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Why Conductive Adhesives
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• Electronic packaging plays an important role in modern semiconductor industry. Normally,
lead/tin solders are widely applied for die attaching and terminal bonding of different electronic
components. However, worldwide regulations are against the use of lead in products due to its
damaging health effects. Besides, Pb/Sn soldering has limited patterning resolution that cannot
satisfy the increasing demands of modern electronics packaging. This has triggered a lot of
research efforts for the elimination of lead from interconnect materials and for finding alternative
conductive adhesives. Since the first demonstration of silver filled thermosetting polymer resins,
electrically conductive adhesives has presented an effective solution for bonding surface mount
devices to printed circuit boards. These adhesives have several advantages including low curing
temperature, mechanical flexibility as well as improved environmental effects.

• Typically, high performance conductive adhesives are made by adding electrically conductive fillers 
into thermosetting resins. Among the various conductive additives, silver is probably the most 
common filler for its superior electrical conductivity and chemical durability. However, its high cost 
has so far limited its practical application. Other filler such as graphite, conductive polymers have 
been studied but they do not have sufficient conductivity.

• In this work, we present conductive adhesives based on graphene and graphene/carbon 
composites. Because of its outstanding electrical and mechanical properties, graphene has a 
positive influence on the mechanical properties of the adhesives. Not only do they conduct 
electricity but also they have excellent thermal properties. 



Recipe and composition
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Constituents Optimum concentration Lower 
limit

Upper 
limit

Glue resin: polyurethane adhesive
Examples include but not limited to: Gorilla Glue

80-90% (w/w)
The rest is solid conductive agents

60% 99%

Conductive agent part 1: Graphene 0.4  % (w/w)* 0.1% 10%

Conductive agent part 2: Timcal carbon super C45 or C65
Other forms of carbon black can also work such as cabot
carbon and carbon super P. 

3% (w/w)* 1 % 10%

Conductive agent part 3: Conductive graphite powder. 
Technically any form of graphite may work. This includes 
natural and synthetic graphite as well as expanded graphite. 

17% (w/w)* 1% 40%

Thinner, if needed (amount varies depending on the desired 
viscosity and the amount of the other ingredients)

Acetone 50% 99%

Other thinners that may work include � Petroleum naphtha
� Mineral spirits
� Xylene
� Lacquer thinner
� Butyl acetate 
� Any combinations of the above

50% 99%

Presenter
The Claim Parameter and Range Overview Table 

http://www.cabotcorp.com/solutions/applications/electronics-and-energy-storage/batteries


Structure of the Adhesives
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Two-dimensional graphene nanosheets
Zero-dimensional carbon black nanoparticles
Three-dimensional graphite microparticles
Glue base

Presenter
Schematic illustration showing the structure of the conductive epoxy after curing. A mixture of 0D carbon black (nanoparticles), 2D graphene nanosheets and 3D graphite micro-particles self-assemble to establish percolation and hence electrical conductivity. 



Graphene Conductive Glue
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Presenter
This photograph shows conductive graphene glue. 



Graphene Conductive Glue
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Presenter
Initial packaging for graphene conductive glue. 



Product Line
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GRAPHENE
CONDUCTIVE GLUE

1.0 FL OZ (30 mL)

Electrically and thermally conducting glue
Bonds essentially everything

Fast drying and non-toxic

Presenter
Label and information for graphene conductive glue



Graphene Conductive Glue
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Presenter
Another possible packaging for graphene conductive glue. 



Drawing circuits
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Presenter
Video of electronic arts drawn on a sheet of paper using conductive glue. In each circuit the battery runs a red light emitting diode through conductive glue wires. 



Drawing circuits
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Red LED Yellow LED Green LED

Presenter
Photographs of electronic arts drawn on a sheet of paper using conductive glue. In each circuit the battery runs a different color light emitting diode through conductive glue wires. 



Drawing circuits
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Presenter
Video of electronic arts drawn on a sheet of paper using conductive glue. The circuit consists of lithium coin cell battery and three-color light emitting diodes: red, orange and yellow. 



Drawing circuits
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Presenter
Photographs of electronic arts drawn on a sheet of paper using conductive glue. The circuit consists of lithium coin cell battery and three-color light emitting diodes: red, orange and yellow. 



Fixing Printed Circuit Boards (PCBs)
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Presenter
Conductive glue can be used as an alternative to lead/tin solder for bonding different electronic components at room temperature. 



Fixing Printed Circuit Boards (PCBs)
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Presenter
Conductive glue can be used as an alternative to lead/tin solder for bonding different electronic components at room temperature. 



