
1 

 

Nanocomposite Dielectric Elastomer Actuator for Micropump 

Diaphragms- Material Fabrication and Simulation Studies  
 

Adithya Lenin1,2, Pandurangan Arumugam1 

1Dept. of Chemistry, College of Engineering-Guindy, Anna University, Chennai, India 

2Department of Mechanical Engineering, University of Iowa, Iowa City, IA 52242, USA 

 

Abstract 

Electroactive polymers are a class of materials that deform when an electric field is applied. Dielectric 

elastomers are classified under electroactive polymers that are capable of producing very large 

deformations and this is due to their elastomeric nature. The fabrication of a dielectric elastomeric 

actuator based on a polymer nanocomposite with ceramic fillers is reported here. Polydimethylsiloxane 

(PDMS) was the choice of dielectric elastomer and hexagonal boron nitride (hBN) was used as dielectric 

fillers, which was added in weight percentages to the polymer. An amorphous carbon-filled polyvinyl 

acetate composite was used as the compliant electrode. Altering the stiffness of the polymer gives the 

ability to bring about small actuations, achieved by adding nanofillers to the polymer matrix. The 

incorporation of hBN into the matrix increased the tensile modulus of the pure PDMS from 0.297 MPa 

to a maximum of 0.535 MPa with a marginal rise in tensile strength. Scanning electron microscopy and 

elemental mapping were carried out to understand the morphology and filler distribution in the 

nanocomposites. From the experiments, the actual voltage (in kV) which was necessary to induce 

visible actuations in the nanocomposites was determined. Data from the experiments were used in the 

simulation studies. Finite element analysis was performed on the diaphragm model to predict the 

behavior of the material and active area displacement of the diaphragm was 1 mm at 8 kV, and 

deformation of 78 % was achieved. The simulation studies showed that the nanocomposite was 

perfectly suitable to be used as a pumping mechanism in micropumps.  
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1. Introduction  

An actuator is a mechanism that converts one form of energy to another. There are several types of 

actuators based on pneumatics, piezoelectrics1, hydraulics, shape-memory alloys2, and electroactive 

polymers3, which can be used for specific functions, with each type having its merits and demerits. The 

most well-known one is the electromagnetic motor where electricity is used to perform mechanical 

motions, viz. rotate the blades of a ceiling fan or rotate an engine crankshaft in the case of a starter 

motor. In both these examples, the electric potential is converted to rotary mechanical work. 

Microactuators are devices that typically have actuations in the range of a few nanometers to 

millimeters4. These actuators are commonly used in micropumps, microvalves5, and switches. 

Dielectric Elastomer Actuators (DEA) are parallel plate capacitors where a dielectric polymer 

is placed between two electrodes. Actuation here takes place when these coated electrodes trap the 

charges flowing through the device. Here the supplied voltage is converted into mechanical actuations. 

These actuations are based on a phenomenon known as electrostriction. Such polymers are known as 

electroactive polymers (EAP). The trapped electrons tend to deform the polymer causing the perceived 

actuation. EAPs produce very large strains almost around 100% or more6,7 and are energy dense 

materials8 and have values around 1.63 J/cm3 for silicone polymers and 4 J/cm3 for acrylic polymers9. 

However, for this to happen the Maxwell stress or electrostatic pressure generated by the electrodes 

must be greater than or equal to the elastic modulus of the material. Such strains are not possible in 

metals and these polymers weigh less10–12, which gives them an edge over conventional actuator 

materials. Based on the actuating mechanism EAPs are broadly classified into electronic13 and ionic 

EAPs14. This paper deals with an electronic EAP actuator. Commonly used electronic EAPs are acrylic, 

silicone polymers15, polyurethanes, and various other copolymers8. Out of these, commercial acrylic 

elastomers17–22 such as 3M™ VHB™ tape and silicones23–26 are extensively studied owing to their 

ability to produce strains up to 100%13. The typical advantages of electronic EAPs over conventional 

actuator materials are their rapid response, large displacements, and ability to retain the deformed 

shape27. However, one of the major drawbacks of electronic EAPs is that they require very high 

actuation voltages, typically in kilovolts. Whereas ionic EAPs require very small actuation potential, in 
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order of volts. Although, the major limitation of ionic EAPs is that it requires an aqueous medium and 

salts to operate effectively28.      

