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Abstract 

This paper reports on a new biomimetic method for modifying carbon fibre surface aiming to improve the 

bonding between the fibre and an epoxy resin system. Inspired by the composition of adhesive proteins in 

mussels, dopamine was utilised in the process that was allowed to be self-polymerised onto the carbon fibre 

surface via π-π interaction to form a nano-thin surface-adherent polydopamine (PDA) layer. Graphene oxide 

(GO) was also grafted on the carbon fibre to increase interfacial strength of the composites. The fibre surface 

treatment and modification were performed at ambient temperature, which is non-damaging to the fibre. The 

chemical deposition and functional groups on the fibre were characterised by X-ray Photoelectron 

Spectroscopy, while the chemical structure of solution and fibre were investigated by Raman Spectroscopy. 

Micro-bond tests showed that the fibre/resin interfacial shear strength (IFSS) was increased by almost 70%, 

while the tensile strength of the GO-PDA carbon fibre improved by approximately 80%. The research 

indicated that π-π interaction-based fibre modification has the potential of improving crack resistance of fibre 

reinforced polymer composites, preventing or delaying matrix cracking and delamination that can affect their 

fatigue performance. 
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1. Introduction 

Carbon fibre reinforced plastics (CFRP) have been widely used in aerospace, automobile, defence industries 

and high quality consumer products due to their high specific strength, modulus, lightweight and flexible 

design [1]. The composite performance depends on the properties of its constituents and on the properties of 

the interface between the polymer matrix and reinforcing fibres [2]. Two main damage mechanisms have 

been identified in multi-layered composite plates; one occurs within the lamina (intra-laminar), in the form of 

resin cracking and fibre breakage, while the other mode is ply separation or delamination, termed as inter-

laminar cracking [3]. Much effort has been invested into optimisation of composite interfacial properties. In 

the case of carbon fibre composites that are widely used for different structural applications, the surface of 

the carbon fibre is chemically inert, and the manufactured reinforced polymer composite does not always 

achieve expectations derived from the properties of its constituents [4-7]. Hence, it is of particular 

importance to achieve good bonding between fibre and matrix. Fibre surface modification has been critical to 

improve composite interfacial properties and ultimately structural performance. 

In general, the fibre surface modification process concentrated on achieving high specific area, good 

chemical activity and superior mechanical properties. As a new development, 2D materials such as graphene 

oxide (GO) have attracted interest since it offers a high specific area with flexibility in addition to attractive 

mechanical properties, thermal and electrical conductivity [8-11]. Graphene oxide is chemically more active 

with the fibre and epoxy resin than graphene due to the epoxide and hydroxyl groups within the GO sheets 

and carbonyl and carboxyl at the edges of these sheets [12-14]. Therefore, this 2D material can provide 

enhanced mechanical interlocking at fibre-matrix interface, and fibre surface modification with GO appears a 

reasonable approach [15]. 

Various other techniques have been used and studied for carbon fibre surface modification, including plasma 

treatment, wet oxidation, electrochemical oxidation, γ-ray irradiation, ultrasonic treatment, chemical grafting 

and etching [16-21]. However, these are multistep procedures requiring complicated and costly instruments 

[22-24]. More importantly, these surface treatments are limited to strict reaction conditions and in some 

cases the use of toxic materials may damage fibre surface and ultimately reduce fibre strength [17, 25-27]. 

A versatile and non-damaging route for modifying carbon fibre surface was developed in this work by using 

polydopamine (PDA) with the graphene oxide (GO) grafted on the fibre. PDA is a bio-inspired polymer, 

derived from the adhesive proteins in mussels [28-31]. It is shown that dopamine can self-polymerise and 



generate a PDA coating, which bonds to fibre surface and introduce functional groups under mild 

temperature, pH and time conditions [28, 32-35]. This research examines and quantifies the effect of PDA 

coating and GO grafting on interfacial properties and tensile strength of a carbon fibre.  The morphology and 

the chemical properties of the coatings were investigated, and the mechanical properties of the modified 

fibres were measured by the single fibre tensile test. The interfacial property between carbon fibre and epoxy 

resin was characterised by the microbond test.    

