A?3) 956.479
Atom X y z Occ. Mult
S1 0.50000 0.22275 0.75000 0.500 4
Nal 0.27364 0.34467 0.37133 0.144 8
Fe 0.27364 0.34467 0.37133 0.856 8
O1 0.09101 0.31758 0.13270 1.000 8
02 0.03173 0.19520 0.47322 1.000 8
S2 0.23155 0.10061 0.11483 1.000 8
03 0.30421 0.17541 0.41100 1.000 8
04 0.17214 0.01459 0.09683 1.000 8
05 0.28678 0.35304 0.00028 1.000 8
06 0.53284 -0.01353 0.46978 1.000 8
Na2 0.0000 074767 0.25000 0.500 4
Na3 0.35372 0.08915 0.10839 0.686 8
Na4 -0.05780 0.07930 0.05007 0.494 8




Table S8. DFT calculation results: formation energies of various structural model

Structural model Formation Energy (Ey) (eV nm2)
NFS@G -0.12
NFS@G-O 0.15
NFS@G-OH -0.32

Table S9. DFT calculation results: adsorption energies of water molecules on

various structural model

Structural model Adsorption Energy (E,qgs) (eV)
NFS|H,O -0.79
NFS@G[H,0 -0.02
NFS@G-OH,O -0.43
NFS@G-OH[H,O -0.06
G[H,O 0.004
G-OH,O -0.136
G-OH|H,O -0.533

Note: G, G-0O, and G—-OH denote pristine carbon, carbonyl-containing carbon, and hydroxyl-
functionalized carbon, respectively. NFS@G, NFS@G-O, and NFS@G—OH represent NFS

surfaces covered by the corresponding carbon layers.

Table S10. EIS fitting parameters of NFS/rGO, NFS/rGO-SDS-0.03, and NFS/rGO-

SDS-0.06
Sample Ry () R (Q)
NFS/tGO 5.513 661.3
NFS/rGO-SDS-0.03 4.750 348.1

NFS/rGO-SDS-0.06 4.685 517.4




Table S11. Calculated contribution ratios of capacitive and diffusion-controlled

behaviors for NFS/rGO at different scan rates

Scan rate (mV s!) Diffusion Capacitive
0.2 0.0743 0.9257
0.4 0.0554 0.9446
0.6 0.0455 0.9555
0.8 0.0419 0.9581
1.0 0.0319 0.9681

Table S12. Calculated contribution ratios of capacitive and diffusion-controlled

behaviors for NFS/rGO-SDS-0.03 at different scan rates

Scan rate (mV s!) Diffusion Capacitive
0.2 0.093 0.9063
0.4 0.0737 0.9263
0.6 0.0605 0.9395
0.8 0.0515 0.9485
1.0 0.0420 0.9580

Table S13. Calculated contribution ratios of capacitive and diffusion-controlled

behaviors for NFS/rGO-SDS-0.06 at different scan rates

Scan rate (mV s') Diffusion Capacitive
0.2 0.1101 0.8899
0.4 0.0890 09110
0.6 0.0719 0.9281
0.8 0.0619 0.9381

1.0 0.0522 0.9478




Table S14. Comparison of representative sodium iron sulfate cathodes

Cathode Voltage (V) Capacity (mAh g1) Cycling stability Environmental stability
NayFe,(SOy); 81 ~3.8 101 (0.05C); 54 (20C) Not reported Not reported
NFS@C@2%CNTs S? ~3.5 95.9 (0.05C); 60 (10C) 94.7% after 250 cycles at 2 C Not reported
Na, sFe; 75(SO,)5/C S3 ~3.8 107.6 (0.1C); 65.3 (10C) 65.9% after 200 cycles at 1 C Not reported
Nay.o5Fer5(S04)3/C 34 3.75 82.0 (0.05C); 54 (10C) 92.2% after 1000 cycles at 10 C Not reported
Nays6Fe1 §7(SO4)3/rGO S5 ~3.7 96 (0.05C); 80 (10C) 65.32% after ~5600 cycles at 5 C Not reported
Na, 7,Feq 64(SO4)3/FG S0 ~3.8 110 (0.1C); 79 (15C) 80.7% after 15000 cycles at 15 C Not reported
Na, 4Fe; 3(SO4):/rGO S 3.75 100 (0.05C); 54 (30C) 58% after 10000 cycles at 10 C Not reported
Na, goFe; 70(SO4)3/rGO S8 3.74 80 (0.1C); 45 (10C) 73% after 500 cycles at 8 C Not reported
NayFe,(S0y4)3;/C/rGO S 3.75 107.9 (0.1C); 75.1 (10C) 80.1% after 800 cycles at 5 C Not reported
NagFes(SO4)o/rGO S10 3.8 102.2 (0.2C); 63 (50C) 91.9% after 1000 cycles at 10 C Not reported
NagFes(SO4)s/CNTs S1 3.74 110.2 (0.1C); 86.4 (2C) >100% after 1000 cycles at 2 C Not reported
Na, sFes(SO4), 5(PO4) /KB S12 3.6 112 (0.2C); 79.5 (20C) 88.8% after 10,000 cycles at 10 C 1 week in air, ~60% RH; stable
Nay gFe; 7(SO4)2.7(POy4)o3/AB 513 3.57 100.4 (0.1C); 86.7 (30C) 85.5% after 6000 cycles at 30 C 1 week in air, ~50% RH; stable
Nas 466F €1 724Mgo 043(S04)3/rGO S14 3.74 718 j‘z(z(égoang;)f) 70.8% after S000 cycles at S00mA g ;1};1 a;_f‘ iz/p"alzily drop
This work ~3.8 102.3 (0.1C); 81.5 (30C) 80.0% after 5000 cycles at 30 C 1 week in air, ~50% RH;

stable
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