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S1 Experimental part
[bookmark: OLE_LINK198]S1.1 Elemental composition analysis
The oxygen content of SiC fibrous membranes was measured by EMGA-820 oxygen and nitrogen analyzer. The carbon content was measured by EMIA-320V2 carbon-sulfur analyzer. The content of silicon element was determined by melting the sample with strong alkali for colorimetric analysis. Analysis of titanium content by Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES, Thermo ICP 6300).
[bookmark: _Hlk207724836][bookmark: _Hlk207723215][bookmark: _Hlk207723741]S1.2 Mechanical Strength Test
[bookmark: _Hlk208518923][bookmark: OLE_LINK14][bookmark: OLE_LINK19]The mechanical properties of the TiC-SiC fibrous membrane were quantified by Testometric Micro 350 tensile tester. The gauge length and width of the membrane specimens were 25 mm and 3 mm, respectively. The loading rate was 1 mm·min−1. The thickness was tested by using a digital fabric thickness gauge (YG141D, China).
[bookmark: OLE_LINK12]The stress (σ) was calculated by the following equation:
σ=F/(W×D)
Where the F, W and D are the load, width and the thickness of the fibrous membrane, respectively.
S1.3 Finite element analogy
[bookmark: OLE_LINK21]A finite element analysis software was used, and a microstructure generation algorithm based on Voronoi polygons was adopted to finally establish TiC-SiC composite model. The fiber diameter is 500 nm and the length is 30 μm. Typical uniaxial tensile boundary conditions were used to simulate the overall stress-strain response during the tensile process. The displacement control method was used for loading, and the maximum strain was set to 0.5. A fracture stop criterion was also set: once the principal strain exceeds the critical value, the element will fail, and the simulation will automatically enter the termination process.
[bookmark: OLE_LINK37][bookmark: OLE_LINK8]S1.4 Molecular Dynamics Simulations
[bookmark: OLE_LINK51][bookmark: OLE_LINK50][bookmark: OLE_LINK18][bookmark: OLE_LINK38][bookmark: OLE_LINK29][bookmark: OLE_LINK52]Molecular dynamics simulations were performed using LAMMPS 2024 to study the structural and mechanical properties of SiC and TiC-SiC systems. The initial atomic structures were obtained from the crystallographic information file (CIF) of SiC downloaded from a crystallographic database. SiC system: The interatomic interactions were modeled using the Tersoff potential, which accurately describes covalent bonding in SiC. TiC-SiC system: A hybrid potential combining the Tersoff potential for SiC and the Lennard-Jones (LJ) potential for Ti interactions was employed to capture the mixed bonding nature. The parameters for the hybrid potential were combined appropriately within LAMMPS. The system was first equilibrated at room temperature (298 K) using a timestep of 1 fs (0.001 ps). The thermal treatment followed a multi-stage process: Heating under an NPT ensemble (constant number of particles, pressure, and temperature) to 2073 K over 1 ns. Holding at 2073 K under an NVT ensemble (constant number of particles, volume, and temperature) for 1 ns to stabilize the high-temperature phase. Cooling back to 298 K under an NPT ensemble over 1 ns to obtain the relaxed pre-stretch configuration. The equilibrated model was further equilibrated at 298 K under NPT conditions for 1 ns with the same timestep. Subsequent uniaxial tensile deformation was applied at a strain rate of 0.005 Å/ps. Applying the elongation under an NVT ensemble for 200 ps to monitor the mechanical response at constant volume and temperature. Data analysis and visualization of atomic configurations and deformation behavior were conducted using OVITO software, enabling detailed structural interpretation and presentation of results.
Supplementary Figures and Tables
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Fig. S1 The synthetic route of PTCS precursor
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[bookmark: OLE_LINK48]Fig. S2 The optical photo of PTCS 
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[bookmark: OLE_LINK117]Fig. S3 FTIR spectra of the PTCS precursors
[bookmark: OLE_LINK75]Table S1 The Elemental composition and molecular weight of PTCS precursors
	[bookmark: OLE_LINK4]Sample
	Si content (wt%)
	C content (wt%)
	O content (wt%)
	Ti content (wt%)
	Mw
(g/mol)
	Mn
(g/mol)