2. Experimental details 

2.1 Materials 

The carbon fibres used in this research were type A-42 from AKSACA (USA) and treated by acetone to 

remove the manufacturer’s sizing (a proprietary right), and the de-sized carbon fibres were marked as 

untreated fibre in this research. Dopamine hydrochloride, epoxy (AY103) and hardener (HY951) were 

purchased from Sigma-Aldrich® (UK), while the Tris(hydoxymethy)aminomethane (Tris) was acquired 

from Alfa Aesar Company (USA). Graphene oxide water dispersion (TM-01LI-06) was purchased from the 

Institute of Coal Chemistry, Chinese Academy of Sciences (China). 

2.2 Fibre surface modification process 

Dopamine solution was prepared by dissolving dopamine (2 mg/mL) in Tris-HCl buffer solution (1.2 

mg/mL) and the pH was controlled at 8.5. The de-sized carbon fibre bundles were immersed in the self-

oxidised dopamine solution. The surface treatment time were controlled for 1, 6, 12, 18 and 24h, and the 

corresponding coated samples were coded as PDA 1h to PDA 24h, respectively.  

For the GO-PDA treatment, the de-sized carbon fibre bundles were immersed into the dopamine solution and 

0.1 mg/mL GO solution was added into the mixture. The treatment time were also controlled for 1, 6, 12, 18 

and 24h and the corresponding coated fibres were coded as GO-PDA 1h to GO-PDA 24h, respectively.  

The specimens were then taken out of the solution, rinsed with distilled water three times, and dried in oven 

at 60 ºC for 24h. The schematic of carbon fibre preparation process is shown in Figure 1. Two types of 

control specimens were prepared. GO-direct carbon fibre was prepared by immersing a bundle of carbon 

fibres into 0.1 mg/mL GO solution for 24h, while the H2SO4 carbon fibre specimen was created by 

submerging the carbon fibre bundle in 98% sulfuric acid at ambient temperature for 24h.  

2.3 Preparation of carbon fibre/epoxy micro-droplet composites 



One single carbon fibre was randomly chosen from the treated fibre bundle and set up to a rectangular frame. 

Then, a small droplet of epoxy resin and (AY103) and hardener (HY951) mixture was placed on the fibre 

using a needle point. The resin micro-droplet was cured at room temperature for 24h. 

2.4 Analysis and characterisation techniques 

The morphology of carbon fibre surface was studied by a Scanning Electron Microscope (Ultra-55 SEM, 

ZEISS, Germany). The carbon fibre samples were sputter-coated with gold before observation. The surface 

morphology of the coatings was measured by Atomic Force Spectroscopy (Dimension 3100 AFM, Veeco, 

USA) with the AFM probe type of TESPW-V2 (Bruker, USA). The tapping mode was chosen because of the 

soft nature of the polymer layer.  

The chemical structures of solution and fibre were investigated by Raman spectroscopy (Renishaw System 

1000 Raman Spectrometer, Renishaw) with Modu-Laser 514nm Argon-ion laser and the Fourier transform 

infrared spectroscopy (FTIR, Nicolet 5700, USA). 

The chemical composition and functional groups on fibre were characterised by X-ray Photoelectron 

Spectroscopy (XPS, Kratos Axis Ultra Hybrid, Shimadzu, Japan) equipped with a monochromatic source of 

Al Kα, with base pressure below 5×10-8 mbar and spot area of 300 µm × 700 µm. The binding energy peaks 

were calibrated with C1s at 284.8 eV as reference. 

The interfacial shear strength (IFSS) was measured by performing the microbond test 31. The IFSS between 

the single fibre and resin is given in Equation (1): 

                                      IFSS =
F

πdfLe
             (1) 

where F is the failure tensile load, df is the fibre diameter and Leis the embedded length in the resin.  

The single fibre tensile test was conducted on Instron 1122 with a 5N load cell. According to ASTM D 3379-

75 [36], the test was carried out at a constant speed of 1 mm/min. For each type of fibre examined, ten tensile 

tests were performed and the average strength and elastic modulus were obtained. 

3. Results and discussion 

3.1 Fibre surface characterisation 

Figure 2 displays the characterisation results of the fibre surfaces. The surface chemical structures of 

untreated, PDA treated and GO-PDA treated carbon fibre were detected by FTIR and Raman spectroscopy. 