Cured Glue is totally Flexible
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Presenter
These photographs show that the cured conductive glue films have very good mechanical flexibility



Setup for Testing Sheet Resistance Under Mechanical Stress
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Presenter
Setup used for testing the electrical properties of the conductive glue. Contact pads: silver paste and copper tapeBlue and red alligator clips connecting the conductive films to an electrochemical workstation for testing its electrical properties. 



The addition of carbons makes the glue conductive
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Presenter
Voltage-current (I-V) curve of graphene conductive glue



Amount of carbon and its impact on electrical properties
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Presenter
Voltage-current (I-V) curves of different conductive glue film made with different amounts of graphene and other conductive additives. 



Measuring Sheet resistance
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Presenter
Measuring the electrical properties of graphene conductive glue. Four grids of silver contact pads are applied on the conductive glue, each with 20 patterns. 



Amount of Carbon and Its Impact on the Glue Properties
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Presenter
The sheet resistance of different conductive glue as a function of the amount of carbon. 



Amount of Carbon and Its Impact on the Glue Properties
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Presenter
The sheet resistance of different conductive glue as a function of the amount of carbon. 



Bending Test
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Presenter
Setup used for testing the electrical properties of the conductive glue under different bending angles. 



Bending Test
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Presenter
Schematic illustration showing the working mechanism of the bending device. An electrochemical workstation is used for collecting the electrical properties of the glue while the film is gradually bent. 



Convex Bending
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Presenter
Change of sheet resistance of the conductive glue as a function of bending angle (end to end distance) when the device is under convex (tension) bending. The sheet resistance increases only slightly, only 0.08%. 



Concave Bending
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Presenter
Change of sheet resistance of the conductive glue as a function of bending angle (end to end distance) when the device is under concave (compression) bending. The sheet resistance decreases slightly when the film is folded to 180 degrees, only 1.7% decrease in resistance was observed.  



Conductive Glue: Twisting
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Presenter
Electrical properties of the conductive glue under different twisting angles. There is a slight decrease (less than 3%) in sheet resistance with twisting. 



Conductive Glue: Twisting
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Presenter
The films pictured at different bending angles. 



Conductive Glue: Tensile Strength
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Presenter
Preparing samples for testing the tensile strength of graphene conductive glue. The glue is applied on wood using squeegee, the adhesive properties of the glue can be seen. 



Conductive Glue: Tensile Strength
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Presenter
After the glue is applied on the wood, the two pieces are clamped together and were left overnight to allow for full cure of the glue. Threaded round hooks are then attached to each sample on both ends. 



Conductive Glue: Shear Strength
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Presenter
Preparing samples for testing the shear strength of graphene conductive glue. 



Conductive Glue: Shear Strength
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Presenter
The finished sample 



Reference Point: Mechanical properties
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Presenter
Preparing reference sample made with pristine glue without any conductive additives. 



Final samples
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Presenter
This photograph shows samples for testing tensile and shear strength of the conductive glue along with reference samples in which the glue used without any additives. 



Setup for Testing Mechanical Strength
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Presenter
Setup used for testing the mechanical strength of conductive glue



Setup for Testing Mechanical Strength
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Presenter
Setup used for testing the mechanical strength of conductive glue



Part 2
CONDUCTIVE EPOXY
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Why Conductive Epoxy?
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Epoxy resins are low molecular weight pre-polymers or higher molecular weight polymers which normally
contain at least two epoxide groups. In order to convert epoxy resins to hard, thermoset networks it is
necessary to use cross-linking agents. These cross linkers, hardeners or curing agents as they are widely known,
promote cross-linking or curing of epoxy resins. Curing can occur by either homopolymerisation initiated by a
catalytic curing agent or by reacting resins with polyfunctional hardeners including amines, acids, acid
anhydrides, phenols, alcohols and thiols. The resulting thermosetting polymers have high mechanical
properties, resistant to acids and other chemical agents.

Epoxy has a wide range of applications, including anti-corrosion coatings, electronics & electrical components,
biomedical devices, paint brushes manufacturing, fiber-reinforced plastic materials and structural adhesive
applications in the aerospace industry.

