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Tribological properties of modified graphene anoribbon/
bismaleimide composites
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Abstract: In order to improve the compatibility of graphene with bismaleimide (BMI) resin and enable it to
rapidly form high-quality self-lubricating transfer films during friction. HBPSI/Ni/GNRs/BMI composites
were synthesized by combination of BMI resin with HBPSi/Ni/GNRs composite particles, which were
obtained from modification of graphene nanoribbons (GNRs) by hyperbranched polysiloxane (HBPSI) and
Ni nanoparticles. The influence of structure, morphology and addition amount of the composite particles on
the tribological properties of the composites were analyzed by FTIR, SEM, TEM, tribological wear testing
machine and molecular dynamics simulation, with further evaluation on their friction and wear mechanism.
The results showed that HBPSI and Ni nanoparticles were successfully loaded onto the surface of GNRS,
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while HBPSI/Ni/GNRs composite particles significantly improved the tribological properties of BMI
composites compared with GNRs. When addition amount (mass fraction) was 0.6%, the friction
coefficients and volume wear rate of the HBPSI/Ni/GNRsBMI composites reached the lowest values of
0.18 and 1.9x10° mm%(N-m), respectively. The strong interfacial interaction between HBPSI/Ni/GNRs
composite particles and BMI resin was the key to enhance the shear resistance of its composites.

Key words: graphene nanoribbons; Ni nanoparticles, hyperbranched polysiloxane; tribology; molecular

dynamics simulation; functional materials
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Fig. 1 Schematic diagram of synthesis of HBPSi/Ni/GNRs composite particles
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) HBPSI/Ni/GNRs/BMI &4 KL . &
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GNRs B il 5 0 2 G4 ek b, BARBC T
W 1,
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FHEHIBC 5
Tablel Formulationsof BMI composites with different
GNRs and HBPSi/Ni/GNRs additions

GNRs ( 5 HBPSI/Ni/GNRs) 7&in&/%

JER}
02 04 06 08 10
GNRs ( 5§ 02 04 06 08 10
HBPSI/Ni/GNRs ) ifg/g
BDM/g 570 569 56.8 56.7 56.6
DBA/g 428 427 426 425 424

1.3 ZHRMTSEENR

SR FH 8 HL AR e 21 A6 TG RE BE AL Y FTIR
T, RALAR R R % 50 L 4000~400 cmi
HRKBEE N 64 K, /4R dem™, RS & 4T
FH T BT B R R RS, A B
e S ASONF X 2 T A et 4 A R, SR A5 T
BETE 200 KV T RS S I OWE S . 5 18 GB/T
2567—2008, K FJT AEAHEHARAL, 8t = i,
W5 B i O S R R . K BB GBJT 2567—2008, #f
AT 5 A b R R T S K AR SR T R
IR AL S Y b AT by, 0 ERE A A b SR
il FHAT RS e IR EE S B B 0 L, AE T EERE . 2
196 N K% 200 r/min B4 2540 GHAE il 0 BB 82 2 1
REEATIN . SR L AMNABR A & A 4 k2R 770
i, RH Materials Studio 8.0 AR e v A% (& 2)
FEXF A ORI T 27 3h 1 2E R

K2 BMI(a), HBPS (b). GNRs(c) il Ni 44Kk (d)
A4S AR
Fig. 2 Structural models of BMI (&), HBPSi (b), GNRs (c)
and Ni nanoparticles (d)

2 GRS

2.1 HBPSI/Ni/GNRs & L FHIF IR R L5

FIH FTIR M T GNRs. HBPSI . Ni 44K ki1 .
Ni/GNRs Fll HBPSI/Ni/GNRs & & ki T i fk2r 454
K 3 FiR o

B L 907 e |
4000 3500 3000 2500 2000 1500 1000 500
WeE/cm™

&l 3 GNRs.HBPSi . Ni 44k 4+ . Ni/GNRs 1 HBPSI/Ni/
GNRs & & #i T FTIR 3% 5
Fig. 3 FTIR spectra of GNRs, HBPSI, Ni nanoparticles, Ni/
GNRs and HBPSIi/Ni/GNRs composite particles
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a. b—GNRs; c. d—Ni/GNRs; e, f—HBPSi/Ni/GNRs
K 4 GNRs, Ni 44T . HBPSI/Ni/GNRs ) TEM ( a,
c. e) & SEM (b, d. f) E; HBPSI/Ni/GNRs [#J
Mapping &l (g~j)
Fig. 4 TEM (a ¢, €) and SEM (b, d, f) images of GNRs,
Ni/GNRs and HBPSi/Ni/GNRs; Mapping images of
HBPSI/Ni/GNRs (g~j)
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Fig. 5 Effects of addition amount of GNRs and HBPSi/Ni/
GNRs on flexural strength (a) and impact strength
(b) of BMI composites
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Fig. 6 Cross-section SEM images of composites
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<
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Fig. 7 Effects of GNRs and HBPSi/Ni/GNRs addition amount
on friction coefficient (a) and volume wear rate (b) of
BMI composites
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0.6%lt , GNRs/BMI #1 HBPSI/Ni/GNRs/BMI & & #1
R EE I R B IA B /AKX, 430028 0.28 #10.18, 5
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Fig. 9 SEM images of worn surfaces of BMI resin (a), 0.6%
GNRs/BMI (b), 0.6% HBPSI/Ni/GNRs/BMI (c)
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Table 2 Interfacid interaction energy of GNRYBMI and
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Fig. 13 Shear conformations of friction models of GNRSBMI
(a) and HBPSI/Ni/GNRs/BMI (b) composites
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