The FTIR results were showed in Figure 2 (a). The peaks appear at 3000-3500 cm-1 correspond to the 

asymmetric stretching vibrations of N-H and O-H bonds, while the ones at 2921 and 2852 cm-1 reflect the 

stretching vibrations of the C-H bonds. The peaks at 1620 cm-1 corresponded to C=C stretching vibration of 

indole. For the PDA-carbon fibre, the peaks at 1200, 1137 and 1060 cm-1 indicate the C-O bonds. There were 

no new peaks after PDA and GO-PDA treatment, only the intensity of the C-O group of PDA-carbon was 

higher than the C-O group intensity of untreated and GO-PDA-carbon. The FTIR results confirmed the 

successful coating of the carbon fibre surface. Compared to the untreated fibre, the chemical structure of the 

fibre under both PDA and GO-PDA treatment did not show any obvious change. The analysis confirmed that 

the PDA and GO-PDA treatment did not break the fibre bulk structure. 

The Raman spectra of the fibre surfaces were shown in the Figure 2 (b). For the untreated carbon fibre, the 

Raman spectrum displayed two main characteristic peaks, which are important indicators of the structural 

defects in carbon-based materials. The D band at 1365 cm-1 corresponds to the conversion of sp2-hybridized 

carbon to sp3-hybridized carbon originated from the destruction of sp2 structures of graphite or the covalent 

attachment of functional groups [37, 38]. The D band is associated with amorphous carbon atoms, activated 

by some defects, such as edges, functional groups or structural disorders. The G band at 1591 cm-1 is 

intrinsic of graphite structure, corresponding to a well-defined sp2-bonded carbon type. In the PDA treated 

carbon fibre Raman spectrum, there are three main characteristic peaks. The D band and G band are around 

1381 cm-1 and 1575 cm-1, respectively. The band around 2830 cm-1 is designated as the G’ band (or 2D), 

which was induced by a double-resonance effect and the overtone of the D band. The sharp G’ peak was 

always obtainable in almost defect-free samples [25, 39]. Thus, as coated by a low ordered graphitic 

material, the PDA-carbon fibre showed a dispersive G’ band. Comparing PDA-carbon fibre with untreated 

carbon fibre, the shift of the D and G bands imply that the PDA coating fully covered surface of untreated 

carbon fibre. Also, the integral area ratio of D peak intensity to G peak intensity (ID/IG) was used to assess 

the degree of graphitisation, and it is understood that a higher ID/IG ratio indicates more defects and disorders 

of the graphitic materials [40, 41]. The ID/IG ratio of untreated carbon fibre was 2.54, while for PDA-carbon 

fibre, the ID/IG ratio decreased to 0.55. The lower ID/IG ratio of PDA-carbon fibre suggested the formation of 

PDA molecules decreased the degree of disorder and the amorphous carbon atom number of carbon fibre 

surface. For the GO-PDA-carbon fibre, the D and G bands are around 1334 cm-1 and 1586 cm-1, respectively. 

The Raman signal of PDA layer is weak compared to the signal of GO, and therefore the GO-PDA signal 

mainly showed the peaks of GO. The results showed that the ID/IG ratio of GO-PDA-carbon was 1.53, and 



that the G’ band appeared at around 2830 cm-1, both of which indicated the successful coating of PDA and 

GO-PDA on the carbon fibres.  

The surface morphology of the various carbon fibres examined before and after the treatment was 

characterised by SEM. It can be seen in Figure 2 (c1) that the untreated carbon fibres have microgrooves, and 

the surface is relatively smooth. After the PDA treatment, the SEM micrographs showed that the PDA layer 

fully covered the carbon fibre surface and the PDA-carbon fibres had an uneven surface with PDA 

agglomerates, which can increase the roughness of the fibre surface.  

Figure 2 (c3) shows the micrographs of carbon fibre directly immersed into 0.1 mg/mL GO solution. The 

GO-direct carbon fibre showed a clean surface with a small amount of GO flakes, which showed the 

inefficient and weak bonding between carbon fibre surface and GO without PDA. Figure 2 (c4) shows the 

typical thin paper-like wrinkled GO morphology on GO-PDA 24h carbon fibre surfaces, showing notable 

changes in the fibre surface morphology. With the GO-PDA 24h treatment, the GO flakes were covered on 

carbon fibre surface, and some GO flakes were stacked together, which enhanced the roughness of the fibre 

surfaces. The SEM results further proved the successful coating of both PDA and GO-PDA layer on the 

carbon fibre surface. 

