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1. Molten salt coating

Figure Sl illustrates the different steps involved in the molten salt process. First, the salt and the metal;
titanium and or chromium were homogeneously mixed using an agate mortar. The carbon fibers (CFs) were
then introduced into the salt/metal mixture and manually shaken. Subsequently, the mixture was deposited
on an alumina crucible, as shown in Step 1. The crucible was placed in a tubular furnace under an argon
flux at a temperature range between 800 and 950 °C for different time periods, ranging from 0.5to 5 h, as
illustrated in Step 2. When the oven cooled down, the salt was dissolved in boiling water. The coated CFs
were recovered by filtration, as illustrated in Steps 3 and 4. Finally, the coated CFs were dried in an oven
at 60 °C for 1 h.
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Figure. S1. Schematic illustration of the molten salt coating process: 1) mixing M (Ti, Cr, or Ti+Cr), KCI
salt, and CFs; 2) oven synthesis at 950 °C for 5 h; 3) salt dissolution in boiling water, 4) filtration and

recovery of coated CFs, and 5) drying coated CFs in an oven at 60 °C.

2. SEM micrographs of fibers surfaces

Figure S2 presents the fiber surfaces after being coated with M = titanium (Ti) (TiC), chromium (Cr) (Cr3Cy),
or Cr + Ti (CrsC,-TiC-CrsCy). As can be noted, the coated layers are homogenous on all fibers for each

coating.



Figure. S2. SEM micrographs of the fibers’ surface for (a) M= Ti (TiC), (b) M= Cr (Cr3Cy), and (c) M = Ti+
Cr (TiC—Cr3C2-TiC).



3. XRD diffractogram after salt quenching

In addition to the SEM micrographs presented in Fig. 3, the products were studied by XRD, as presented
in Fig. S3. It can be noticed that after a few seconds of coating, Cr3C, and TiC peaks were observable with
the presence of titanium oxide (TiOx) and Cr (unreacted powders). After 10 min, peak intensities of TiC
increased while Cr3C, peaks decreased. The change in the intensity was presumably due to the creation
of the TiC layer above the inner CrsC; layer. After 20 min, the TiC peaks reached their maximum. No TiOy
was observed, suggesting their complete reaction. However, peaks from Cr powders were still noticed.
After 30 min, the peaks from Cr3C; increased; and the TiC peaks decreased (due to the formation of Cr

carbide above them). Also, Cr powders were noticed, suggesting their partial reaction.
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Figure. S3. XRD diffractogram of the quenched CFs after salt dissolution for different coating times
between 0 and 30 min.

4. Kinetic growth of TiC and Cr3C; systems

The kinetic growth of single carbides (M= Ti, Cr) was studied at different temperatures and times ranging
from 800 to 950 °C for 1 to 5 h, respectively. After coating under different conditions, the coating thicknesses
on the CFs were measured from the cross-sectional views of the coated fibers (Fig. S4 and S5) and plotted
in Fig. S6. As can be seen, a linear relationship between the thickness of the carbide layers and the square
roots of the coating times was found. In classical kinetics, it can be described by the following equation (1,
2):



x = VDT, (1)
where X is the thickness of the carbide layer [cm], tis the time [s], and Det is the effective diffusion coefficient
[cm?/s]. The Der was retrieved from the slopes of the curves under all conditions. It was found that the De
varied from 3.8.10%° to 1.3.10! m?%/s and 3.6.103 to 4.4.10'1> m?/s in the temperature range of 800 to 950
°oC for TiC and Cr3Cy, respectively. Likewise, Cr had an effective diffusion coefficient similar to Ti at 800 °C
and was three times larger at 950 °C. These values confirm that the diffusion of Cr was faster than Ti in

molten potassium chloride (KCI) at 950 °C.
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Figure. S4. BSE mode SEM cross-sectional views of CFs coated with TiC for 1 to 5 h at 800, 850, 900,
and 950 °C for different times between 0.5 and 5 h.
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Figure. S5. BSE mode SEM cross-sectional views of CFs coated with Cr3C; for 1 to 5 h at 800, 850, 900,
and 950 °C for different times between 1 and 3 h.
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Figure. S6. Coating thickness vs. square root of time for (a) M = Ti (TiC) and (b) M = Cr (CrsCy).

5. Oxidization tests of TiC, Cr3C,, and Cr3C,; — TiC — Cr3C>

Raman spectroscopy was performed to identify the oxidation reaction of carbide layers before and after
being subjected to the oxyacetylene flame. Figure S7a presents Raman spectra before and after the
oxidation test for M = Ti (TiC). Before the oxidation test, peaks around 262, 394, and 602 cm™ were
observed and attributed to TiC (3). After the oxidation test, the TiC peaks remained but with an additional
peak at 146 cm™ attributed to titanium dioxide (TiOy) (4). Figure S7b shows the Raman analyses for M =



Cr (CrsCy). No peaks were found on the coated layer due to the absence of the Raman signal for Cr
carbides. Nevertheless, after the oxidation test, two peaks appeared around 548 and 856 cm that were
attributed to Cr,O3; and CrOs, respectively (5). Finally, Fig. S7c shows the Raman spectra for a coating
using M = Ti + Cr. Before the oxidation test, small peaks of TiC were observed, while after the oxidation

test, a peak around 548 cm™ appeared and was attributed to Cr,O:s.
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Figure S7. Raman spectra before and after the oxidation test for (a) M =Ti, (b)) M=Crand (c) M =Ti +
Cr.



Figure S8, S9 and S10 present SEM micrographs, EDS analysis of the coated CFs with M =Ti, Cr, and Ti
+ Cr after fire exposure. As can be observed, when M = Ti and Cr, about 70 % at. Impart for oxygen at the
surface of the coating, implying the formation of oxide. However, when M = Ti + Cr, the quality of oxygen
drops to 40 at.% and where it is preferentially located where Cr is detected (Figure S10 (c)).
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Figure S9. (a) SEM micrographs of coated CFs with M = Cr after fire exposure, (b) EDS maps of the
coated CFs, and (c) EDS quantification of EDS map area



\

e <

Element Wit% Atomic %
________ o 19.50 43.01

Ti 41.05 30.23

Cr 39.45 26.76

Figure S10. (a) SEM micrographs of coated CFs with M = Ti + Cr after fire exposure, (b) EDS maps of
the coated CFs, and (c) EDS quantification of EDS map area

In addition, structural information on the virgin CFs and CFs with multilayer coating after fire exposure were
characterized using Raman spectroscopy. The Raman spectra of CFs in Figure S11 show two peaks
around 1350 and 1580 cm™ related to disorder/defects in the carbon structures and ordered graphite
structure which are named D- and G-bands, respectively (6). Based on the D- and G-band ratio (Io/lg), the
graphitization of the CFs can be estimated. It was found that the Ip/lg ratio was about ~0.9 for the original
CFs and those after the oxidation test. This result implies that the structures of the CFs remained intact
after the fire test and thus, demonstrate the high fire-resistance performance of the multiyear coating as on

the carbon materials.
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Figure S11. Raman spectra of original CFs and multilayer coated fibers after fire exposure.
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