The well-known area of application for DEAs is in the biomedical realm. DEA-based artificial 

muscles could be used as implants to replace damaged muscle tissues to bring back their original 

function. Artificial muscles based on silicone and polyurethanes are the best choice as they are inert 

and biocompatible29–31. Apart from biomedical applications, these materials could also be used in 

sensors, energy storage devices32,33, and robotics16,34,35. This paper focuses on the application of the 

proposed material in microfluidics. Microfluidics deals with the flow control of very low volume fluids 

in the order of microliters. To transport such low volumes at a controlled flow rate36, specialized devices 

known as micropumps are required. EAPs could be useful in fabricating actuation mechanisms for 

micropumps to be used in microfluidic applications37. In micropumps and microvalves, the actuation 

mechanism is based on either electrostatics, piezoelectrics38, electromagnetics39, electrothermal40, or 

conducting polymers41. Since micropumps are used to transport very small volumes of fluids42,43, EAPs 

producing large-scale actuations must be avoided. Else, it would be very difficult to maintain control 

over such small volumes. The need for a low straining actuator with the attractive properties of 

electronic EAPs was the main motivation for developing this nanocomposite EAP.  The material was 

made in such a way that it only produced tiny actuations and these tiny displacements would find 

application in the precise pumping of small volume liquids. The actuation mechanism here is a 

diaphragm that would displace fluids mechanically when supplied with an actuating voltage. Apart from 

microfluidics, there is a need for very precise actuations in the field of space optics to position mirrors 

and associated components. The James Webb telescope has actuators that are capable of making very 

small actuations in the order of nanometers44,45.   

Herein a dielectric polymer nanocomposite was fabricated and its performance as a micropump 

diaphragm was analyzed. The nanocomposite was fabricated out of hBN and PDMS. PDMS is a highly 

elastic polymer that is often used in microfluidic devices46,47. It also facilitates the formation of thin 

films. Electrodes play a very crucial role in DEAs, the electrode material itself must be compliant i.e. it 

should be flexible and should have some electrical conductivity. These two parameters must be strictly 
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followed. Electrode materials are usually carbon-based greases48–50 and metallic powders51–54. Initially, 

the choice of electrodes for this work were carbon-based grease and metallic silver paste. Based on 

experiments it was found that carbon grease electrodes were only suitable for stationary experiments 

and they break contact easily owing to their slippery nature. It was very hard to maintain sustained 

contact between the actuator material and the terminals. Silver paste electrodes applied on either side 

of the dielectric polymer nanocomposite were impractical and this observation was also made by other 

researchers55. It had very low resistance, and began conducting electricity, because of this no 

electrostriction occurred, and hence no actuation. To overcome these issues, we fabricated our 

composite electrodes using amorphous carbon black and polyvinyl acetate. Both PDMS and polyvinyl 

acetate are mutually compatible with each other i.e. the electrodes do not peel off when applied over 

the hBN-PDMS actuator. All the materials used in this work are cost-effective and readily available. 

Stiffness in EAPs can open up many different avenues for it to be used in, but conventional 

stiffening methods are bulky and intricate56. The novelty of the material is its simplicity and ability to 

perform small controllable actuations, realized by tweaking the stiffness by adding hBN nanofillers to 

the polymer matrix. The nanofillers increased the breakdown strength of the material. Hexagonal BN 

has low dielectric permittivity and a high bandgap. The incorporation of hBN into the polymer increased 

its Young’s modulus or elastic modulus. The increase in tensile modulus shows that the material became 

stiff. Thus, making it possible to produce small actuations.  

A filler with high dielectric permittivity would help in lowering the driving voltage but the 

dielectric strength of the actuator would also be low, and device reliability cannot be guaranteed. In a 

previous study, the dielectric permittivity of the nanocomposite was altered with silicone oil, where 

BaTiO3 a very high dielectric constant filler was used6. TiO2 was also used as nanofillers to change the 

permittivity of the composite57. Carbon nanotubes, BNNTs58 and lead titanate were also used as fillers 

to alter the electrical properties59. Although we have considerable expertise in working with BNNTs, 

here we opted to use hBN nanoparticles  to reduce the final cost of the actuator. By using hBN, a sturdy 

nanocomposite actuator was fabricated, with a breakdown strength of 16 kV and a driving voltage of 8 

kV. 
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Finite Element Analysis (FEA) helped in visualizing the working of the diaphragm actuator. 

