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Liquid Metal Integrated Multifunctional Elastomeric Materials For Soft Technological Applications
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Abstract

Liquid metal (LM) integrated elastomeric composites are a breakthrough in soft multifunctional materials (SMMs) having immense transformative potential leveraging innumerable possibilities towards
high-end engineering applications. LMs like eutectic gallium-indium alloy mitigate the long-withstanding filler-matrix modulus mismatch issues of a rigid filler-based composite while imparting immense
functionality. In this work, viable strategies of introducing LM into different elastomeric matrices such as block copolymeric thermoplastic elastomers and silicone rubbers, bearing efficient interactions
have been attempted via liquid state and vacuum processing which facilitates a homogeneous droplet-matrix morphology addressing significant phase-incompatibility and sedimentation of the LM phase
often encountered in such materials. The elastic behaviour of the LM inclusions synergistically interacts with the matrix rubbers imparting outstanding mechanical features like, ultra-stretchability, and
reduced hysteresis loss over an unfilled elastomer while inducing multifunctional attributes like remarkable enhancement of dielectric permittivity, thermal conductivity, piezoconductivity, and IR
response. The experimentally determined results have been also rigorously analyzed and validated using theoretical models like Eshelby’s and modified Eshelby’s approach, modified Cole-Cole model,
and Bruggeman formulation. The theoretical analysis also delves deep into the exciting outcome of LM inclusion size-driven softening or stiffening of the elastomeric matrix. Henceforth, this work
provides a facile and scalable pathway to establish LM-elastomer interactions towards soft, multifunctional composite materials ratifying their instrumentality towards the possibility of smoothening the
human-machine interface suited for next-generation soft robotics and wearable devices.
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L LM sedimentation and phase separation in a biphasic LM-block copolymer has been mitigated
with reasonable success

UEnhanced dielectric, thermal, electrical and magnetic properties could be achieved suitable for
energy harvesting and thermoregulation devices

U Ultra-soft and skin-like binary composites have been fabricated by infusing LM into LSR with
reasonable softness

(] Unlike the block copolymer matrix, the LSR-based composites exhibits a stiffening effect of
LM inclusions owing to size-scale driven phenomena
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