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Supporting Information contains:

Supplementary Figure S1-S12, Equations Eqs1-Eqs6 and Table S1-S4

(a) (b)

Figure S1. Optical photographs of the electrospinning collection process at (a) RH = 45% and (b) RH = 25%.

(a) (b)

Figure S2. Optical and SEM observations of precursor deposition under different relative humidities. (a,b) Optical photographs of precursor
deposits collected at a spinning distance of 3 cm under (a) 30% RH and (b) 50% RH. (c,d) SEM images of the corresponding deposits after
standing for 1 hunder (c) 30% RH and (d) 50% RH. The high-humidity condition suppresses fiber formation and leads to a gel-like morphology,

supporting delayed gelation.
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Figure S3. In the FTIR spectrum, the bands at 808 and 1089 cm™ are attributed to the vibrations of Si—-O—Si and Si—O—Al bonds in the mullite-

related aluminosilicate framework.
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Figure S4. Empirical relationships between relative humidity (RH) and structural parameters: (a) average pore size and (b) bulk density. Error

bars represent standard deviations.
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Figure S5. Tensile fracture curve of GMNF.
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Figure S6. Thermal conductivity of GMNF after isothermal treatment at 1100 °C for different durations (0, 5, and 10 h). Error bars represent

standard deviations.
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Figure S7. TG curve of GMNF.
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Figure S8. N: adsorption—desorption isotherm of GMNF.
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Figure S9. Sound absorption coefficients of samples with different structural configurations: (a) absorption coefficient curves; (b)

corresponding average values.
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Figure S10. Sound absorption coefficients of samples with different thicknesses: (a) absorption coefficient curves; (b) corresponding average

values.
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Figure S11. Retention of sound absorption performance after extreme-temperature treatments, calculated based on NRC and Average(a). The

untreated sample is set as 100%.
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Figure S12. (a) Time-dependent SPL curves of the blank pipe, commercial acoustic cotton, and GMNF samples with different thicknesses

under air compressor noise.(b) Corresponding SPL reduction values calculated from the average SPL of the blank pipe.



Supplementary Equations

Empirical relationships between relative humidity and structural parameters:

The dependence of bulk density and average pore size on the relative humidity (RH) can be expressed using linear regression as:
p=0.613-RH - 9.255(R2 =0.996)# (S1)

d=-0.2245-RH + 12.844(R2 =0.939)# (S2)

where P, 4, and RH denote bulk density, average pore size, and relative humidity, respectively. Increasing RH leads to higher bulk density and

. . . . . 2
reduced pore size, with strong linear correlations confirmed by the high R” values.

Thermal shielding efficiency calculation:

The thermal shielding efficiency (1) was calculated based on the steady-state temperature distribution using the following equation:

Tn..—T
hot cold
n=———XxX100%#(S3)
Thot ~ ! ambient
where ThOt, TCOld, and T ambient represent the hot-side temperature, cold-side temperature, and ambient temperature, respectively. All

temperatures were obtained under steady-state conditions during the butane flame heating test.

Classical surface impedance model for a rigidly backed porous layer:

For a rigidly backed single-density porous layer, the surface impedance is classically written as:
Z,=-jZcot(k.d)# (S4)
Z, jZ, k

where ¢, "¢, and d denote the surface impedance, characteristic impedance, complex propagation constant, and sample thickness,

respectively. This expression indicates that the acoustic response is governed by both the intrinsic impedance characteristic and the propagation

behavior within the porous layer. Consequently, structural variations can modify the frequency evolution of ZS, which in turn affects the

absorption peak position, bandwidth, and intensity.

Normalization method for radar chart:
To compare parameters with different units, all values were normalized using min—max scaling. For parameters with positive contribution, the

normalized value was calculated as:
X-X_.
' min
X=——#(S55)
X max ~ X min
For parameters with negative contribution, the normalized value was calculated as:
-X

X=—T"___ 4(s6)

X max "~ X min
where X , X | Xomin and Ximax denote the normalized value, original value, minimum value, and maximum value among the compared samples,
respectively. Positive-contribution parameters refer to properties where higher values indicate better performance, while negative-contribution

parameters refer to properties where lower values are preferred



Supplementary Tables

Table S1.Comparison of fabrication strategies and acoustic—thermal performance of representative porous fibrous materials

Thermal
Material Strategy Conductivity NRC REF
(W m'!K")
Gradient Mullite Nanofibrous One-step
0.024 0.61 This work
Aerogels electrospinning
Gradient PSU/PVDF Multi-stage 0.53 |
Micro/Nanofibrous Sponges electrospinning ’
PU/PS Composite Fibrous Multi-stage 0.57 5
Sponges electrospinning ’
AS-Based Aerogel Fiber Multi-stage
0.029 0.57 3
Metafabrics electrospinning
Multi-stage
Porous PMMA Fibrous Sponges o — 0.57 4
electrospinning
CNC-Based Dual-Network Freeze-drying-based 0.58 s
Ceramic Nanofibrous Aerogels fabrication ’
Bilayer-Coupled SiO: Freeze-drying-based 0.58 6
Nanofibrous Aerogels fabrication ’
Multiscale Composite Freeze-drying-based
0.028 0.40 7
Nanofibrous Aerogels fabrication
Multistage-Porous Aramid Freeze-drying-based
0.037 0.52 8
Nanofibrous Aerogels fabrication
SiO: Nanofiber-Based Aerogel Freeze-drying-based
0.035 <0.6 9
Fiber Papers fabrication
Freeze-drying-based
Graphene Aerogel 0.023 0.50 10

fabrication

Table S2. Performance comparison between GMNF and other high-temperature-resistant porous ceramic fibers.

Density (mg Thermal Conductivity (W
Material REF
cm?) m! K1)
Gradient Mullite Nanofibrous
15 0.024 This work
Aerogels
BaTiO;/AlLO; aerogel 30 0.028 11
Silica/Zirconia aerogel 120 0.034 12
AlLOs fiber reinforced ceramic 130 0.036 13
Mullite fiber phenolic aerogel 52 0.310 14
SiC aerogel 19 0.023 15
SiC /Si0, aerogel 40 0.026 16




Table S3. Layer thickness distribution of samples with different structural configurations

Group RH=25 RH=35 RH=45
1 2mm 15mm 13mm
2 Smm 15mm 10mm
3 10mm 10mm 10mm

Note: The thickness of each layer was controlled during fabrication, and the reported values represent the designed thicknesses.

Table S4. Detailed data of the materials used in Fig. 4h

Thermal maximum
Density
Material Conductivity service NRC REF
(mg cm™)
(W m1 K1) temperature
Gradient Mullite
15.00 0.024 1100 0.61 This work
Nanofibrous Aerogels
SiO,/Polyarylether Aerogel 24.15 0.028 400 0.51 17
Measured in
Commercial Glass Wool 20.00 0.028 500 0.56

this work

Rubber Aerogel 91.00 0.035 250 0.56 18

Pectin Aerogel 50.00 0.032 105 0.41 19

Graphene Aerogel 17.30 0.023 350 0.50 10

Natural Biodegradable Fiber 27.00 0.048 355 0.41 20

Mullite Aerogel 72.00 0.030 1000 0.56 21
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