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Abstract 

The carbon fiber (CF) preforming process is one of the rate-limiting steps in composite manufacturing. 

Lack of control over the raw materials during the preforming process leads to inconsistent production. 

Batch-to-batch variations are unavoidable as molding environments remain undetected during the 

preforming process especially during the stacking up of the fabric plies and placing of the fabric preform 

into the mold cavity. This study aims to create high-quality composites structural parts made from CF 

performs and establish an understanding of the use of graphene nano-platelets (GNPs) as a smart fabric 

coating that allows the sensing and monitoring of the preforming process. In addition to the preform 

monitoring the mechanical reinforcing by graphene imparts additional functionality into the cured 

composite part. The ultimate outcome of this study will be an inexpensive, reliable way to manufacture 

highly uniform CF preforms. 

 

 

1. Introduction 

 

Aerospace, automotive and electronic industries use CF composites in various applications, exploiting 

their light weight, high specific strength, and stiffness capabilities [1-3]. The CF preforming process is 

replacing other techniques as the cost-effective composites manufacturing technology. A preform is a 

multi-layer reinforcement structure, where the fiber is fixed in layers by a suitable binder that is 

subsequently impregnated with a matrix system and consolidated to form a composite part. Preforms 

can be made by spraying discrete chopped fibers combined with a binder over a form. More recently, 

engineered preforms have been developed through the use of automated knitting and weaving machinery 

[4]. The fiber forms are subsequently impregnated with resin in a closed mold process, such as resin 

transfer molding (RTM) or vacuum-assisted resin transfer molding (VARTM). These two and three-

dimensional structures are capable of reinforcing high-performance structural composite parts.  

 

The composite structures in high-performance applications are often exposed to external impacts, 

deformations, and changes in environmental conditions during service. The onset of local damage in 

such instances is difficult to detect and can have long-term implications on the structural performance. 

The detection of the structural integrity and the prediction of remaining functional lifespan of 

components could forecast the failure and prevent unexpected downtime [5-7]. 
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Graphene, a single layer of carbon atoms in a closely packed honeycomb two-dimensional (2D) lattice 

obtained by the exfoliation of natural flake graphite by sonication. Graphene exhibits outstanding 

properties including high thermal and electrical conductivity, high mechanical strength, low 

manufacturing cost as well as high surface area, which bring them to be distinguished nano-

reinforcements for carbon fiber reinforced plastics (CFRP) to form multi-functional and multiscale 

composites [8-10]. Graphene can enhance interfacial bonding between fiber and matrix in the CFRPs. 

Furthermore, graphene has more sp2-like planes and various edge defects present on the surface and has 

previously indicated better sensing performance than other carbon nanomaterials such as carbon 

nanotubes (CNTs) [11, 12]. The GNPs create an electrically conductive network through the composite 

material, which is susceptible to small dimensional changes. Electrically conductive fiber-reinforced 

composites can be produced by either adding conductive particles such as GNPs and CNTs in a polymer 

matrix or coating them on the surface of fabric [13]. High concentration of additives in the resin will 

result in undesired viscosity. However, incorporating the GNPs in the matrix prior to infusion of the 

fiber only require the low content of the additive achieving more control over viscosity [14, 15]. 

 

Various methods have been used to coat graphene on to the CF including chemical vapor deposition 

(CVD), electrophoretic deposition (EPD), dipping and spraying. Among the many techniques available, 

dip coating is more common, effective, low-cost and used in large-scale processes. Several studies have 

focused on piezoresistive composites. Shazed et al. [16] investigated the coating of CNTs on CF using 

CVD followed by fabricating CNTs coated CF reinforced polypropylene (CNTs-CF/PP) composites. 

These hybrid composites indicated enhanced young modulus and tensile strength when compared to the 

neat-CF/PP composite. MORICHE et al. [17] compared the electrical response of nano-reinforced epoxy 

matrices and dip coated fabrics and concluded that composites with dip coated fabrics were more 

sensitive to fiber breakage and showed higher sensitivity under tensile loads. Recently, Kwon et al. [18] 

studied graphene oxide/CNTs hybrid materials prepared and coated on CF surfaces by EPD method. 

The results showed the enhancement of both mechanical and electrical properties of CFRP.   