	[bookmark: OLE_LINK25]PTCS-1
	57.8
	40.33
	1.50
	0.32
	5300
	1600

	PTCS-2
	57.1
	40.02
	2.05
	0.80
	7300
	2100

	PTCS-3
	55.9
	39.91
	2.73
	1.40
	10700
	2400
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[bookmark: OLE_LINK112]Fig. S4 Optical photograph of membrane consisted of (a) PTCS green fibrous membrane, (b) cured fibrous membrane, (c) Si-Ti-C-O fibrous membrane, (d) TiC-SiC fibrous membrane
[bookmark: OLE_LINK139]The influence of spinning voltage on fiber formation was investigated. When the environmental humidity was 50% and the liquid pushing speed was 2.5 ml/h, three spinning voltage parameters were set as: 16 kV, 20 kV, and 24 kV. At a voltage of 16 kV, the fibers showed a beaded shape, indicating that the fibers were not sufficiently stretched. When the voltage was increased to 20 kV, the fibers still contained spindles. As the voltage increased to 24 kV, the fibers were fully stretched during the spinning process, and the spindles disappeared. When the voltage was further increased, a discharge phenomenon occurred at the needle tip, making spinning impossible. Therefore, 24 kV was finally selected as the optimal spinning voltage.
[image: ]
[bookmark: OLE_LINK114]Fig. S5 SEM images of PTCS fibrous membranes obtained with different spinning voltage
[bookmark: OLE_LINK138][bookmark: OLE_LINK115]During the electrospinning process, the spinning rate was determined by the syringe pushing speed. When the environmental humidity was 50%, the pushing speed was 2.5 ml/h, and the spinning voltage was 24 kV, three pushing speeds were set as: 1.5 ml/h, 2.0 ml/h, and 2.5 ml/h. The experiment showed that when the solution pushing speed was too low, the speed at which the spinning solution accumulates at the needle tip was lower than the jet ejection speed, resulting in intermittent ejection of the solution at the spinneret, unstable spinning, and discontinuous fibers. When the solution pushing speed increased to 2.0 ml/h, a stable Taylor cone formed at the needle tip, and the jet was fully stretched and refined in the electric field, resulting in fibers with small and uniform diameters. When the solution pushing speed increased to 2.5 ml/h, the ejection became unstable, and the fiber diameters increased and became non-uniform.
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Fig. S6 SEM images of PTCS fibrous membranes obtained with different pushing speeds
[bookmark: OLE_LINK116]Further regulation was carried out around the spinning humidity, and the humidity was controlled at 20%, 40%, and 60% respectively. When the humidity was 60%, the shape of the fibers was irregular, and a large number of pores appeared on the surface. This is because in a high - humidity environment, the volatilization of the solvent was inhibited, and the surface tension of the spinning solution decreased, resulting in an increase in the fiber diameter. Moreover, as the solvent volatilization took away part of the heat, the temperature of the surface of the polymer solution jet was lower than the ambient temperature. Therefore, small droplets would be deposited on the surface of the jet. After the fibers hardened, pores would be left where the small droplets were located. When the humidity was 40%, the defects on the fiber surface were significantly reduced; when the humidity was reduced to 20%, the fiber surface was smooth with no obvious defects. When the humidity was further reduced, the solution solidified rapidly at the spinneret, causing the spinneret to clog and making normal spinning impossible. Therefore, the spinning experiment was finally carried out with the ambient humidity controlled at 20%.
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Fig. S7 SEM images of PTCS fibrous membranes obtained with different humidity
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[bookmark: OLE_LINK161]Fig. S8 The SEM images of PTCS fibrous membranes: (a-b) PTCS-1, (b-c) PTCS-2, (c-d) PTCS-3
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[bookmark: OLE_LINK134]Fig. S9 FTIR spectra of the PTCS fibrous membranes
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Fig. S10 The SEM images of AC-PTCS fibrous membranes: (a-b) AC-PTCS-1, (c-d) AC-PTCS-2, (e-f) AC-PTCS-3
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Fig. S11 FTIR spectra of the AC-PTCS fibrous membranes
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[bookmark: OLE_LINK163][bookmark: OLE_LINK162]Fig. S12 The SEM images of Si-Ti-C-O fibrous membranes: (a-c) Si-Ti-C-O-1, (d-f) Si-Ti-C-O-2, (g-i) Si-Ti-C-O-3
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[bookmark: _Hlk200041079]Fig. S13 Elemental mappings of the Si-Ti-C-O-3 fiber
Table S2 The elemental content of Si-Ti-C-O-3 fibrous membrane obtained by SEM-EDS
	Element
	Si
	C
	O
	Ti

