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SUPPLEMENTARY NOTE 1: COARSE-GRAINED POTENTIALS

i.  Polypropylene

57.36 2.98 9.32 119 | 0.74, 100, 1; -1.41, 190, 2

Table S1. Parameters of bonded interactions in the PP model.!

4.3 0.625

Table S2. Parameters of non-bonded interactions in the PP model.'

ii.  Graphene

Bond do=2.8A
Dy = 196.38 kcal/mol
a=155A"
dee = 3254
Angle 0y = 120°
kg = 409.40 kcal/(mol rad?)
Dihedral kg = 4.15 kcal/mol; ¢_ = 0%n = 2

Table S3. Parameters of bonded interactions in the graphene model, where d,; is the bond cutoff

(failure criterion) that corresponds to the maximum force on the bond.?



Interactions Parameters

Non-bonded oy = 3.46 A
g = 0.82 kcal/mol

Teur = 12 A

Table S4. Parameters of non-bonded interactions in the graphene model, where 7., is the cutoff

radius.’

iii.  Graphene oxide and reduced graphene oxide

Interaction Functional Form

Bond | Type I potential and parameters:
V, (d) = Do[ 1 — e=ad—do)]?
dy=2.86A
Dy = 443.07 kcal/mol
a=154A"1
dee = 3.7A
Type Il & 111:

Vg (d)
kbe(d_do)z; d < dgy
kbp(d - dcl)z + Zkbe(dcl - dO)(d - dcl) +Cy; ch <d < ch
= kpp(d — de)? + [2kpy(dey — der) + 2kpe(der — d)|(d —d2) + Co; d > dy
C1 = kpe(der — dp)?
Cy = kpp(dez — de1)? + 2kpe(dey — do)(dez — dy) + C4

Type Il parameters:

do =294 A
d,=3124
d, =3.46A




ky, = 317.34 kcal /mol A”

ky, = 126.94 keal/mol A”

kys = 634.68 kcal /mol A”
Type 11l parameters:

do = 2.80 A
d., =3.00A
d.,=420A
deye =434

ky, = 256.10 kcal /mol A”

ky, = 21.34 kcal/mol A

kys = 512.20 keal/mol A”

Angle Va(8) = ko(6 — 6)*
0y = 120°
Type | parameter: kg = 456.6111%)’]l
Type |l parameter: kg = 259.47%
Type Il parameter: kg = 189.931:;—5’)‘11
Non-bonded

on?2  on\°
o= 1 |(2) ()]
0, =748A

Type C parameter: g; = 0.0255 kcal/mol

Type H parameter: ;; = 0.128 kcal /mol

Type E parameter: g;; = 0.0797 kcal /mol

Table SS. Functional forms and parameters of coarse-grained model of graphene oxide and

reduced graphene oxide.’




SUPPLEMENTARY NOTE 2: GRAPHENE NANOPLATELETS

Graphene was used as a nanofiller in the polymer matrix. The graphene nanoplatelets (GNPs)
production was carried out by using a commercially available shear laboratory mixer by Silverson.
The raw material for the production process is graphite powder which was obtained from NGS
Naturgraphit GmbH, Germany, with a particle average lateral size of 500 microns.

The main component of the mixing apparatus is a 4-blade rotor placed within a fixed screen
(stator), which aims to apply the required shear stress field for the graphite exfoliation to take
place. After the graphite powder is weighed into the mixing vessel, the required aqueous-based
exfoliating liquid containing surfactant (Triton-X) is added. At the initial stage of the shear
exfoliation process, the mixer head is driven towards the liquid solution into the vessel and operates
in low rotational speed. The speed is gradually increased from 1000 rpm to 5000 rpm and the
system runs at high speed for about 40 minutes. Finally, the mass of the produced exfoliated
graphene is measured after drying at 80 °C for 24 h under vacuum conditions.

