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EXPERIMENTAL PROCEDURES 
Preparation of wGF: A 2 x 30 cm2 wGF fabric was immersed in a 1 M NaOH ethanol solution overnight. The wGFs 

were then sonicated in acetone, latter in ethanol and finally in MQ-water (10 min each). Finally, wGFs were dried in an 
oven at 50°C for 10 min.  

Preparation of Silica thin film coatings: Silica thin films showing different structure were produced by following 
our recently reported approach (SimGF SiMGF and SiGGF) [1]. SimGF and SiMGF were produced by following a mod-
ified Stöber approach where suitable coatings allow for the production of a microporous or a mesoporous struc-
tures[2,3]. Samples were labeled SimGF- and SiMGF-wGF respectively (See Figure S1a-d). To grow an interconnected 
porous structure (gel) on top of the wGF, a sol-gel approach was modified [4]. The presence of an interconnected porous 
network would provide higher specific surface area and a better physical interlocking between the GF and the polymer 
matrix. Details of the process are published elsewhere [1]. The sample was labelled SiGGF-wGF (See Figure S1e-f). 

Preparation of reduce graphene oxide (rGO)aerogel thin film coating: A rGO gel was grown on top of wGFs by 
performing a sequentially feeding gelating process in solution [5]. First, a 20 mL GO nanosheet feeding solution (0.25 
mg/ml in MQ-water) was prepared by mixing a commercial solution of GO nanosheets (Graphenea S.L. 10 mg/mL) and 
MQ-Water in a 100 mL vial. Separately, a 20 mL solution containing the gelating/gelling agent was prepared by mixing 
ethylenediamine (EDA, sigma Aldrich, St. Louis, MO, USA) in water (1.5 mM final EDA concentration). Once the solu-
tions were prepared, a 2 × 5 cm2 of activated wGFs fabric was placed inside the feeding solution and aged in an oven at 
80 °C for 1 h. Then, the fabric was removed, rinsed with MQ-water, and placed in the gelating/gelling solution. After 
aging the fabric for 1 h at 80 °C in an oven, this was removed and rinsed with MQ-Water. The fabric was placed again 
in the feeding solution and the cycle was repeated at least two times more. After three cycles, the fabric was placed in a 
petri dish, covered with water and placed in a fridge (−20 °C). Once the water was completely frozen, the petri dish was 
placed in a freeze dryer and left drying for two days (see Figure S1g,h). 

Structural and physical characterization of modified GF: The surface morphology of modified wGF was charac-
terized by low and high magnification scanning electron microscopy (SEM) using a Zeiss AURIGA operating at 4 kV. 
A piece of wGF fabric was placed onto carbon tape and coated with a copper thin film by sputtering to improve electrical 
conductivity. Specific surface area and porosity measurements were carried out by nitrogen physisorption at 77 K in a 
Micromeritics TriStar II machine. Prior to measurements, samples were degassed for 6 hours at 250 °C under nitrogen 
flow to eliminate weakly adsorbed molecules. The specific surface area was calculated using the multi-point Brunauer–
Emmett–Teller (BET) model, considering 11 equally spaced points in the P/P0 range from 0.05 to 0.30. The pore size 
distribution was evaluated from the desorption branches of isotherms according to the Barrett–Joyner–Halenda (BJH) 
method [6]. 



 

 

 

Figure S1. SEM micrographs of SimGF (a, b), SiMGF (c, d), SiGGF (e, f) and GGF (g–h). A part from SimGF, the thin film 
structure can be easily observed. For all samples, specific surface area values (Table 1) reveal an increase over the total 
surface area compare to pristine GF and hence the formation of a porous thin film coating. All scale bars represent 2 μm. 



 

 

 

Figure S2. Scheme of (a) the sample preparation using a home-made sample holder and (b) the pull-out test set up. For 
the pull-out test, samples were placed in a steel holder (c) and the stage was moved in order to keep GF bundle parallel to 
the table before starting acquiring the displacement vs voltage curve. Side (d) and top (e) views of the experimental setup 
for pull-out test. Note that the load cell is attached to a fixed platform while the extreme of the fiber bearing the epoxy 
drop is attached to a metal holder placed on a XY translation stage. 

 

Figure S3. Schematic view of three fracture modes along a crack: Mode I is the opening mode, mode II is the shearing 
mode in the crack plane, and mode III is the tearing mode. 



 

 

 
Figure S4. Force-displacement curves for pull-out tests carried out on all samples: (a) pristine GF, (b) SimGF, (c) SiMGF, 
(d) SiGGF, (e) GGF. Each test includes at least 15 measurements. 

 



 

 

 

Figure S5. SEM images for the (a) side view of a bundle GF embedded into an epoxy drop and (b) top view of an epoxy 
drop after pull-out test. 

 

Figure S6. Complete SEM characterization of the failure regions after pull-out test for: (a) GF, (b) SimGF, (c) SiMGF, (d) 
SiGGF, and (e) GGF composites. 
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