
First A. Author, Second B. Author and Third C. Author 

3

Vacuum infusion composite manufacturing using integrated carbon nanotubes sensor 
S. Lloret Pertegás1*
P. Slobodian2 , J. Matyas2 , R. Schledjewski1
1Christian Doppler Laboratory for High Efficient Composite processing, Department Polymer Engineering and Science, Montanuniversitaet Leoben, Otto Gloeckel-Strasse 2, A-8700 Leoben, Austria.

2Centre of Polymer Systems, University Institute, Tomas Bata University, Trida T. Bati 5678, 760 01 Zlin, Czech Republic

*silvia.lloret-pertegas@unileoben.ac.at
Keywords: Composite Processing, Strain Sensors, Epoxy laminate, Vacuum infusion, CNTs, carbon nanotubes
Abstract
The vacuum infusion technology is an established method for producing composites. Joining both concepts, composite manufacturing and sensing, different multifunctional composite laminates were developed. Carbon nanotubes (CNTs) films as sensors, were integrated in the epoxy laminates manufactured using different fibers, e.g glass fiber (unidirectional and bidirectional), natural fibers mats, with the aim to measure changes in the electrical conductivity of inter-connected carbon based networks which can be interpretated for detection of deformation or stress in elongation [1,2] or compression [3] after applying a force to these structure. Also heating test under electrical potential recorded with a thermographic camera were studied 
1.
Introduction
In the vacuum assisted resin infusion process (VARI) a geometry defining one sided mold is used. After inserting the reinforcing structure this is covered using vacuum foil and sealed airtight. Using a vacuum pump, the space is evacuated and compressed (due to environmental pressure) under the vacuum foil. During the process the matrix can be initially distributed on the surface of the laminate over a large area quickly if a distribution layer (flow aid), with very low flow resistence is used. Time-delayed to the impregnation of the distribution layerthe reinforcing structure is impregnated in the thickness direction. A simple construction, low cost in tools or equipment and the flexibility for the production of large-area and geometrically complex components are some of the advantages of this process. Also important to mention is that a  high fiber volume content is achieved with low porosity. Disadvantages are the high manual labor, the lack of automation of the process as well as the restriction that only the side of the composites in contact with the mold is produced with high quality.
A network of entangled multiwall carbon nanotubes is presented as a conductor whose resistance is sensitive to elongation strain both in the course of monotonic strain growth and when loading/unloading cycles are imposed [4]. CNT networks can proportionally transfer their unique properties into reinforced composite materials and films for sensors and bring substantial improvements in structural strength, electrical, and thermal conductivity, electromagnetic interference shielding and other properties [5,6]. Because of its advantages VARI was selected as manufacturing process and CNTs were chosen as sensors due to their promising applications.
2.
Experimental work
2.1. 
Carbon Nanotubes Film Manufacturing

The active sensory layer is a network formed by entangled multi-walled carbon nanotubes. The nanotubes were purchased from Sun Nanotech Co. Ltd., and are product of chemical vapor deposition of acetylene. According to the supplier, the nanotube diameter is 10-30 nm, length 1-10 μm, the purity ∼ 90% and the volume resistivity 0.12 Ωcm. Aqueous dispersion of MWCNT was prepared by sonication in an apparatus UZ Sonopuls HD 2070 kit from for 15 minutes at room temperature. The nanotube concentration in the suspension was 0.3 wt.%. Dispersion contained also surfactans, namely sodium dodecyl sulfate and 1-pentanol with concentration 0.1M and 0.14M, respectively. Moreover, NaOH aqueous solution was added to adjust pH to 10. For making an entangled MWCNT network, a porous polyurethane membrane and a vacuum filtration method was used. 30 ml of homogenized dispersion was filtered through the funnel of diameter 90 mm. The prepared MWCNT network of typical thickness about 35 m was washed several times with deionized water (65 °C), afterwards by methanol in situ and dried between two filtration papers for 24 hours. MWCNTs were analyzed via transmission electron microscopy (TEM) using microscope JEOL JEM 2010 at the accelerating voltage of 160 kV. The sample for TEM was fabricated on 300 mesh copper grid with a carbon film (SPI, USA) from MWCNT dispersion in acetone prepared by ultrasonication, which was deposited on the grid and dried. MWCNT network was analysed by scanning electron microscope (SEM) NOVA NanoSEM 450 (FEI). For the observations the regime of secondary electrons was chosen. Results of both analyses are presented in Fig. 1.
2.2 
Vacuum infusion process

Composite sheets were manufactured with EPIKOTETM resin, and EPIKURETM RIMH 1366 as curing agent, mixing ratio 100:30 in weight. Each laminate was cured during 24 hours at room temperature. Different fibres were used, in order to achieve the best results, glass fiber unidirectional, bidirectional and glass mats. Also samples with natural fibre flax mats of 2 cm thinknes each layer (300g/m2), were manufactured. Since natural fibres are gaining big interest in the industry, do to the fact that they have significant advantages, like reduction costs in composite manufacturing, availability and environmental friendly properties without compromising the mechanical properties. Carbon nanotube thin films with ordered structures have been developed from a highly concentrated suspension of nanotubes; with the propose of fabricating electrodes for high power density supercapacitors [7]. Carbon nanotubes films were placed in between the layers of material, according with the requierements of the tests. The manufactured plates using CNT’s as sensor are shown in figure 2.

3. 
Result
TEM analysis of used carbon nanotubes and SEM analysis of prepared MWCNT network are presented in Fig. 1.

Application of release agent is needed and permits easy removal from the mold of the laminate after the curing. Wax was used as realease agent in our case. A realease film is placed between the mold and the composite for easy demoulding. After placing the fiber according to the requirements, a peel ply is applied to cover the sample in order to peel the laminate easily after curing. On the top of the set-up, with the same dimensions of our sample, a flow aid is placed, and the spiral hoses, which are used for extraction or resin supply, mounted and fixed with adhesive to both sides of the preform. In the last step the whole system is covered with the vacuum foil, and final vacuum test is done in order to avoid any leak. 
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Figure 1: A) TEM micrograph of used nanotube, B) SEM image of the surface of entangled MWCNT network.

Quantity of the resin is estimated for our sample, plus 10% to fill the system tubes. Once the resin is mixed with the curing agent and stirred, the experiment starts with the feed of the resin, connecting the hose to the resin container. Process is shown in figure 2.
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Figure 2: Schema of the manufacturing process
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Figure 3: Vacuum infusion manufacturing process and manufactured laminates with integrated CNT‘s

3.
Conclusions
· Vacuum assisted resin infusion is a proper manufacturing process to integrate CNTs in composites without damaging the structure.
· A good potential of MWCNT entangled network to be applied as a strain compression sensing elementin both extenson and compression, specially for glass fiber/epoxy laminates was found.
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