For the PDA 24h carbon fibre, after the dopamine self-polymerisation, the PDA tended to form a coating 

with the nano-sized agglomerates on the carbon fibre surface. However, for the GO-PDA 24h carbon fibre, 

the increasing of the surface roughness mainly from the wrinkled structure of the GO. With the GO, the PDA 

tended to form a uniform 2D layer on the carbon fibre surface. This is because the PDA was templated by the 

2D GO platelets, which formed micelles with certain nanoscale features in the liquid phase to guide the 

growth of the dopamine [42].  

3.2 Effect on the fibre tensile properties 

To investigate the effect of carbon fibre modification on tensile behaviour, single fibre tensile tests were 

conducted and the results are shown in Figure 3 (a) and (b). For comparison, the fibre tensile strength and 

tensile modulus of untreated single carbon fibre were measured, giving 1756.7 ± 311.4 MPa and 106.4 ± 6.1 

GPa, respectively.  For the carbon fibre treated with sulfuric acid for 24h, the tensile strength was reduced by 

40.8% and the tensile modulus by 52.5%. After sulfuric acid treatment, carbon fibre surface was etched off. 

Although the sulfuric acid treatment could increase the fibre surface roughness, this method damaged the 

fibre structure and lowered its tensile strength and modulus. For both PDA and GO-PDA treated carbon 



fibre, the tensile strength and modulus increased with the increasing treatment time. The specimens that were 

treated by 24h exhibited the highest average tensile strength and modulus. The tensile strength of PDA 24h 

treated carbon fibre was increased to 2595.5 ± 396.4 MPa, representing a 47.8% increase comparing to the 

untreated carbon fibre, and the tensile modulus was increased by 79.9 % to 191.4 ± 39.5 GPa. The large 

scatters in the tensile strength and modulus data are due to the high sensibility of the test and the variability 

of fibre bulk structures. Figure 3 (c) shows SEM micrographs of PDA 24h carbon fibre. It can be seen that 

the PDA layer fully coated the carbon fibre surface protecting the bulk structure. Also, the PDA 

agglomerates stacked on the fibre surface appear to have increased fibre surface roughness.   

The single fibre tensile strength of GO-PDA treated-carbon fibre was increased to 3198.2 ± 741.7 MPa, 

which is 82.1% higher than that of the untreated de-sized carbon fibre. The tensile modulus of GO-PDA 

carbon fibre was increased by 92.7% over that of untreated de-sized carbon fibres. As shown in the Figure 3 

(d), the GO-PDA layer covered the fibre surface and GO flakes stacked together to increase the roughness 

providing extra resistance against the external loading. These results revealed that the ultra-thin coating 

protected the fibre surface and filled the groves of the ordinary carbon fibre, which improved the tensile 

strength by reducing the stress concentration of the fibre. In addition, for the GO-PDA carbon fibres, the GO 

deposition on the fibre increased the surface roughness which provide extra resistance against the external 

loading [43]. The GO itself has superior mechanical properties, which also contribute the tensile strength 

improvement. Compared with sulfuric acid treatment, the PDA and GO-PDA treatment protected the bulk 

structure of carbon fibre and improved its tensile properties. 

3.3 The fibre-resin interfacial properties 

The interfacial shear strength (IFSS) between carbon fibre and resin was investigated by pulling a fibre out 

of a resin droplet through a pair of knife-edges, and the microbond test specimen is shown in Figure 4 (a). 

The IFSS results was shown in Figure 4 (b). Compared with untreated carbon fibre, the IFSS of H2SO4 

treated carbon fibre was increased 37.3%, since the treatment carved fibre surface and increase the fibre 

surface roughness. For both PDA and GO-PDA treated carbon fibre, the IFSS increased with the increasing 

treatment time. Compared with the untreated carbon single fibre/epoxy composites, the IFSS for the PDA 

24h carbon fibre composites increased from 9.1 MPa to 14.7 MPa, representing a 61.5% increase, and for the 

GO-PDA 24h treated fibre composite, the IFSS was increased by 69.3% compared to the untreated one. The 

large scatter is due to the high sensitivity of the test, and each carbon fibre originally had different bulk 

structure due to the fibre manufacturing process. Each type of specimens was tested twenty times to obtain 



the average IFSS. 