Experimental data were used in the simulations. COMSOL Multiphysics ver. 5.5 software was used to 

perform the FEA simulations and actuators were designed in Solidworks 2014. The nanocomposite 

actuator showed promising actuation results. 

2. Theory  

The actuations in an EAP are based on electromechanics60–62. The exact working principle is 

electrostriction63,64 along with the Maxwell stresses61,65–67 which are generated when the flowing charges 

across the parallel plate device are restrained via a dielectric medium. These stresses are the main 

driving force for the actuations made. Here hBN was added to the EAP to increase the overall relative 

permittivity or dielectric constant of PDMS.  

When the flowing charges are restricted by the dielectric medium, hBN-PDMS nanocomposite 

in this case, there is a build-up of charges across both electrodes, the trapped charges on either side of 

the electrodes attract or repel each other, thus bringing about some kind of deformation.  Based on the 

placement of electrodes, and dielectric permittivity of the material used, actuations can be manipulated 

as required. In Fig.1, the 3D models of the common actuator types with electrodes are shown.  

 

 

 

 

 

 

 

 
Figure 1 Types of EAP actuators (a) Cylindrical (b) Cantilever beam 
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When a potential is applied between the electrodes, due to its dielectric nature an electrostrictive 

pressure or Maxwell stress is generated. This pressure compresses the EAP, which undergoes 

deformation based on electrode position. This is given by the equation68,69: 

P = εoεr[
v

d
]2    (1) 

Here v is the voltage applied across the electrodes and d is the thickness of the dielectric polymer. With 

this equation, the pressure generated for an applied voltage can be calculated in Pascal. However, this 

equation does not include the parameters of the compliant electrodes. 

Since the actuator is a capacitance-based device, capacitance is given by the following equation: 

C = εoεrA/d       (2) 

Where εr is the relative permittivity of the material, εo is the permittivity of vacuum which is a 

constant, the area of the dielectric medium is A, and the distance between the parallel plates is d. The 

device is a dielectric capacitor, electrostatic energy stored in it is given by, 

U = Q2/2C       (3) 

Or  

U = Q2d/2εoεrA   (4) 

Equation (4) is derived by substituting Eqn. (2) in Eqn. (3). The electrostatic pressure generated 

tends to deform the material by compressing it, thus differential changes are observed in the area (δA) 

and thickness (δd) of the material. However, the volume remains conserved. The strain produced is 

given by70,  

Sz = −P/E    (5) 

Or 

Sz = −(εoεr[
v

d
]2)/E    (6) 
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Where Sz is the strain along the z-axis of the planar surface and P is the electrostatic pressure. 

The elastic modulus of the material, E, is obtained from tensile test experiments. The negative sign 

indicates compression. In this work, the strain produced is small hence planar strains Sx and Sy are the 

same as there is uniform expansion along both axes due to the compression along the z-axis. Therefore, 

Sz is given as, 

     Sx = Sy = −0.5Sz    (7) 

 

3. Experimental methods and characterizations 

3.1 Materials 

The actuator was fabricated out of commercially available room temperature vulcanizing single part 

Anabond silicone/PDMS adhesives. For the sake of differentiation between the the nanocomposite 

actuator and pure PDMS actuator specimens, a red-dyed variant of the PDMS silicone adhesive was 

used to fabricate the nanocomposite actuator, namely the Anabond RTV Red silicone sealant. Pure 

PDMS actuator specimens were made using an undyed transparent variant of the same silicone adhesive 

viz. Anabond 666 RTV silicone sealant.   

Hexagonal boron nitride was purchased from Ultrananotech Pvt. Ltd., India, and used as it is. 

Carbon black (amorphous) purchased from Merck, India, and commercial Polyvinyl Acetate (PVA) 

adhesive purchased from Pidilite Industries, India were used to fabricate the electrodes.  

