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Microstructure and Properties of High-durability Graphene
Oxide-reinforced Nitrile Butadiene Rubber Composites
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(1. Institute of New Electrical Material, China Electric Power Research Institute, Beijing 100192, China;

2. State Key Laboratory of Organic-Inorganic Composites, Beijing University of
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Abstract: High-durability nitrile butadiene rubber (NBR) composites are crucial for the long-term safe
operation of related electrical equipment. However, the microstructure and comprehensive properties
of traditional NBR composites reinforced with nanospherical particles do not meet the durability
requirements. Therefore, this study employed a green aqueous compounding technology to introduce
graphene oxide (GO) with excellent water dispersibility into NBR latex. This yielded a well-dispersed
GO/NBR masterbatch, which was further compounded with other components to prepare NBR composites
co-reinforced by the lamellar filler GO and the spherical nanofiller carbon black. Compared to traditional
carbon black and lamellar kaolin clay, GO enhanced the nanofiller network, strengthened the interaction
with NBR rubber molecular chains, and increased the crosslink density. At a GO content of only 2 phr
(parts per hundred rubber), the modulus and tensile strength of the composites were higher than those of
systems reinforced with carbon black or kaolin clay. Most importantly, the crack growth rate of the GO-
reinforced NBR composite was reduced by 26.0%, and the critical tear energy was increased by 31.6%,
compared to the traditional carbon black reinforced NBR composites.
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Table 1 Basic formulation

The loading of ingredient (phr)

Materials
CB/NBR Kaolin/CB/NBR GO/CB/NBR
NBR1052 100 100 90
NBRlatex (LX550L) 0 0 10
Carbon black N550 20 20 20
Semi-reinforcing
40 40 40
Carbon black DLK-B1

Carbon black N330 10 0 0
Kaolin 0 10 0
GO 0 0 2

Note: The unit of ingredient loading in the table is the parts per hundred
rubber (phr).

HAH I EW R 54 Zn0, 14 fER
(SA), 1pBiZFIRD, 1B £ MB, 143857
4010NA, 1 {35l dnif, 8 4 #4277 DOP.
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Figure 1 TEM images of NBR composites reinforeced by (a) CB, (b) Kaolin/CB, (c) GO/CB
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Figure 2 Shear modulus versus strain curves of NBR

composites reinforced with three nanofiller systems
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Figure 3 Temperature dependence of loss factor in three

nanofiller-reinforced NBR composites
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Table 2 Crosslinking characteristics of NBR composites

reinforced with three nanofiller systems

ML MH MH-ML
Sample 4 0 t90
(dN-m) (dN-m) (dN-m)

CB/NBR 1.6 23.93 2233

OminS5ls 4min33s

Kaolin/ . .
1.49 21.82 20.33 Imin0s 5min30s
CB/NBR
GO/CB/ . .
1.9 25.01 23.11 Iminl0s 6minlls
NBR

Note: ML and MH refer to the minimum torque and maximum torque,
respectively. 71 and #o refer to the scorch time and optimum cure time,

respectively.
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Figure 4 Curing curves of NBR composites reinforced with

three nanofiller systems
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Figure 5 NMR-measured crosslink densities of NBR

composites reinforced with three nanofiller systems
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Table 3 Static mechanical properties of NBR composites reinforced with three nanofiller systems

100% Modulus Tensile strength  Elongation at break Tear strength .
Sample Shore A hardness 1 Resilience (%)
(MPa) (MPa) (%) (kKN-m™)
CB/NBR 68 3.9 13.8 271 44.3 29
Kaolin/CB/NBR 65 2.8 12.4 313 40.6 30
GO/CB/NBR 69 43 14.1 273 41.5 31
20 12
—o— W B nk
181 —v— e bR R 10.33
16l —o— GO/ B 10+
5ol
5 7.64
- <8 7.15 :
< £t
& % 6t
EN &
= B ST
S 4t
&
® 3T
2 -
5 1+
0 50 100 150 200 250 300 350 0 - E— — -
NAF (%) IR R g -/ BB GO/

6 3 A KIRMA R 5 NBR &AM RH R - R AR
i
Figure 6 Stress-strain curves of NBR composites reinforced

with three nanofiller systems
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Figure 7 Crack growth rates of NBR composites reinforced

with three nanofiller systems
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Figure 8 Critical tear energy of NBR composites reinforced

with three nanofiller systems
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Figure 9 Schematic illustration of crack growth resistance of NBR composites reinforced with three nanofiller systems
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