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Figure 1.  Properties of graphene/ethyl cellulose (EC) inks. (a) Schematic showing an atomic 
force microscope image of graphene flakes, a photograph of a graphene/EC ink vial (inset), and 
a printed graphene pattern. Adapted with permission from Reference 4. © 2015 Wiley-VCH. 
(b) Scanning electron microscope image of a printed graphene film. Adapted with permission 
from Reference 6. © 2014 Wiley-VCH. (c–d) Electrical response of graphene patterns to mechani-
cal stresses, showing invariant electrical resistance following (c) repeated bending cycles and 
(d) during bending. Adapted with permission from Reference 2. © 2013 American Chemical Society.
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transfer printing,8 -
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12 By serving as 
 

and silver prevents alloy for-
-

trical contacts and improved 

    The high surface area and 

graphene also motivate appli-

Figure 2.  Applications of graphene/ethyl cellulose (EC) inks. (a) Schematic showing screen-printed graphene 
electrodes for organic thin-film transistors. Adapted with permission from Reference 6. © 2014 Wiley-VCH. 
(b) Optical microscope image of graphene as an interfacial barrier between eutectic gallium-indium (eGaIn) 
and silver. Adapted with permission from Reference 12. © 2017 Wiley-VCH. (c) Photograph of and capaci-
tance-current density plot for inkjet-printed graphene microsupercapacitors. Adapted with permission from 
Reference 13. © 2016 Wiley-VCH. (d) Transmission electron microscope images of lithium manganese oxide 
nanoparticles coated with graphene/EC at different magnifications. Reprinted with permission from Reference 
14. © 2017 American Chemical Society.
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Table I. Summary of graphene/ethyl cellulose ink properties.

    Ink/Method  
Solid 

Content 
(wt%)

Solvents Viscosity 
(mPa∙s)

Resolution 
(μm)

Thickness 
(nm)

MilliporeSigma 
Cat. No.

Inkjet Printing 1.5–2.5
Cyclohexanone, 

terpineol
8–15 50–80 50–200 793663

Inkjet Printing/ 
Photonic 
Annealing

2.2–3.4

Cyclohexanone, 
terpineol, 

diethylene glycol 
methyl ether

7–14 50–80 50–400 900695

Gravure 
Printing 8.0–12

Terpineol, 
ethanol (trace)

750–3000 30–60 50–200 796115

 Screen 
Printing/ 

Blade Coating
13–20

Terpineol, 
ethanol (trace)

5000–
50,000

40–100 200–2000 798983

Spin Coating/
Spray Coating 1.8–3.0

Ethyl lactate, 
ethanol

2–4 — 50–200 900960

a c

b d



732 MRS BULLETIN • VOLUME 43 • OCTOBER 2018  www.mrs.org/bulletin

NEWS & ANALYSIS MATERIALS NEWS

-

 
 resulting in high volumetric capacitance 

3

cm3 -
3 3, 

13 -
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Due to enhanced charge transfer result-
ing from the highly conductive graphene 

-
-

retention at a 20C cycling rate at room 
temperature and nearly full capacity 

and mechanical properties of pristine 

material system for accelerating research 

-

and coating methods provides opportu-

developments to large-scale additive 

-

-

of additional technologies in the future, 
including optoelectronics, sensors, radio-
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