 

3.2 Actuators and Electrode Fabrication 

Ten grams of PDMS was taken and dissolved in n-hexane. The solution was sonicated until PDMS 

dissolved completely. Then the solution was syringe casted over a clean Polyethylene terephthalate 

(PET) sheet and was spread evenly. To avoid bubble formation, the sheet was placed in an air oven set 

at 30 °C for slow curing. After 24 hours, the PET sheet was taken out and the PDMS film was extracted 

from it by immersing the entire PET sheet in a trough containing n-hexane.  
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During this immersion process, PDMS absorbed the solvent and began to swell, this released 

the PDMS from the PET sheet. The peeled-off PDMS film was then placed in the oven set at 30 °C. 

PDMS film regained its original size after the solvent evaporated. The same procedure was followed 

for fabricating the nanocomposite specimens, except here, hBN filler was added in weight percentage. 

Two different nanocomposites with 2.5 wt. % hBN and 5 wt. % hBN were fabricated. The actuator 

material was trimmed to size as required for the experiments. A schematic of the nanocomposite 

fabrication process is given in Fig.2. 

 

For electrode fabrication, PVA was mixed with a measured quantity of amorphous carbon 

black. Five grams of PVA was taken and dissolved in hot distilled water to get a homogenous solution 

and then 0.125 grams of amorphous carbon was added to the solution to make it conductive. The 

solution was then sonicated for 30 minutes. This suspension was carefully placed at different positions 

on the trimmed composite actuator. Thin strips of aluminium foil were used to create contact terminals.  

It was then placed in the oven at 50 °C for complete evaporation of water. The same was repeated for 

Figure 2 Schematic of actuator fabrication 
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the other side of the actuator. Fig. 3(a-d) shows the pure resin actuator and nanocomposite actuators 

with electrodes and terminals.  

For experimental and testing purposes the actuators were designated as R1 (pure resin), BN1 

(2.5 wt. % hBN), BN2 (5 wt. % hBN), and BD* (5 wt. % hBN). BD* denotes the actuator used for 

demonstrating the breakdown strength. Areas of both BN1 and BN2 were calculated and found to be 

similar.    

 

 

3.3 Experimental Setup and Characterization 

TESCAN VEGA 3 scanning electron microscope (SEM) was used to study morphology in the hBN-

PDMS nanocomposite. Additionally, elemental mapping was employed to confirm filler presence in 

the PDMS matrix. Dielectric permittivity of the nanocomposite was studied using a Keysight E4990A 

impedance analyzer at ambient room temperature.   

Tensile tests were carried out according to the ASTM D882 standard. The tensile strength of 

both PDMS resin and nanocomposite was determined using the Tinius Olsen Universal Testing 

Figure 3 Fabricated actuators and their designation (a) R1 (b) BD* (c) BN1 (d) BN2 
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Machine (UTM).  Thin strips of 10 X 1 cm were cut out from the cured PDMS resin and nanocomposite 

sheets. The length of the samples under each category was 100 mm. The average thickness of the 

samples was 0.580 mm for both pure resin and nanocomposite films. The gauge length was set at 80 

mm. The crosshead speed was set at 100mm/min.  

A high voltage DC power supply unit (range 0- 40 kV) was employed to observe and study the 

displacements in the actuators and to obtain the actuation voltages, which were needed for the 

simulation studies. The actuators were then connected to a high voltage DC power supply unit and 

voltage was increased in a stepwise manner until actuations were observed. The experimental setup is 

shown in Fig. 4.  

 

 

4. Results and Discussion 

4.1 Nanocomposite Actuator Materials  

The SEM morphology of the BN1 and BN2 nanocomposite actuators are shown in Fig. 5(a) and 6(a). 

Figure 7(a) shows the morphology of the nanocomposite electrode with 2.5 wt. % of carbon added to 

polyvinyl acetate (PVA). It is to be noted that there is a substantial difference in filler content. As for 

the composite electrode, closeness among the carbon particles in the polymer matrix can be observed. 

Figure 4 The experimental setup for actuator testing shown along with DC power supply 
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In Fig.5 (b-e) and Fig.6 (b-e), elemental maps of the BN1 and BN2 composite actuators are given. In 

BN1 and BN2, it should be noted that there is an even distribution of hBN among the polymer matrix. 

