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Preparation of Graphene Oxide-modified Thermal Insulation
Layer and Its Anti-plasticizer Migration Performance
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Abstract: Regarding the issue of plasticizer migrating to the insulation layer during propellant storage,
this report has selected layered graphene oxide (GO) as a nanofiller and systematically investigated its
effectiveness and underlying mechanisms in enhancing the anti-plasticizer migration performance of the
insulation layer. GO was prepared according to a modified Hummer’s method, and introduced into an
ethylene propylene diene monomer (EPDM) matrix as a nanofiller. The GO/EPDM insulation layer was
then fabricated via mechanical compounding. Among the samples, GO/EPDM-3 (with 3 phr GO) have
exhibited the most significant inhibition effect on the migration of dioctyl sebacate (DOS), demonstrating
an approximately 18.47% reduction in the equilibrium migration mass of DOS compared to unmodified
EPDM. To further elucidate the regulatory mechanism of GO on plasticizer migration behavior, molecular
dynamics (MD) simulations were integrated in this study to model the migration behavior of DOS within
the thermal insulation layer. The simulation results revealed that, compared to unmodified EPDM, the
migration coefficient and binding energy of DOS in the GO/EPDM system were significantly decreased,
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indicating that the introduction of GO effectively suppressed DOS migration. Both experimental and

simulation results confirmed that the incorporation of GO can effectively enhance the anti-migration

performance of the EPDM insulation layer.

Keywords: Graphene oxide; Thermal insulation layer; Ethylene propylene diene monomer; Plasticizer;

Migration
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Table 1

Experimental formula of EPDM/GO

Formula weight percentage (phr)

Crosslink density (mol/cm?)

Sample

EPDM GO TAIC s Zno Sta CZ  4010NA
GO/EPDM-0 100 0 2 1 5 1 22 2 2.19%10°
GO/EPDM-1 100 1 2 1 5 1 22 2 2.75%10°
GO/EPDM-3 100 3 2 1 5 1 22 2 2.92x10°
GO/EPDM-5 100 5 2 I 5 ! 22 2 3.01x10°5
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GO models

GO

9 7 48 9t GO % DOS/EPDM f] 3t I8 4 1k G
5%, % F} Amorphous Cell 11 5t f] Construction
£ %% 4% 51| ¥4 22 DOS/EPDM 11 GO/DOS/EPDM (1]
e 5 T bl . 7E 4 & & DOS/EPDM. GO/DOS/
EPDM [ 76 %€ ¥ & B J5 » X H % A Forcite f2 5 H
] Geometry optimization {F 4% 347 45 # AL 4k, B
AT BE R E i NEEE ) DOS/EPDM., GO/
DOS/EPDM I JG5€ ¥ i, Wil 2 flr 7 o



2026 &

@ (b)

2 (a) DOS/EPDMIL IR F(b) GO/DOS/EPDMALIE )
FR 73 TR

Figure 2 Molecular models of (a) DOS/EPDM blend and
(b) GO/DOS/EPDM blend
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Figure 7 Models of (a) DOS/EPDM, (b) EPDM, and (c) DOS
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Figure 8 Models of (a) DOS/GO/EPDM, (b) GO/EPDM, and (c) DOS
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