The use of adhesives offers many advantages over binding techniques such as sewing, mechanical fastening,
thermal bonding, etc. Although lead/tin solders have been used in electronic industry for many years, they
require high temperatures for operation, meaning that it cannot be used with heat sensitive materials.
Conductive epoxy can be used as an alternative to lead-based solders. Their low curing temperatures provides a
completely safe solution for bonding heat sensitive components during manufacturing. They are also more
resilient to thermal and mechanical stress.
Why conductive adhesives?
� Solder replacement
� Electronic packaging
� composites



Two part epoxy adhesives
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Presenter
Epoxy resins are low molecular weight pre-polymers or higher molecular weight polymers which normally contain at least two epoxide groups. A wide range of epoxy resins are produced industrially. The raw materials for epoxy resin production are today largely petroleum derived, although some plant derived sources are now becoming commercially available. The chemical structures of some of these resins are described above. Common classes of hardeners for epoxy resins include amines, acids, acid anhydrides, phenols, alcohols and thiols



Epoxy Adhesives: How It Works
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Presenter
Resin: Diglycidyl ether of bisphenol A (DGEBPA)Hardener: Bisphenol A



Epoxy Adhesives: How It Works
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Presenter
Epoxy Adhesives: How it works? Cross-linking polymerization: Structure of a cured epoxy glue. The triamine hardener is shown in red, the resin in black. The resin's epoxide groups have reacted with the hardener and are not present anymore. The material is highly crosslinked and contains many OH groups, which confer adhesive properties.



How Epoxy Cures
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Figure: As it cures, mixed epoxy changes from a liquid state, through a gel state, to a solid 
state. 
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Presenter
Initially there is reaction between epoxy and hardener reactive groups so that somewhat larger molecules are formed. As cure proceeds, larger and larger molecules are formed. When the molecular size increases as cure progresses, some very highly branched molecules are formed and then more and more highly branched structures develop. The critical point is gelation when the branched structures extend throughout the whole sample. Prior to gelation the sample is soluble in suitable solvents but after the gel point the network will not dissolve but swells as it imbibes solvent. The gel initially formed is weak and can be easily disrupted. To produce a structural material, cure has to continue until most of the sample is connected into the three-dimensional network so that the sol fraction becomes small and for many cured products it has to be essentially zero.Pages 5,6 Chemistry and Technology of Epoxy Resins



Procedure
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Part 1: Epoxy Resin

Graphite powder 

Part 2: Hardener 

Carbon black

Mixing stoichiometeric
amounts of the resin and 

hardener

Carbon black Graphene

Presenter
Schematic illustration showing procedure for preparing conductive epoxy adhesive. 



Carbon Composites
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Zero-dimensional carbon black nanoparticles

Three-dimensional graphite microparticles

Glue base

Two-dimensional graphene nanosheets

Zero-dimensional carbon black nanoparticles
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Part 1: Epoxy Resin Part 2: Hardener

Presenter
Schematic illustration showing the composition of the resin and hardener after the addition of the conductive agents: (A) part 1: epoxy resin with graphite and carbon black and (B) part 2: hardener with graphene and carbon black. 



Recipe and composition
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Constituents Optimum concentration Lower limit Upper limit

Glue resin: polyurethane adhesive
Examples include but not limited to: Gorilla Glue

80-90% (w/w)
The rest is solid conductive agents

60% 99%

Conductive agent part 1: Graphene 0.4  % (w/w)* 0.1% 10%

Conductive agent part 2: Timcal carbon super C45 or C65
Other forms of carbon black can also work such as cabot carbon and carbon 
super P. 

3% (w/w)* 1 % 10%

Conductive agent part 3: Conductive graphite powder. Technically any form of 
graphite may work. This includes natural and synthetic graphite as well as 
expanded graphite. 

17% (w/w)* 1% 40%

Part A: Resin Epoxide
List all 

Part B: Hardener Ethylene diamine
Diethylene triamine
Triethylene tetramine

Part A: Part B ratio 1:1 

Thinner, if needed (amount varies depending on the desired viscosity and the 
amount of the other ingredients)

Butyl acetate 50% 99%

Other thinners that may work include � Lacquer thinner
� Acetone
� Petroleum naphtha
� Mineral spirits
� Xylene
� Any combinations of the above

50% 99%

Curing temperature � Room temperature

Method
1. Mixer: mixing rate, vacuum level, etc.
2. Amount of materials
3. Materials pre-reaction: grinding, shear rate
4. Slurry Mixing time
5. Other

� http://www.mtixtl.com/MSK-SFM-7.aspx

Application of the glue 
1. Split tube 1:1 ratio

Presenter
The Claim Parameter and Range Overview Table 

http://www.cabotcorp.com/solutions/applications/electronics-and-energy-storage/batteries
http://www.mtixtl.com/MSK-SFM-7.aspx


Conductive Epoxy Based on Graphene
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Presenter
Photograph showing a two-part high performance conductive epoxy system based on graphene designed for bonding a wide range of materials including wood, plastics, metals, encapsulations, electronic components, etc. Having nano-carbons at relatively high concentration, both the resin and the hardener are black in color and have thick viscosity.  