The IFSS increase can be attributed to the increased roughness of the fibre surface caused by PDA treatment 

and GO-PDA treatment. In addition, the successful grafting of GO introduced chemical groups which could 

also enhance the surface reactivity and polarity. Moreover, the addition of GO caused a random dispersion of 

particles within the regions surrounding carbon fibre, which offered a strengthening mechanism by bridging 

the surface microcracks [44]. The results revealed that the modification applied to the carbon fibre surface by 

polydopamine and graphene oxide effectively enhances the interfacial property of carbon fibre/epoxy 

composites.  

The fracture surface morphology of single-fibre/epoxy composites after microbond test is shown in Figure 4 

(c). In micrbond test, the carbon fibre was pulled out of epoxy resin droplet. As shown in Figure 4 (c1), the 

entire resin droplet slid away from the untreated carbon fibre surface with little residuals, indicating that the 

test broke the bonding between untreated carbon fibre and resin. In the case of pulling PDA treated carbon 

fibre, as shown in Figure 4 (c2), some resin remained on the fibre surface after testing. The resin residuals 

imply that the load to break the bonding between PDA-carbon and resin was higher than the resin breaking 

load, which showed stronger bonding between PDA-carbon and resin than that between the untreated fibre 

and the resin. Figure 4 (c3) shows more resin residuals on the GO-PDA treated fibres than that on the PDA 

treated one, further proving the improved bonding between the GO-PDA carbon fibre and the epoxy resin. 

The fact that the GO-PDA carbon fibre/matrix boundary was difficult to distinguish is an evidence of an 

effective bonding between the two phases. Such an enhanced interfacial adhesion would lead to a superior 

mechanical performance, which was in agreement with the microbond test results. 

To investigate the chemical compositions and the bonding between PDA and GO-PDA coatings and the 

carbon fibre, the XPS was used to analyse the carbon fibre surfaces. The XPS C1s spectra were shown in 

Figure 5. The fitting was done after a liner background subtraction on the fitting interval. The surface 

element compositions are listed in Table 1. Compared with the untreated carbon fibre, nitrogen was detected 

in PDA treated carbon fibre which proved the successful coating of PDA on carbon fibre surface. 

Meanwhile, PDA treated carbon fibre showed a higher O1s/C1s atomic ratio, due to the catechol and quinone 

groups of PDA polymer. This result is consistent with the FTIR results, confirming again the effective PDA 

coating. However, compared GO-PDA carbon fibre with PDA carbon fibre, the O1s/C1s decreased from 

0.23 to 0.19. The intensity of O1s increased from untreated carbon fibre to PDA carbon fibre, and then 

decreased from PDA carbon fibre to GO-PDA carbon fibre, the intensity of N1s peaks also decreased from 



PDA carbon fibre to GO-PDA carbon fibre, which indicating that GO has been reduced to rGO. 

Table 1. Surface element compositions of untreated-, PDA- and GO-PDA-carbon fibre. 

 
Element composition [%] 

C1s O1s N1s O1s/C1s N1s/C1s 

Untreated carbon fibre 82.62 17.38 0 0.21 0 

PDA carbon fibre 79.54 18.47 1.99 0.23 0.03 

GO-PDA carbon fibre 83.24 15.49 1.27 0.19 0.02 

 

For untreated carbon fibre, the C1s spectrum was peak fitted into seven fitting curves with peaks at 283.4, 

284.8, 286.0, 286.7, 288.1, 289.1 and 291.5 eV, which are attributed to C-H, C-C/C=C, C-O, C-O-C=O, 

C=O, C(O)OH, and π – π*, respectively [45, 46]. The C1s spectrum of PDA treated carbon fibre was also 

fitted into seven curves (Figure 5 (b)), and no new peaks emerged after PDA treatment. However, the ratio 

for oxygen-containing groups increased by 72.7% after PDA treatment, which mainly attributed to the fact 

that the intramolecular hydrogen bonding in carbon fibre was destructed which activates the originally inert 

fibre surface. The ratio of C-O groups of PDA-carbon was the highest, which were consistent with the FTIR 

results. The π – π* bonding increased from 0.36% to 0.62% by comparing the untreated carbon fibre with the 

PDA treated carbon fibre, which indicated the PDA was bonded with carbon fibres through π – π interaction. 

The π – π interaction is relating to the molecules’ π-electron backbone system, to form a stable hybrid 

structure [47].  

