
21st International Conference on Composite Materials 
Xi’an, 20-25th August 2017 

Multifunctional Nano Silver/Carbon/Epoxy Conductive Adhesive 
 
 

Xiaojiang Xu, and Hongbo Gu* 
 
 

 
School of Chemical Science and Engineering, Tongji University, Shanghai, 200092, P. R. China 

*Corresponding author: hongbogu2014@tongji.edu.cn 
 
 
 

 Keywords: Multifunctional; Epoxy Nanocomposites; Carbon Structure; Nano-Silver; Conductive 
Adhesive. 
  

ABSTRACT 

Epoxy resin adhesive with the advantages of high bonding performance, low cost and simple 
bonding process has been widely applied in the automotive industry, electronic device, aerospace and 
other fields. The traditional epoxy resin conductive adhesive is obtained by addition of the conductive 
fillers into the epoxy resin. However, it still has many challenges, such as poor dispersibility of 
conductive fillers in the epoxy matrix, weak interfacial interaction, high electrical conductivity 
thresholds and so on. With the development of high-tech and nanotechnology, the modification of 
epoxy resin has also entered a stage of rapid development. The traditional fillers have been unable to 
meet the current performance requirements, therefore, the conductive adhesive with high-performance 
and multi-functions is the current hot research topic. It’s important to design and develop the new 
conductive nanocomposites to prepare the conductive epoxy adhesive with low threshold, low 
resistivity, and high bonding strength. 

Conductive adhesive is a combination of adhesive and conductive adhesive, is the semiconductor 
package, printed circuit board repair, conductive composite bonding and electronic components of the 
first choice. With the development of miniaturization in the field of electronics and microelectronics, 
the research of new conductive adhesives has become a hotspot. Conductive adhesives usually consist 
of prepolymers, curing agents, diluents, toughening agents, etc., while adding conductive filler to 
achieve its conductivity. The prepolymer contains the active functional group as the main component 
and provides the molecular skeleton for the cured polymer. The prepolymer is also the main source of 
bond strength, and the mechanical properties and adhesive properties of the conductive adhesive are 
mainly determined by the prepolymer. Commonly used prepolymers include epoxy resins, 
polyurethanes, phenolic resins, and the like. Compared with polyurethane and phenolic resin, epoxy 
resin has the advantages of high bonding strength, wide adhesion, corrosion resistance, low shrinkage, 
good stability, high mechanical strength and good workability. Therefore, epoxy resin is the research 
The most widely used base material. Wherein the epoxy resin is a matrix which produces adhesive 
properties and mechanical properties, and the conductivity is mainly determined by the conductive 
filler. So the high conductivity and low filler volume of the conductive adhesive is the main direction 
of the current research. Common conductive filler silver, copper, carbon materials and composite 
materials, conductive properties of conductive filler directly determine the performance of conductive 
adhesive. In general, the content of silver to fill the filler to reach 60 wt% -80 wt%, but the silver is 
expensive, while in the case of DC electric field and moisture will migrate, thereby reducing its 
conductivity, affecting the service life; with copper Do the filler content higher than the silver filler, 
and the air is easy to oxidation of copper oxide is not conductive, and high filler will affect the 
adhesive adhesive properties and mechanical properties. 

In this work, the conductive nanocomposite fillers consisting of C-polydopamine (PDA)/Ag were 
designed and developed. The carbon sphere with average diameter of 200 nm was synthesized by 
hydrothermal method combined with high temperature annealing method. Then the polydopamine was 
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introduced on the surface of carbon sphere through the self-polymerization of dopamine in order to 
improve the dispersibility of nanofillers within the epoxy matrix and the interfacial interaction 
between nanofillers and epoxy matrix. After that the nanosilver with diameter of 10 nm-20 nm was 
fabricated by the in-situ reduction of a silver nitrate and ammonia solution to further increase the 
conductivity of nanocomposite fillers. The X-ray diffraction (XRD), Fourier Transform infrared 
spectroscopy (FT-IR), scanning electron microscope (SEM), transmission electron microscopy (TEM), 
and Raman results confirmed that the C-PDA/Ag nanocomposite fillers were successfully synthesized. 
Finally, the epoxy adhesive with different loadings of C-PDA/Ag nanofillers were prepared. The peel 
testing results illustrated that the highest peel strength of 0.281 kN/m was achieved in the epoxy 
adhesive with 5 wt% loading of C-PDA/Ag nanofillers. The resistivity of epoxy adhesive was 
increased by almost 8 orders of magnitude after adding C-PDA/Ag nanofillers. The 5 wt% was the 
threshold for C-PDA/Ag nanofillers in epoxy adhesives.   

 
Schematic for epoxy resin compound conductive adhesive. 
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