In Fig. 7 (b-c), the elemental maps of the amorphous carbon-polyvinyl acetate composite are 

shown. Carbon and oxygen are the main elements in this polymer and also there is amorphous carbon, 

all can be seen in the maps.  

Figure 5 (a) SEM image of BN1 nanocomposite; Elemental maps of (b) Boron (c) Nitrogen (d) Silicon (e) Oxygen 

Figure 6 (a) SEM image of BN2 nanocomposite; Elemental maps of (b) Boron (c) Nitrogen (d) Silicon (e) Oxygen 
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4.2 Tensile Tests 

Tensile test samples were placed accordingly in the UTM and load was applied at 100mm/min. In Fig. 

8(a-c), the stress-strain plots of pure resin sample, PDMS with 2.5 wt. % hBN, and 5 wt. % hBN are 

shown. There is a considerable increase in Young’s modulus of PDMS after the addition of hBN fillers. 

This was determined from the slope of the plot.  The elastic modulus of pure PDMS was found to be 

0.297 MPa. After the addition of 2.5 wt. % hBN, modulus increased to 0.344 MPa and the addition of 

5 wt. % hBN increased it to 0.535 MPa. The tensile strength of pure PDMS was found to be 0.563 MPa 

however, there was only a marginal increase in tensile strength after the addition of hBN to the polymer, 

they were 0.573 MPa and 0.581 MPa respectively. From this, it is clear that hBN contributes to the 

stiffness of the composite but not to the overall strength of the material. 

Figure 7 (a) SEM image of nanocomposite electrode; Elemental maps of (b) Carbon (c) Oxygen 
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4.3 Dielectric Permittivity  

Dielectric constant or permittivity is an important factor for DEAs. Pure PDMS has a dielectric 

permittivity of 2.471. The dielectric permittivity for the BN2 actuator at 20 Hz was found to be 3.33.  

4.4 Actuator Testing  

All four actuator types were connected to the DC power supply. Table 1 gives the actuation voltage 

required for each actuator type. When the voltage was increased beyond 5 kV for R1, there was a 

prominent displacement, and the actuator began to throb and stretch, and this confirms that EAPs have 

large strains. As the voltage gradually increased, the material lost its flexibility and became rigid. In 

BN1, there was a gradual increase in the stiffness of the material. This stiffness was more noticeable in 

the BN2 actuator and was due to the greater amount of hBN present in it. The thickness of each actuator 

was found to be 0.2 mm. For actuator BD* the voltage was increased until the breakdown, which was 

16 kV. The circuit shorted out with a bright spark at this stage.  

Figure 8 Stress-Strain plots of (a) pure PDMS (b) 2.5 wt. % hBN-PDMS (c) 5 wt. % hBN-

PDMS 
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Irrespective of the shape of the nanocomposite actuators, all of them showed small 

displacements only. These small displacements were found to be occurring around the edges of the 

electrodes, which then translated to the entire surface of the actuator making it stiff. Such small 

actuations would be useful in areas such as microfluidics.  

Table 1: Actuator test results 

Actuator 

Designation 

Actuator Type Observation Actuation 

Voltage 

Remark  

R1 PDMS resin only No visible crinkling, 

material stuck to the 

non-conductive sheet 

5 kV No filler 

BN1 Composite- 2.5 wt. % 

hBN 

Crinkling around 

electrode edges 

8 kV To study the influence 

of hBN in the actuator 

BN2 Composite- 5 wt. % hBN At 14 kV the actuator 

became stiff, and 

crinkling was more 

prominent 

14 kV Higher filler content 

requires higher 

actuation voltage 

BD* Composite- 5 wt. % hBN A bright spark was 

seen, meaning that 

the circuit shorted out 

16 kV To demonstrate 

breakdown strength of 

actuator material 

4.5 FEA Simulations 

 

For FEA simulations, the properties of the BN2 actuator were used. A micropump diaphragm model 

was simulated in COMSOL Multiphysics 5.5. All the 3D model components including electrodes were 

designed in Solidworks 2014. Two electrodes of different diameters were designed. The larger diameter 

electrode applies greater pressure on the actuator material, this design would aid in pumping the fluids. 

The diaphragm model used here is similar to the one which is found in conventional diaphragm pumps72. 