 

This proof of concept study aims to test the feasibility of a uniform interconnected graphene coating 

network to be used as a sensor material in composites. This study aims to fabricate a uniform, 

interconnected graphene network within composites that is highly sensitive to strain and deformation. 

Initial stages of this study have focused on creating graphene-coated CF using dip coating followed by 

infusing them into a composite part. Surface morphologies of coated CF were examined using optical 

microscopy. The electrical response of the coated composite was simultaneously monitored during a 

three-point bending test using electromechanical testing Instron series 5569. Strain monitoring results 

showed the sensing effect of the graphene. 

 

 

2. Materials and methods 

 

Plain weave CF was supplied by Play with Carbon PTY Ltd, Sydney Australia. The coating of the fabrics 

was performed using the dip coating method with graphene dispersions supplied by Imagine (Imagine 

X3). Composite laminates were prepared using standard hand lay-up process followed by vacuum 

assisted curing. The epoxy resin and hardener (PRIME™ 20LV and PRIME™ 20 slow hardener) 

supplied by Gurit Company, were mixed at a weight ratio of 100/ 26 for 2 min. The four piles of fabrics 

were layered up while resin was spread within the fabrics using a brush. The laminate was vacuumed at 

-700 mmHg for 24hours at 25 ºC followed by post-curing in an oven at 65 ºC for 6hours. Finally, the 

composite was cut into the dimensions of 15 cm× 4 cm× 0.5 cm using a diamond cutter. The prepared 

composite laminates were cut into different sizes for further testing, including three-point bending tests. 

Copper electrodes and silver paint were coated on both sides of the sample as shown in Fig.1 to minimize 

the electrical contact resistance. 
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Figure.1 As prepared graphene coated carbon fabric composite 

 

 

3. Results and discussion 

 

The morphology of coated CF was investigated using an optical microscope (Olympus Stream Motion 

BX61). Fig.2 shows the images of 1x and 3x times graphene coated CF. The images indicate that 

multiple coating of the fabric result in better uniformity and coverage. 

 

 

 
(a)                                                    (b) 

 
(c)                                               (d) 

 

Figure. 2 Optical microscopy images of coated CF a) 1X time coating with 5X magnification b) 1X 

time coating with 10X magnification c) 3X time coating with 5X magnification d) 3X time coating 

with 10X magnification 

 

 

Three-point bending test was carried out using an electromechanical testing machine (Instron 5569, 

Massachusetts, USA) as shown in Fig.3. Ten loading cycles at a rate of 45 mm/min with a maximum 

force of 40N were applied to the sample. The electrical data from the sensor was recorded using a USB 

DAQ module (USB-2404-10, Measurement Computing, Norton MA, USA) and recorded with Tracer 

DAQ Pro (Measurement Computing, Norton MA, USA) to monitor the change of voltage over time at 

a sampling frequency of 100 Hz.  
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Figure3. Three-point bending test arrangements with Instron 5569 
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                                                                                   b 

 

Figure 4. a) Change of load over time b) Change of voltage over time during cyclic three-point 

bending tests 

  

 

The sample was cut in half. The top and bottom layer of epoxy removed to expose the conductive carbon 

particles and subsequently coated with silver paint. The electrical response of the coated composite 

during bending test was measured. The electrical current flows were measured in z-direction, or the 

vertical plane. Fig.4 illustrates the change of load and voltage over time. The preliminary results showed 

change in the electrical data upon mechanical loads, indicating that the sample is electrically sensitive 

to bending. Graphene can create an electrically conductive network through the composite material, 

which is susceptible to dimensional changes. When strain or damage are induced into the system, the 

electrical resistance of the material changes due to modifications in distances between the GNPs or in 

overlying areas. 

 

 

4. Conclusions 

 

The proof of concept of using graphene as a sensor material to create smart and functional composite 

was established. Preliminary results showed that the graphene coating is suitable for monitoring the 

electrical performance of composites despite some inconsistencies. Optical microscopy showed that 

three-time coated fabrics have a complete coverage compared to the one-time coating. The three-point 

bending test results showed that the coated CF composite was electrically sensitive to bending and 

deformation, as a change in electrical signals were obtained when an external force was applied. Further 

tests need to be conducted to ensure the repeatability of the results. Future study will be focused on 

integrating strain gauges for quantitative analyses, comparing the mechanical-electrical results of 

uncoated and coated sample and electrical – mechanical calibration (conductivity – force). 
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