The carbon content of produced graphene platelets is about 91%. The GNPs powder dispersed on
the adhesive conductive tape for scanning electron microscope (SEM) characterization is shown
in Figure S1: the platelets have a lateral dimension within the range of 2-5 um, and a thickness of
5-7 nm (see Figure S2). The material appears to be partially exfoliated (or reaggregated) with
platelets showing highly exfoliated regions together with thicker crystals.
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Figre S1. SEM imagés of graphene nao-platelets, at different magnifications.
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Figure S2. Size distribution of the graphene platelets.




SUPPLEMENTARY NOTE 3: EXPERIMENTAL VS. MODELLING RESULTS
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Figure S3. Stress vs. strain curve in the elastic region for the pristine PP.
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Figure S4. Average values with standard deviation of relative (a) Young’s modulus, (b) Poisson’s
ratio, and (c) thermal conductivity enhancement of PP reinforced with graphene with respect to
the values of pristine PP. Coarse-Grained (CG), Finite Element (FE), Mean Field (MF) and
experimental results are compared.



SUPPLEMENTARY NOTE 4: TABULATED RESULTS

0.0

0.989 (0.027)

0.989 (0.027)

0.138 (0.003)

0.138 (0.003)

0.1

1.022 (0.030)

0.997 (0.134)

0.143 (0.005)

0.160 (0.004)

0.5

1.054 (0.163)

1.008 (0.038)

0.148 (0.001)

0.163 (0.019)

1.0

1.080 (0.059)

1.052 (0.048)

0.150 (0.001)

0.171 (0.009)

1.5

1.115 (0.116)

1.068 (0.197)

0.151 (0.003)

0.172 (0.001)

2.0

1.119 (0.207)

1.095 (0.021)

0.152 (0.001)

0.173 (0.001)

Table S6. CG-MD results of PP/GO and PP/rGO nanocomposites.

0.0 | 0.989 (0.027) 0.989 0.989(0.027) 0.989
0.5 | 1.046(0.062) 1.0096 1.011(0.001) 1.076
0.8 | 1.124(0.103) 1.022 1.024(0.001) 1.123
1.0 | 1.196 (0.026) 1.0303 1.026(0.000) 1.154
15 | 1.28(0.118) 1.0513 1.045(0.006) 1.235
20 | 1.34(0.134) 1.0724 1.069(0.005) 1.319

Table S7. Comparison of Young’s modulus obtained from coarse-grained and continuum

simulations of PP/Gr.




0.0 0.436 (0.005) 0.436 0.436 (0.005) 0.436
0.5 0.431 (0.006) 0.435 0.435 (0.000) 0.431
0.8 0.428 (0.006) 0.434 0.434 (0.000) 0.429
1.0 0.425 (0.000) 0.434 0.434 (0.000) 0.428
1.5 0.426 (0.007) 0.433 0.433 (0.000) 0.425
2.0 0.427 (0.004) 0.432 0.432 (0.000) 0.422

Table S8. Comparison of Poisson’s ratio obtained from coarse-grained and continuum simulations

of PP/Gr.

0.0 0.137 (0.000) 0.137 0.137 (0.000) 0.137
0.5 0.142 (0.008) 0.143 0.142 (0.000) 0.141
0.8 0.142 (0.000) 0.146 0.145 (0.001) 0.144
1.0 0.145 (0.002) 0.148 0.146 (0.001) 0.145
1.5 0.145 (0.000) 0.155 0.152 (0.001) 0.15
2.0 0.144 (0.003) 0.160 0.155 (0.002) 0.154

Table S9. Comparison of thermal conductivity obtained from coarse-grained and continuum

simulations PP/Gr.




0.0 0.944 0.944 (0.068)
0.5 0.107 1.05 (0.028)
0.8 1.139 -
1.0 1.188 1.176 (0.048)
1.5 1.336 -

Table S10. Comparison of Young’s modulus obtained from experiments and continuum

simulations of PP/GNPs.

0.0 0.23 0.23 (0.005)
0.5 0.242 0.236 (0.003)
0.8 0.248 -
1.0 0.255 0.250 (0.005)
1.5 0.267 -

Table S11. Comparison of thermal conductivity obtained from experiments and continuum

simulations PP/GNPs.
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