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TGA curve of Fe-PDA under air atmosphere (Figure S1) clearly shows that the
decomposition of Fe-PDA mainly happens above 150 °C (which is the second stage curing

temperature for EP composites) in air.
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Figure S1. TGA curve of Fe-PDA under air atmosphere.

Figure S2. TEM, HAADF image and Fe element mapping of (a-c) Fe/C-PDA-5, (d-f)

Fe/C-PDA-10.
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Figure S3. (a) TEM image, (b) HAADF image, element mappings and (c) EDS spectra of

DOPO@Fe-PDA.

1400 035
000 ——ep R o
e 1200 —— EP/3Fe-PDA 1= 0.30 -
= ot —_—
= 1000+ EPSDOPO@FePDA | 3¢ 25 —a— EP/3Fe-PDA
5 o —— EP/3DOPO@Fe-PDA
T 800 - .5 0.204
@ ©
@ 6001 20154
2 o
[} o
£ 400+ o 0.10-
(0] iy
3] [<]
I 200 £ 0.054
w
0 : ¢ ; . : 0.00 : : T : 7
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Time (s) Time (s)

Figure S4. (a) HRR, (b) SPR curves of EP, EP/3Fe-PDA and EP/3DOPO@Fe-PDA.



As seen from TGA results in Figure S5, Fe-PDA and DOPO@Fe-PDA showed similar

carbonization effect in epoxy.
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Figure SS5. TGA results of EP, EP/3Fe-PDA and EP/3DOPO@Fe-PDA in N, atmosphere.
Digital photos of the char residues show an apparent difference between neat EP and the
flame retardant composites. The compact and multiple layered char acts as an effective
physical barrier to protect the underlying polymeric substrate. The red color of the surface
layer is attributed to the formation of iron oxides when exposed directly to air under a high

temperature.

Figure S6. Digital photos of residues after cone calorimeter test from top and side views

for (a,e) EP, (b,f) EP/1Fe-PDA, (c,g) EP/3Fe-PDA and (d,h) EP/5Fe-PDA.



Figure S7. High-magnification SEM images of residues for (a) EP/1Fe-PDA, (b) EP/3Fe-

PDA and (c) EP/5Fe-PDA.

The char residue of EP/3DOPO@Fe-PDA showed a compact and dense morphology in
digital photos (Figure S8a and b) and SEM images (Figure S8d-f), which was responsible
for the reduced heat release rate in cone calorimeter test. Raman curve (Figure S8c) of
residue from EP/3DOPO@Fe-PDA exhibited a low Ip/I; value of 2.0. The differences in
line shapes of Raman spectra and SEM morphologies between residue from EP/Fe-PDA
and EP/DOPO@Fe-PDA indicated the different char formation processes during
combustion. In EP/3DOPO@Fe-PDA, the phosphorus remaining in the condensed phase
helped reduce the heat release rate by enhancing the charring of polymer and formation of
stable polyphosphate structures, which is well understood in other researches related to

phosphorus based polymer flame retardancy.S!
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Figure S8. (a,b) Digital photos, (c) Raman curve and (d-f) SEM images of char residue

from EP/3DOPO@Fe-PDA.
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Figure S9. (a) Storage modulus and (b) Tan Delta curves of EP and its nanocomposites.
The influence of Fe-PDA on the curing of EP was investigated by DSC testing. From the
dynamic DSC curves (Figure S11) of EP and its nanocomposites, it can be seen that the
exothermic peak corresponding to curing reaction appears at 165.1 °C for neat EP. The
exothermic peak decreases and shifts to a lower temperature for EP/Fe-PDA

nanocomposites, indicating the addition of Fe-PDA promotes the curing reaction of EP.5>S3



It is worth noting that abundant catechol moieties and amino groups exist in polydopamine

materials,*33 which can act as catalyst for the curing reaction of EP.56:57
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Figure S10. Non-isothermal DSC curves of the curing reaction of EP and its

nanocomposites.

Figure S11. SEM images of freeze-fractured surfaces for (a,b) EP and (c,d) EP/3Fe-PDA.
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