For GO-PDA treated carbon fibre, its XPS C1s core-level spectrum, shown in Figure 5 (c) displays seven 

peak components with binding energies at about 283.4, 284.8, 285.9, 286.7, 288.0, 289.3 and 291.2 eV 

respectively, associating to the same function groups as the untreated carbon fibre. Compared to the 

untreated carbon fibre, the π – π* bonding of GO-PDA treated-carbon fibre significantly increased from 

0.36% to 2.41%. The schematic diagram of the GO-PDA coating on the carbon fibre surface is shown in 

Figure 5 (d). GO possessed sp2 structure and was homogenously distributed on carbon fibre. The extensive 

aromatic rings from the GO are essential for π – π stacking interactions to take place. The GO was prone to 

attach on the fibre surface by π – π interaction. The strong π – π interaction between the GO surface and the 

aromatic molecules makes the surface stacking stable against rinsing or other solution processing [48, 49]. It 

became evident that the GO-PDA treatment increased the surface activation of carbon fibre and thus 

increasing their interfacial adhesion strength. 



4.  Conclusions 

This study provides a versatile method for surface modification of a chemically inert high-performance fibre, 

which dramatically improves interfacial shear strength that can be beneficial for intra- and inter-laminar 

crack resistance of modern fibre reinforced polymer composites. The bioinspired polydopamine and 

graphene oxide were used to improve the bonding between carbon fibre and epoxy resin. The results of 

SEM, Raman spectroscopy and FTIR confirmed that the carbon fibres were successfully coated by PDA and 

GO. The SEM micrographs displayed uniform coating of PDA and IFSSGO-PDA on the fibre surface, and 

they suggest that both PDA and GO-PDA treatments enhanced surface roughness of the fibre. XPS 

demonstrated that the π – π* bond was improved by coating PDA and GO-PDA. The strong π – π interaction 

between the graphene oxide and the aromatic molecules usually makes the surface stacking stable, which 

improved interfacial shear strength between fibre and matrix. As a result, the interfacial shear strength of 

PDA 24h treated carbon and GO-PDA 24h treated carbon fibre composites were increased by 62% and 69%, 

respectively. In addition, both treatments protected the bulk structure of the carbon fibre. The PDA surface 

modification increased fibre tensile strength by 48%, while an 82% improvement was measured for the GO-

PDA coated fibre. In conclusion, the polydopamine and graphene oxide surface treatments could result in 

enhanced interlaminar shear strength of laminated composite structures, preventing or delaying 

delaminations that can happen under relatively low energy impact events, something that could be 

considered in near future research. Such mechanical behaviour will be attractive to aerospace and other 

industries where high performance is required. 
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Figures 

 

Figure 1. Carbon fibre surface modification process with PDA treatment and GO-PDA treatment. 



 

Figure 2. Surface investigation on chemical compositions and morphology. (a) FTIR spectra of the 

untreated-, PDA 24h- and GO-PDA 24h-treated carbon fibre; the 750-2000 cm-1 spectra were enlarged. (b) 

Raman spectra of untreated, PDA treated and GO-PDA 24h treated carbon fibre. SEM micrographs of (c1) 

untreated, (c2) PDA 24h treated, (c3) GO directly deposited on carbon fibre, and (c4) GO-PDA 24h treated 

carbon fibres. 



 

Figure 3. The effect of the PDA and GO-PDA coating on fibre tensile properties: (a) Single fibre tensile 

strength and modulus of untreated, PDA- and GO-PDA treated carbon fibres. (b) Typical stress-strain curves 

for untreated, sulfuric acid treated, PDA- and GO-PDA treated single carbon fibres. SEM micrographs of (c) 

PDA 24h carbon fibre and (d) GO-PDA 24h carbon fibre at higher magnification (50k and 100k ×). 



 

Figure 4. The interfacial properties between fibre and epoxy resin: (a) The optical microscope image of 

microbond test specimen. (b) Interfacial shear strength between single carbon fibre and epoxy resin.  (c) 

SEM micrographs of the fracture surface morphology after of (c1) untreated carbon fibre, (c2) PDA-carbon 

fibre and (c3) GO-PDA-carbon fibre/epoxy after microbond test. 



 

Figure 5. The bonding between coatings and carbon fibre: High resolution XPS spectra of C1s of (a) 

untreated carbon fibre, (b) PDA-24h carbon fibre, and (c) GO-PDA-24h carbon fibre. (d) Schematic diagram 

of GO-PDA coating on carbon fibre surface by π – π interaction. 

 