Then these models were imported into the COMSOL Multiphysics interface. The Physics setting chosen 

for solving the models were Solid Mechanics and Electrostatics, under the Stationary study setting. 

Solid Mechanics study was used to analyze the stresses and deformations that arise in the actuator when 

the voltage is applied. Electrostatics is the primary physics interface that drives the actuator. It provides 

the necessary mathematical functions that help in achieving the electromechanical coupling, which 

causes voltage-induced actuations. A fixed constraint was applied to the base of the model.  
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 In Figure 9 (a-b), the proposed design of the micropump is shown. Figure 9(a) shows the 

micropump in an isometric view. Out of the two electrodes used, one was significantly larger than the 

other, the electrodes’ dimensions are given in Table 2. Both electrodes were placed radially at the center 

of the elastomer. A larger top electrode was used in the diaphragm for creating a higher pressure for an 

effective pumping process. Here both inlet and outlet of the pump are shown. A non-return valve is 

required at the inlet to prevent any backflow. In Figure 9 (b), the same micropump is shown in the front 

view.  

 

 

 

 

 

 

 

 

 

 

 

In Table 2 the model and mesh details are given. The 3D model of the micropump diaphragm was scaled 

down by half to obtain rapid FEA results. 

 

 

 

 

Figure 9 Design of micropump (a) isometric view (b) front view 
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Table 2: FEA model specifications 

 

 

 

 

 

 

 

 

In Figure 10(a-b), the model and mesh of the diaphragm actuator are shown. The minimum 

mesh size was set at 0.03 cm for the diaphragm model. As the mesh size decreases, the results obtained 

become very accurate. In Table 3 the composite material properties are given. These properties were 

used to simulate the diaphragm actuator.   

 

 

 

 

 

Description Diaphragm membrane 

values 

Actuator dimensions 

 

Diameter= 3.0 cm 

Thickness= 0.02 cm  

Top electrode dimension  Diameter= 1.6 cm 

Thickness= 0.01 cm 

Bottom electrode 

dimension 

Diameter= 1.0 cm 

Thickness= 0.01 cm 

Mesh size Fine (0.03 cm) 

Actuation Voltage 14 kV 

Figure 10 Diaphragm actuator (a) 3D model (b) Meshed model, mesh size=0.03 cm 
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Table 3: Material properties of 5 wt. % hBN-PDMS nanocomposite 

Description Experimental 

Value  

Density  970 kg/m3  

 

Relative permittivity 3.33  

 

Young’s Modulus  0.535 MPa  

Poisson’s Ratio  0.48  

 

For the applied voltage of 14 kV, the maximum displacement was 1.05 mm and the 

displacement result is given in Fig. 11(a-b). The resulting displacement generated by the model is small 

but this was what was expected from the material, as this tiny motion would perfectly handle the 

transport of microfluids without any loss. It is important to note the displacement occurs only in the 

active area of the nanocomposite. 

 

 

In Fig. 12, the cross-section of the diaphragm actuator is shown. In this result, the deformation 

in the electrodes and hBN- PDMS nanocomposite membrane can be seen. The plot gives the maximum 

displacement, which is in the active area. 

 

 

 

Figure 11 Displacement of the diaphragm actuator in (a) isometric view (b) side view; scale in mm 
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In Fig. 13, the displacement of the actuator is plotted against the voltage applied. As the voltage 

gradually increases from 0 kV to 14 kV, the opposing electrodes compress the material thereby 

deforming it.  

 

 

 

 

 

 

 

The actuator has a maximum displacement of 1.05 mm at 14 kV, beyond which it fails as 

observed from the experiments. At 3 kV, there is a considerable jump in displacement, it could be said 

that this is the threshold point, here the Maxwell stress generated is very high and the electrodes begin 

to compress the hBN-PDMS actuator. From 3kV to 7 kV, there is an increase of 0.1 mm per kV. At 8 

kV, the displacement is 1 mm, beyond which it begins to saturate and at 14 kV has a displacement of 

Figure 13 Displacement vs Applied Voltage 

Figure 12 Cross section of diaphragm actuator 
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1.05 mm. Thus, this plot gives the operating voltage for the designed actuator, which is 8 kV. Beyond 

8 kV, the plot becomes linear. This is a confirmation that a smooth operation can be expected out of 

this device.   