	Content (wt%)
	39.85
	20.74
	36.96
	1.99
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[bookmark: OLE_LINK135][bookmark: OLE_LINK136]Fig. S14 XRD curves of Si-Ti-C-O fibrous membranes
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[bookmark: OLE_LINK137]Fig. S15 (a) XPS spectra of Si-Ti-C-O fibrous membranes, and (b) Ti 2p spectra of Si-Ti-C-O-3 fibrous membranes
[image: ]
Fig. S16 Raman spectra of Si-Ti-C-O fibrous membranes


[bookmark: OLE_LINK118]Table S3 The elemental composition of Si-Ti-C-O fibrous membranes
	Membrane
	Si (wt%)
	Ti (wt%)
	C (wt%)
	[bookmark: OLE_LINK87]O (wt%)

	Si-Ti-C-O-1
	56.17
	0.47
	34.98
	4.26

	Si-Ti-C-O-2
	58.15
	1.09
	35.57
	3.04

	Si-Ti-C-O-3
	52.69
	[bookmark: _Hlk208691911]2.04
	30.29
	2.93
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[bookmark: OLE_LINK164]Fig. S17 SEM images of TiC-SiC fibrous membranes: (a-c) TiC-SiC-1, (d-f) TiC-SiC-2, (g-i) TiC-SiC-3
[image: ]
Fig. S18 XRD curves of TiC-SiC fibrous membranes
The peaks at 1348 and 1585 cm-1 correspond to the D and G peaks of free carbon, respectively. The ID/IG radio (the intensity ratio of D peak versus G peak) of Si-Ti-C-O ﬁbers and TiC-SiC ﬁbers are estimated as 1.54 and 0.76, respectively, suggesting that the degree of graphitization of carbon increased after the high-temperature sintering.
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Fig. S19 Raman spectra of TiC-SiC fibrous membranes
[bookmark: OLE_LINK49][image: ]
Fig. S20 XPS spectra of TiC-SiC fibrous membranes
Table S4 The elemental composition of TiC-SiC fibrous membranes
	Membrane
	Si (wt%)
	Ti (wt%)
	C (wt%)
	O (wt%)

	TiC-SiC-1
	48.62
	0.50
	39.02
	0.34

	TiC-SiC-2
	51.80
	1.06
	39.86
	0.32

	TiC-SiC-3
	49.82
	[bookmark: _Hlk208691863]1.95
	39.76
	0.39


[bookmark: _Hlk208687055]According to the C 1s spectrum fitting results, the peak at 284.8 eV is attributed to the sp2 bond of free carbon, the peak at 283.5 eV is attributed to the C-Si bond of SiC, the peak at 282.8 eV comes from the C signal of C-Ti, and the peak at 286.0 eV comes from the C signal of C-O, which could be attributed to the residual O element inside the fiber [S1-S4].
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Fig. S21 C 1s spectrum of the TiC-SiC-3 fibrous membrane
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[bookmark: OLE_LINK113]Fig. S22 SAED pattern of the TiC-SiC fiber
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[bookmark: OLE_LINK159]Fig. S23 SEM image of the bended single TiC-SiC fiber
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[bookmark: OLE_LINK130]Fig. S24 The three-dimensional CT image reconstruction of TiC-SiC fibrous membrane
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Fig. S25 Schematic of the mechanical property test for the fibrous membranes
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[bookmark: OLE_LINK160]Fig. S26 SEM image of SiC fibrous membrane
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Fig. S27 XRD pattern of SiC fibrous membrane
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Fig. S28 TEM and elemental mapping images of the SiC fiber without Ti