Conductive Epoxy Based on Graphene
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Presenter
This photograph shows the final product of conductive graphene epoxy, containing separate compartments for the resin and the hardener. 



Conductive Epoxy Based on Graphene: Label
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Conductive Graphene Epoxy
Adhesive

25 mL / 1 oz � Electrically and 
thermally conductive 

� 20 minute 
working time

This is two part epoxy that produces
assemblies with excellent thermal and
electrical conductivity, simultaneously. It
adheres strongly to metals, glass, conductive
polymers and even plastics commonly used
in the manufacturing of electronic devices.

� Work time: 20 minutes
� Curing conditions: it takes 24 hours for 

curing at room temperature and 20 
minutes at 65°C

� 1:1 mixing ratio between the resin and 
hardener

NAnOTECH
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Presenter
Information on the label: Conductive Graphene Epoxy Adhesive25 mL /1 oz *20 minute working time*Electric and thermally conductive*This is two part epoxy that produces assemblies with excellent thermal and electrical conductivity, simultaneously. It adheres strongly to metals, glass, conductive polymers and even plastics commonly used in the manufacturing of electronic devices. Work time: 20 minutesCuring conditions: it takes 24 hours for curing at room temperature and 20 minutes at 65°C1:1 mixing ratio between the resin and hardener



Fast Drying Conductive Epoxy
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Presenter
This syringe is designed to dispense equal amounts of each component, which is necessary for complete cross-linking reaction. The resulting adhesive starts to set in 20 minutes and reaches full curing in 24 hours. It can be used as an adhesive for a wide range of materials including glass, plastics and metals or as a versatile filler for gap bonding, surface repairs and laminating. It is resistant to water and most common solvents. 



Coating onto Films
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Presenter
Mixed resin/hardener coated on a sheet of polyethylene terephthalate plastic to test their electrical and mechanical properties. 



Conductive Epoxy Films
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Presenter
Freestanding film of conductive graphene epoxy shows excellent electrical properties. The setup consists of (1) a battery, (2) three color light emitting diodes (red, orange and yellow), (3) copper wiring and (4) freestanding conductive epoxy film, all assembled on a (5) breadboard. On the left, the setup is open-circuit while on the right the circuit is shorted showing that the epoxy film is electrically conductive. 



Conductive Epoxy: I-V characteristic
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Presenter
Current-voltage (I-V) characteristics of an electrically conductive graphene epoxy coated onto a sheet of plastic shown in the bottom. 



Conductive Epoxy: Conductivity Data
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Ep3-film5

Entry Value Unit Notes
average sheet resistance 153.1613 ohm/sq St.dev. 17.03127

conductivity 0.305013 S/cm
30.50127 S/m

Average thickness 214.05 um

Presenter
Electrical properties of the conductive epoxy. 



Conductive Epoxy: Variable carbon content
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The electrical properties can be adjusted by controlling the amount of graphene and other carbon additives. 



Conductive Epoxy: Twisting
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Presenter
Change of the sheet resistance of conductive epoxy as a function of twisting angle. The films shows almost no change even at a large twisting angle of 720 degrees. The corresponding voltage-current curves showing superimposed curves at twisting angles 0 and 720, indicating the stability of the sheet resistance against twisting. 



Conductive Epoxy: Stretching
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Presenter
Sheet resistance of conductive epoxy as a function of strain. Unlike traditional epoxy that is usually tough and hard, the graphene-based conductive epoxy is elastic and stretchable. The films exhibit excellent electromechanical performance and stretchability with only subtle changes in sheet resistance with strain up to 20%. Photographs show the conductive epoxy film at a strain of 0% and 50%. 



Conductive Epoxy: Bending, Convex

NAnOTECH
E  N  E  R  G  Y

Ep3-film5

99.5

100

100.5

101

101.5

102

0 1 2 3 4 5 6 7

R/
R o

(%
)

Distance (inch)

L

L` ΔL

L: length of the coated film 6 inches
ΔL: the distance travelled when bending the device
ΔL = 0 inches, is equivalent to totally flat device
ΔL = 6 inches, is equivalent to fully bent device (180 
degrees).
L`: end-to-end distance for the bent film. 

Presenter
Characterization of the electrical performance of conductive epoxy films under mechanical bending, convex bending where the film is under tension forces. The films are mechanically flexible and chemical stable as it maintains its sheet resistance even at a bending angle of 180 degrees (only 1% change. 



Conductive Epoxy: Bending, Concave
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Presenter
Characterization of the electrical performance of conductive epoxy films under mechanical bending, concave bending where the film is under compression forces. The film shows excellent mechanical properties with no obvious change in sheet resistance. 
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