In Fig. 14(a-c), the von Mises stress generated in the actuator is given along with the energy 

density of the nanocomposite and voltage distribution in the model. The maximum stress generated was 

2.5e4 N/m2 near the electrode of the actuator. The energy density of the actuator is 2.5 J/m3 and is 

concentrated near the electrode areas, implying that the actuator is a capacitive device. Figure 14 (c) 

gives the voltage corresponding to its displacements and this appears as a range of different voltages 

acting on the electrode however, it is the voltage distribution corresponding to the displacement in the 

actuator. It gives a positional representation of the voltage on the electrode and this can be interpreted 

with Figures 12 & 13. It is to be noted that only at a certain voltage a particular displacement is obtained.  

 

 

 

 

 

 

 

 

 

 

 

Figure 14 Important parameters of the actuator (a) von Mises stress (b) energy density (c) voltage distribution 

https://doi.org/10.26434/chemrxiv-2023-70gkd ORCID: https://orcid.org/0000-0002-0929-4143 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2023-70gkd
https://orcid.org/0000-0002-0929-4143
https://creativecommons.org/licenses/by-nc-nd/4.0/


20 

 

From equation (1), the Maxwell’s stress generated for an applied voltage of 14 kV was 

calculated to be 144.5 kPa. The elastic modulus of the 5 wt. % hBN-PDMS nanocomposite was 

experimentally determined to be 535 kPa. In this case, to obtain 100 % deformation or more, Maxwell’s 

stress generated should be three times greater than the elastic modulus of the nanocomposite. However, 

due to the higher material stiffness, the deformation made by the actuator is very small. This increase 

in material stiffness was achieved by the addition of hexagonal boron nitride nanoparticles to the PDMS 

matrix. Therefore, the nanofiller increases the modulus of the material thus making it stiffer, but beyond 

5 wt. % the composite would behave like a resistor and would not be able to produce any actuations. 

 

5. Conclusion  

The need for precision actuators ranges from simple microfluidic devices to complex space telescopes. 

Though the mechanism of actuation would differ, the resultant displacement produced is in the range 

of nanometers to microns. This paper deals with such an actuator that is capable of producing actuations 

in the millimeter range. This actuator works based on dielectric elastomeric actuator technology. These 

typically large straining actuators were made to bring about small actuations by adding Boron Nitride 

nanofillers to the dielectric elastomer.  

Experimental and simulation studies were carried out for the hBN-PDMS nanocomposite 

actuators. There was no large-scale deformation in the nanocomposite actuator, only small visible 

actuations or displacements were seen. Based on the studies, we conclude that the addition of particulate 

dielectric fillers to a polymer matrix could bring about small controllable actuations, achieved by 

increasing the stiffness of a material. The addition of hBN fillers to PDMS altered the overall stiffness 

of the nanocomposite. This is evident from the increase in Young’s modulus of the nanocomposites. 

FEA simulation carried out for the BN2 nanocomposite-based diaphragm showed that a very small 

displacement of 1 mm could be achieved. On comparing this displacement with the thickness of the 

diaphragm actuator, which was 0.2 mm, an overall displacement of around 80% was obtained. The 

operational voltage for the diaphragm actuator was 8 kV and is the same as the conventional operating 
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voltage of existing actuator technologies. Such actuator materials would help in controlled fluid 

transport where a lossless aqueous transfer is critical and in places where precise actuations are required. 

The following inferences were made: 

• The addition of hBN nanoparticles increased the permittivity of the actuator material. 

• More importantly, the addition of hBN altered the stiffness of the EAP (electroactive 

polymer) by increasing the Young’s modulus. This contributes to the decreased straining in the actuator. 

Thus, we conclude that the fabricated dielectric nanocomposite actuator material would be suitable for 

fabricating lightweight and low straining pumping mechanisms for devices such as micropumps. 

• The nanocomposite actuator would be useful to fabricate micropump mechanisms 

where minute volumes of liquids need to be transported such as lab-on-chip devices or high-

performance liquid chromatography columns. Such small displacements would help in creating a linear 

flow and would prove highly efficient in automating the pumping process.  
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