[bookmark: _Hlk208692137][image: ]
Fig. S29 The average strength of different fibrous membranes
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[bookmark: OLE_LINK167]Fig. S30 The stress-strain curves of the mechanical tests for 5 times for the TiC-SiC-3 fibrous membrane

[bookmark: _Hlk212623388][image: ]
[bookmark: OLE_LINK165]Fig. S31 SEM images of the cross section of the fibers in different membrane
Table S5 The specific surface area and pore volume of the fibers
	Sample
	BET Surface Area (m2/g)
	Single point adsorption total pore volume of pores (cm3/g)
	BJH Adsorption cumulative volume of pores (cm3/g)
	BJH Desorption cumulative volume of pores (cm3/g)

	SiC
	16.7611
	0.039617
	0.035449
	0.038515

	TiC-SiC-1
	22.3529
	0.048533
	0.047291
	0.048505

	TiC-SiC-2
	36.8877
	0.194705
	0.193978
	0.193952

	[bookmark: OLE_LINK210]TiC-SiC-3
	3.9719
	0.024959
	0.023256
	0.024967
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[bookmark: OLE_LINK59]Fig. S32 Elemental mapping images of TiC-SiC-3 fiber
[image: ]
[bookmark: OLE_LINK60]Fig. S33 (a) Model diagram of finite element analysis, (b) TiC-SiC fiber fracture stress distribution map
[image: ]
[bookmark: OLE_LINK6][bookmark: OLE_LINK61]Fig. S34 Stress distribution of TiC-SiC fiber
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Fig. S35 Stress distribution of SiC fiber
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Fig. S36 Fracture curves from molecular dynamics simulations
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[bookmark: OLE_LINK166][bookmark: OLE_LINK125]Fig. S37 AFM image of the surface of the SiC fibrous membrane
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[bookmark: _Hlk208790004]Fig. S38 SEM image of the TiC-SiC ultrafine fibers in the membrane
[bookmark: _Hlk212623361][image: ]
[bookmark: OLE_LINK131][bookmark: OLE_LINK122][bookmark: OLE_LINK123]Fig. S39 SEM images and the statistics of diameter distribution: (a-b) SiC fibrous membrane, (c-d) TiC-SiC-1 fibrous membrane, (e-f) TiC-SiC-2 fibrous membrane
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[bookmark: OLE_LINK20]Fig. S40 Optical photograph of TiC-SiC fibrous membrane before and after being heated at 1800 ℃ for 5 h in argon atmosphere
[image: ]
Fig. S41 Optical photograph of TiC-SiC fibrous membrane before and after being heated at 1900 ℃ for 1 h in argon atmosphere
[image: ]
Fig. S42 Optical photograph of TiC-SiC fibrous membrane before and after being heated at 2000 ℃ for 30 min in argon atmosphere
[image: ]
Fig. S43 SEM images of TiC-SiC fibrous membrane after heat treatment at 1800 ℃ for 5 h in argon atmosphere
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[bookmark: OLE_LINK23]Fig. S44 SEM images of TiC-SiC fibrous membrane after heat treatment at 1900 ℃ for 1 h in argon atmosphere
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[bookmark: OLE_LINK22]Fig. S45 SEM images of TiC-SiC fibrous membrane after heat treatment at 2000 ℃ for 30 min
[image: ]
[bookmark: OLE_LINK3]Fig. S46 Demonstration of the flexibility of the original TiC-SiC fibrous membrane
[image: ]
[bookmark: OLE_LINK5]Fig. S47 Demonstration of the flexibility of the TiC-SiC fibrous membrane after heat treatment at 1800 ℃ for 5 h in argon atmosphere

