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Liquid Metal- Eutectic Gallium Indium (EGaIn)

Video credit: M. FordLadd, C., et al. Adv. Mater. (2013)

• Liquid metal with 𝑇𝑇𝑚𝑚,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 ≈ 15℃

• Low viscosity and negligible toxicity
• Forms 3-5 nm oxide skin in presence of oxygen, allowing the metal to be 

shaped and molded 

𝑇𝑇𝑚𝑚,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏𝑝𝑝𝑝𝑝 ≈ −85℃
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Liquid Metal

Video credit: M. Bartlett
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Fabrication

Bartlett, Fassler, Kazem, Markvicka, 
Mandal, Majidi, Adv. Mater. 2016.

Centrifugal Mixing

Nano-CT Scan

Ga-Based Liquid 
Metal Liquid Elastomer
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Unique Combination of Properties- Thermal Conductivity

M. Bartlett et al, PNAS, 2017

Remains electrically 
insulating
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Lightweight Liquid Metal 
Elastomer Composites
Soft, stretchable elastomer composite 
capable of detecting, locating, 
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Soft, stretchable thermally conductive 
elastomer composite
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Large Area Thermal Management

Density: 
•Elastomer- 1.0 g/cm3

•Ga-based liquid metal- 6.3 g/cm3

Mixing ratio: 
•>50 vol% or >85 wt% EGaIn

Problematic: 
•Weight sensitive applications
•Large area electronics or thermal 

management

E. Krings et al, Small, 2021
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Filler-Composite Properties

Density Thermal Conductivity

Increases

E. Krings et al, Small, 2021
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Filler-Composite Properties

Density Thermal Conductivity

Increases

𝝆𝝆𝒑𝒑 ∝ 𝝆𝝆𝒄𝒄

𝝆𝝆𝒑𝒑 ∝ 𝒌𝒌𝒑𝒑

𝒌𝒌𝒑𝒑 ∝ 𝒌𝒌𝒄𝒄

E. Krings et al, Small, 2021
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Filler-Composite Properties

Density Thermal Conductivity

E. Krings et al, Small, 2021

Decrease ρp

Negligible changes 
to kc

Decrease kp

Decrease ρc
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Lightweight Liquid Metal Elastomer Composite

Independently tune density or 
thermal conductivity (functional 

properties)

35%

14%

E. Krings et al, Small, 2021
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Mechanical Properties

E. Krings et al, Small, 2021

Increased loading of hollow glass spheres



14

Smart Materials and Robotics Laboratory   |   Mechanical & Materials Engineering   |   University of Nebraska-Lincoln

Normalized Thermal Conductivity

E. Krings et al, Small, 2021



15

Smart Materials and Robotics Laboratory   |   Mechanical & Materials Engineering   |   University of Nebraska-Lincoln

Thermal Conductivity

E. Krings et al, Small, 2021
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Lightweight Liquid Metal 
Elastomer Composites
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Liquid Metal Composite Thermal Conductivity

Increase loading

M. Bartlett et al., PNAS, 2017

Increase aspect 
ratio

Controlling droplet microstructure would enable 
highly tunable functional response and 

enhanced material properties
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Direct Ink Write Alignment of Fillers

Compton, B. G. et al., Adv. Mater. (2014)
Gantenbein, S. et al., Nature (2018)
Gladman, A. S. et al., Nat. Mater. (2016)

A. Haake et al., Adv. Mater., 2022

Solid-liquid emulsions offer new opportunities to 
not only control the orientation but also the shape 

of the liquid inclusions during direct ink writing
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Direct Ink Write Alignment of Filler

Parameter Sweep: 
•Nondimensionalized print head velocity

𝑉𝑉∗ ≡ 𝑣𝑣/𝑐𝑐 =
𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑠𝑠𝑝𝑝𝑒𝑒𝑒𝑒𝑒𝑒
𝑒𝑒𝑒𝑒𝑝𝑝𝑝𝑝𝑒𝑒𝑠𝑠𝑝𝑝𝑒𝑒𝑝𝑝 𝑠𝑠𝑝𝑝𝑒𝑒𝑒𝑒𝑒𝑒

•Nozzle height H

C

A. Haake et al., Adv. Mater., 2022
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Printing Design Map

A. Haake et al., Adv. Mater., 2022

AR
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Direct Ink Write Microstructure Control

A. Haake et al., Adv. Mater., 2022

•One ink
•One nozzle
•Multiple properties 

with spatial control
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2D Structures

A. Haake et al., Adv. Mater., 2022
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Print Thermal Messages

A. Haake et al., Adv. Mater., 2022
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3D Structures

A. Haake et al., Adv. Mater., 2022
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Multi-material Printing

A. Haake et al., Adv. Mater., 2022
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Questions
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