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Abstract

In this study, the Johnson-Kendall-Roberts (JKR) theory was combined with the instrumented indentation
technique (IIT) to evaluate work of adhesion and modulus of elastomeric polymer. Indentation test was used
to obtain the load-displacement data for contacts between Tungsten Carbide indenter and elastomeric polymer.
And the JKR contact model, contrived to take viscoelastic effects of polymer into account, was applied to
compensate the contact area and the elastic modulus which Hertzian cortact model would underestimate and
overestimate, respectively. Besides, we could obtain the thermodynamic work of adhesion by considering the
surface energy in this contact model. In order to define the relation between JKR contact area and applied
load without optical measuring of contact area, we used the relatior. between applied load and contact
stiffness by examining the correlation between JKR contact area and stiffness through dimensional analysis
with 14 kinds of elastomeric polymer. From this work, it could be demonstrated that the interfacial work of
adhesion and elastic modulus of compliant polymer can be obtained from a simple instrumented indentation
testing without area measurement, and provided as the main algorithm of compliant polymer characterization.
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Fig. 1 Definition of thermodynamic work of (a)
cohesion: same material and (b) adhesion:
dissimilar material
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Fig. 2 Contact of two elastic bodies (radius Ry, R;) with
applied load (P) and contact radius (a) in (a)

Hertz model and (b) JKR model
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Fig. 3 Contact between a rigid hemispheric indenter and
a flat ccmpliant elastic polymer
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Fig. 4 (a) Micro indentation system (Frontics, Inc.,
Korea) and (b) contact between identer(WC.Co)
and compliant polymer (PDMS)
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Fig. 5 (a) Commercial instrumented indentation tester
and (b) load-displacement curve in loading or
unloading condition
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Table 1 Basic properties of PDMS and Si-RTV

Materials
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Fig. 6 Verification of (a) elastic behavior of PDMS(10:1) in
prepared experimental range and (b) repeatability and
reproducibility of micro indentation system used in
this study
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Fig. 7 Load-displacement curve of (a) real JKR contact
and (b) distorted JKR contact in a viewpoint of a
general instrumented indentation system
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Fig. 8 Dimensionless parameters and schematic
procedure to obtain the correlation between
two parameters through curve fitting
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Table 2 Elastomeric polymers used in dimensional analysis
and their K values & standard deviations

Elastomeric polymers K STDEV

A PBLG 1.9215 0.0152

B PDMS 2.0170 0.0140

C PE(HDPE) 2.1819 0.0018

D PIB 2.0103 0.0153

E cis-PIP 2.0248 0.0147

F PMP 1.9905 0.0043

G PP 2.0469 0.0123

H PMDA 1.9639 0.0158

1 PTFE 2.0670 0.0133

J PTHF 1.9768 0.0199

K PVAC 2.0248 0.0147

L PVA 1.9215 0.0152

M PVF 2.1819 0.0018

N PVDF 2.0670 0.0133
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Fig. 10 Change of load-displacement curve for (a)
increasing loading-unloading rate and (b)
holding time (30 s) because of viscoelastic
effect
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their curve fitting
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Table 3(a) work of adhesion results between indenter
surface(WC) and elastomeric polymers
(PDMS, Si-RTV)

Work of adhesion

Reference  Estimation
AVE STDEV
PDMS +WC 39.63 18.03 - <25
Si-RTV+WC 4447 2L.56 - <32

Table 3(b) Elastic modulus of elastomeric polymers
(PDMS, Si-RTV)

Elastic modulus

Reference
AVE STDEV
PDMS 1.24 0.16 1.04
Si-RTV 217 0.30 <34
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Fig. 15 Comparison of (a) work of adhesion and (b)
elastic modulus by modified JKR theory and by
reference data (polymer handbook)
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