[image: ]
Fig. S48 Demonstration of the flexibility of the TiC-SiC fibrous membrane after heat treatment at 1900 ℃ for 1 h in argon atmosphere
[image: ]
Fig. S49 Demonstration of the flexibility of the TiC-SiC fibrous membrane after heat treatment at 2000 ℃ for 30 min in argon atmosphere

Table S6 Comparison of maximum working temperature and tensile strength of TiC-SiC fibrous membranes and different membranes previously reported in literature
	Materials
	[bookmark: OLE_LINK32]Max working Temperature (oC)
	Tensile strength (MPa)
	Refs.

	[bookmark: _Hlk196765644][bookmark: OLE_LINK27]montmorillonite@ZrO2-SiO2 membranes
	~1000
	1.83 
	[bookmark: OLE_LINK30][S5]

	[bookmark: OLE_LINK17]TiO2 nanofibrous membranes
	800
	0.62 (Max)
	[bookmark: OLE_LINK42][bookmark: OLE_LINK31][S6]

	CNF-CNNS
	1700
	~1.9 
	[S7]

	[bookmark: OLE_LINK70][bookmark: OLE_LINK68][bookmark: OLE_LINK34][bookmark: OLE_LINK7][bookmark: OLE_LINK15]OUHS 3YSZ fibrous membranes
	1500
	[bookmark: OLE_LINK69]~3.5 (average)
	[bookmark: OLE_LINK33][bookmark: OLE_LINK26][bookmark: OLE_LINK11][S8]

	[bookmark: OLE_LINK65]OUHS TiO2 fibrous membranes
	1300
	[bookmark: OLE_LINK67]~1.2
	[S8]

	OUHS HfO2 fibrous membranes
	1500
	~1.6
	[S8]

	[bookmark: OLE_LINK66]OUHS Al2O3 fibrous membranes
	1300
	~2.0
	[S8]

	OUHS Y2O3 fibrous membranes
	1400
	~1.2
	[S8]

	[bookmark: OLE_LINK71][bookmark: OLE_LINK16]MgAl2O4 nanofibrous membranes
	1600
	1.94
	[bookmark: OLE_LINK13][S9]

	SiZrOC nanofibrous membranes
	1200
	0.82 (Max)
	[bookmark: OLE_LINK1][S10]

	[bookmark: OLE_LINK72]Ultrafine SiC fiber
	1900
	~0.32 (Max)
	[S11]

