SELF-HEALABLE AND RECYCLABLE SEALANTS-

A SUSTAINABLE SOLUTION FOR AGING INFRASTRUCTURE

SITYoF
EIAWARE.

GENTER FOR
COMPOSITE MATERIALS

Sandra Milev, (Ph.D.C.E.)’, Dr. Jovan Tatar’

University of Delaware | Center for Composite Materials | Department of Civil and Environmental Engineering’

Introduction

« Joints in concrete pavements are formed
to control cracking due to temperature
changes.

« Sealants prevent infiltration of water and
iIncompressible materials into the joint.

Joint provides space to release stresses
in concrete pavement
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Cold poured sealants Preformed sealants

Motivation and Objective

Within a few years, most sealants exhibit
cohesive and/or adhesive failure.

* Maintenance often neglected,
accelerated deterioration of infrastructure
assets.
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Pavement crackihg

Debondmg from concrete

* Develop a self-healing sealant to extend
the service life of concrete pavements.

 Evaluate the effect of compressive force
on the self-healing of joints.

Covalent adaptable networks

 Polymer network can rearrange under
external stimuli (temperature, UV, pH)

 Durable, processable, recyclable, and
self-healable
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Dissociative CANs: decreased network
connectivity occurs during the network
rearranaement
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Kloxin(2013)

Associative CANSs: crosslinks are
exchanged such that there is no loss In
connectivity in the network
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Sealant formulation

Effect of catalyst

« The effect of two tertiary amines on
polymer network formation, mechanical
properties, and  self-healing  was
evaluated.

* |nterest in triethylamine as an effective
catalyst for disulfide exchange or thiol-
disulfide exchange
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Thiol-terminated polysulfide (LP55) posses dynamic
S-S- bonds that can re-form and enable self-healing
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phenol (DMP) (TEA)

Tensile properties and self-
healing efficiency

« Sealant formulations prepared with TEA
exhibited higher tensile strength (~500
kPa) and tensile modulus (740 kPa)
compared to the formulations with DMP
(~150 kPa and 370 kPa, respectively).
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» 78 % of the initial elongation and 100% of
tensile strength were restored In the
sealant prepared with DMP and TEA.

Effect of compressive force on self-
healing of joints

The broken polymer chains in the vicinity of
the crack diffuse and come into contact with
each other.

Compression enhances the contact between
the damaged surfaces and Iincreases
diffusion, accelerating self-healing.

RSy

Diffusion, equilibration and randomization
*Wool and O’Connor (1981)

Effect of compressive force on self-
healing of joints

The joint iIs more open during winter than
during summer when higher temperatures
cause the expansion of concrete pavement

(and compression of the sealant in the joint).
*
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Controlled displacement of: ~ 1 mm and ~2
mm was applied over a 12.5 mm wide joint.

Polyester sheet
PTFE spacers coated with Frekote
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Concrete block Cavities:
6 mmx 12 mm x 50 mm

Compressive strain enhanced self-healing in
the joint by more than 100 % due to
improved chain diffusion at the interface.

[__] Applied strain (10 %) 867

1L_] Applied strain (20 %)
1000 - 8T0
= 800 A J
S
£ 600
A &
D 400- 393

1 241

! 48 4
0 P ——
| LP55-E-R1-DMP1
[ ] LP55-E-R1-TEA1
[ ] LP55-E-R1-DMP1-TEA1

Conclusion

After 24 h of self-healing at room
temperature, 78 % of elongation was
restored Iin the sealant prepared using DMP
and TEA.

Substantial increase In  self-healing
efficiency-when the applied displacement
was increased from 10% to 20%
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