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ABSTRACT. Electromagnetic interference (EMI) shielding coating materials with thicknesses in
the microscale are required in many sectors, including communications, medical, aerospace and
electronics, to isolate the electromagnetic radiation emitted from electronic equipment. We
report a spray, layer-by-layer (LbL) coating approach to fabricate micron thick, highly-ordered

and electrically-conductive coatings with exceptional EMI shielding effectiveness (EMI SE












Here, we develop a spray LbL coating technique to fabricate thin (up to 30 um thick), highly-
organized and electrically-conductive graphene based coatings on a substrate, alternating
negatively-charged reduced graphene oxide flakes and positively charged polyelectrolyte (PEI)
to render (RGO/PEI), coatings (n = number of deposition cycles), as schematically represented in
Figure 1. We show how the microstructure, level of orientation of the graphene flakes and
electrical properties of the LbL coatings develop as a function of the amount of reduced
graphene oxide deposited per cycle, while keeping the amount of PEI and n constant, and we
relate it with their EMI shielding effectiveness. An outstanding maximum EMI SE of 29 dB was
obtained for a 6 um thick (PEI/RGO), coating with 19 vol.% loading of reduced
electrochemically-exfoliated graphene oxide flakes with diameters ~3um, making our coatings

potentially promising for EMI shielding applications.

RESULTS AND DISCUSSION

Microstructure of the (PEI/TRGO), LbL coatings

Multi-layered graphene coatings were prepared using a LbL approach by alternating self-
assembly of negatively charged thermally reduced GO (TRGO) and a positively-charged
polyelectrolyte (PEI), n times on a PET substrate, as represented schematically in Figure 1. (Zeta
potential revealed negative charges of about -50 mV and -40 mV for 0.5 mg/mL dispersions of
100um-TRGO and 20um-TRGO, respectively, in ethanol, whereas a positive charge of ~12 mV
was found for a 10 mg/mL PEI/H,0 solution). The microstructure of the top surface and
transverse section of the LbL (PEI/TRGO), coatings is studied by SEM (details in the
Experimental Section) and the micrographs are shown in Figure 2. The top surface has wrinkles
(Figures 2a,b) similar to the topology of the TRGO flakes (TEM micrographs Figure S1, Sl).

This is consistent with a LbL formation where the particles dictate the morphology of the









Laser Propagation

>
Laser Polarization

0.0 4

0.0
024

0.4

|
g0 Ll -

s 1

10.8 vol.%

180 L

100um-TRGO (z axis)

\ 11,

24 vol.%

180 L

100um-TRGO (z axis)

|
0

38 vol.%

100um-TRGO (z axis)

1.2 4

0.2 o

| {
41

80
1 45wt.% Graphene pb (x axis)

{
- 180 L4

|
180 LL_a

> 2wt [,
10.8 vol.% 100um-TRGO (x axis)
Ip = 0.68-cos*(®,) + 0.26

110 70

Ip = 0.48-cos*(®,) + 0.54

90
110 100 80 70

22 !
38 vol.% 100um-TRGO (x axis)0
Ip = 0.48-cos*(®,) + 0.55

Figure 3. Variation of /p as a function of @z (a, c, e) and ®x (b, d, f) for (PEI/100upm-TRGO);

coatings with different graphene loadings. Schematic description of the x, y and z directions in

the coating specimens.

A fitting of the data plot in Figure 3 follows a function on the form:

Ip = A-cos” &, + B

Equation (1)

with A =0 and B =1 for completely randomly oriented flakes, and A = 1 and B = 0 for a perfect

alignment of the flakes. A higher level of orientation (i.e. a higher A and a lower B, see Figure 3)

is detected in coatings with 10.8 vol.% graphene than with 24 and 38 vol.%, for the same n. This

may be due to a combination of more overlap between the flakes and the formation of small
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Figure 4. Log-log plots of conductivity as a function of frequency for (PEI/20um-TRGO), and

(PEI/100pum-TRGO), LbL coatings (n =2, n = 10) for different graphene loadings.

Percolation threshold

The percolation threshold depends on the flakes lateral dimensions and n. For the (PE1/20pum-
TRGO), systems the percolation is between 14.05 and 24.86 vol.% of graphene for n = 2, and
between 0.3 and 1.8 vol.% for n = 10. For LbL coatings with 100um-TRGO this is in the ranges
of 3.6-9.8 vol.% and 0.2-1.19 vol.% for n = 2 and n = 10, respectively. Figure 5 shows the
conductivities of the LbL structures at 1Hz as a function of graphene loading for the two

graphene types studied here at n = 2,10. These show S-shape curves typical of percolated
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