	This work
	2000
	2.1
	


It was noted that:
[bookmark: OLE_LINK9]1.CNF-CNNS: 2D ceramic nanofibrous membranes with a crosslinked nanofiber network structure (Al2O3-SiO2 nanofiber membrane)
2.OUHS: open ultrafast high-temperature sintering (heating/cooling rate = 10000 K min−1)
3YSZ: 3 mol% yttria-stabilized zirconia
3.The maximum operating temperature of the OUHZ 3YSZ fiber membranes fibers were not explicitly provided, therefore the preparation temperature at its highest strength is selected.
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Fig. S50 SEM images of the TiC-SiC fibrous membrane after heat treatment at 1200 ℃ for 1 h in air atmosphere
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[bookmark: OLE_LINK176]Fig. S51 Optical photos of the TiC-SiC fibrous membrane before and after oxidation at 1200 oC in air
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[bookmark: OLE_LINK177]Fig. S52 The stress–strain curve of the TiC-SiC ultrafine fibrous membrane after oxidation at 1200 ℃ for 2 h
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[bookmark: _Hlk209127307]Fig. S53 XRD pattern of the TiC-SiC fibrous membrane treated at 1200 ℃ for 2 h in air
[image: ]
Fig. S54 Optical photos of the TiC-SiC fibrous membrane before and after oxidation at 1400 ℃ for 1 h in air
[image: ]
Fig. S55 XRD pattern of the TiC-SiC fibrous membrane treated at 1400 ℃ for 1 h in air
[image: ]
Fig. S56 The stress–strain curve of the TiC-SiC fibrous membrane after oxidation at 1400 ℃ for 1 h
[image: ]
[bookmark: OLE_LINK100]Fig. S57 Optical photos of (a) the device heated by butane flame and (b-f) infrared photos during the heating process
[image: ]
[bookmark: OLE_LINK24]Fig. S58 Photos of the TiC-SiC ultrafine fibrous membrane (length: 3 cm, width: 1.5 cm, and weight: 0.0140 g) pulled by a weight of 20 g under continuous heating by the butane flame
[bookmark: OLE_LINK205][image: ]
[bookmark: OLE_LINK93]Fig. S59 Optical photos of the TiC-SiC fibrous membrane under bending process
[image: ]
[bookmark: OLE_LINK46][bookmark: OLE_LINK98]Fig. S60 Electric resistance–cycle responses of the TiC-SiC fibrous membrane under bending and relaxing
[image: ]
Fig. S61 The mechanical properties of the TiC-SiC fibrous membrane during bending process
[image: ]
[bookmark: OLE_LINK95]Fig. S62 Optical photos of the stacked TiC-SiC fibrous membranes under compression process
[image: ]
[bookmark: OLE_LINK104][bookmark: _Hlk208519688]Fig. S63 The mechanical properties of the TiC-SiC fibrous membrane during compression process
[image: ]
Fig. S64 Electric resistance–cycle responses of the stacked TiC-SiC fibrous membrane (after butane flame ablation for 60 s) under compression and relaxing
[image: ]
[bookmark: OLE_LINK47]Fig. S65 Optical photos of sensor devices assembled by the TiC-SiC fibrous membranes
Table S7 Detailed data list of radar chart
	Material
	Tensile strength
	[bookmark: _Hlk211974677]Working temperature in Ar (°C)
	Working time in Ar 
	[bookmark: OLE_LINK57][bookmark: OLE_LINK39]Oxidation resistance 
	[bookmark: OLE_LINK56]Pressure sensing performance
	Refs.

	Montmorillonite@ZrO2-SiO2 
	[bookmark: OLE_LINK43]1.83 MPa
	1000
	~10 min
	~1000 oC
	/
	[S5]

	[bookmark: OLE_LINK10]SiC
	/
	1800 
	[bookmark: OLE_LINK45]60min
	1400 oC
	100 cycles in room temperature
	[S12]

	[bookmark: OLE_LINK41]SiC@SiO2
	/
	600 
	~10min
	700 oC
	1000 cycles at room temperature (ɛ=30%)
	[S13]

	[bookmark: OLE_LINK55]SCNFM
	2.16 MPa
	700 
	120 min
	/
	/
	[S14]

	ZSNFA
	~1.8 MPa
	1100 
	~15 min
	~1300
	1000 cycles
(800 ℃)
	[S15]

	TiO2
	/
	[bookmark: OLE_LINK44]370 
	~1 min
	1300
	[bookmark: OLE_LINK53]10000 cycles (room temperature)
5 cycles (370 ℃)
	[bookmark: OLE_LINK28][S16]

	This work
	2.1MPa
	1800 
	300 min
	1200:60 min
1300: 60min
	[bookmark: OLE_LINK36][bookmark: OLE_LINK35]600 cycles (room temperature, ɛ=50%)
600 cycles (after butane blame, ɛ=50%)
	


It was noted that:
1.The stability of Submicron SiC fibers in the air was judged based on the fact that the mass increased 5.05 wt% according to TG.
2.The stability in the air of SiC@SiO2 nanofiber aerogel was based on alcohol lamp flame reported in the literature.
3. SCNFM refers to SiO2-carbon nanofiber membranes. The working temperature and time were selected based on the preparation temperature and time of membrane reported in the literature.
4. ZSNFA refers to ZrO2-SiO2 nanofiber aerogel.
5. In terms of pressure sensing performance, we comprehensively considered the combined factors of the number of cycles and the working temperature.
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