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A molecular dynamics simulation and validation of bonding behavior evolution of
aluminum-doped silica matrix-resin bonding interface under water environment

SONG Huamiao' . JIN Zuquan', WANG Pan', ZHU Deju”
(1. School of Civil Engineering, Qingdao University of Technology, Qingdao 266033, Shandong, P. R. China;
2. College of Civil Engineering, Hunan University, Changsha 410082, P. R. China)

Abstract: Basalt fiber reinforced polymer (BFRP) with silica-alumina component, is always used in the
harsh environment such as moist or corrosive environment, and water molecules will lead to the decline of
the bonding capacity between epoxy resin and basalt fiber, which will further affect the mechanical
properties and durability of BFRP. An aluminum-doped silica substrate model of basalt fiber surface is
established by partly replacing silicon atoms with aluminum atoms. The evolution of interfacial bonding
properties between epoxy and aluminum-doped silica substrate in water environment are simulated based on
molecular dynamic (MD). Simulation results show that the bonding force of aluminum-doped silica

substrate with epoxy is weaker than that of pure silica substrate. The epoxy and fiber substrate are bonded
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in the manner of H-bonds formed by oxygen of epoxy-hydrogen of substrate-oxygen of substrate. Water

molecular weakens the bonding capacity by occupying the reactive sites of atomic pairs in H-bond. The

feasibility of the molecular model was verified by the 47. 53% decreased bonding force at the interface

between basalt fiber bundles and epoxy resin under the condition of water immersion for 28 days.

Keywords: basalt fiber reinforced polymer (BFRP) bar; aluminum-doped silica; water environment;

interfacial bonding capacity; molecular dynamics
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Fig. 1 Procedures of cross-linking formation process

1.2.2 #Ha_ffom K 5 o 4 R R A My



% 5

RO, AT TSR R R B L0 5 T A FRMERIE 12

K ERRE (SIO) B a—f1 32, BN FIB R a =
b=4.916 A,c=5. 405 A.a=p=y=090"2", FfiH
JTTEE 3 SUEFM 6 A4 O i+, #ETE x.y M
x I EE AR B R T R R R
Rl T AAARRERRR . B RS A Y P AR AR R
FALRER L, LR S — A A R R AL =0y 2 —
Si JFEF N Al JEFEBE AR R EZR
MRS, VIR0 o 1], il 4l — A AL
BK.BH A bR X w M SO0-Si.

(a) S SRR RE R/ AR M N

Al—O—Sif b, i TR AR SiO;
b ET, M AL R SER T Y AR AR R
R E AL B RS RG] H R isgam, 2R
P Si.OL AL BEHLIG B = 2E X 48 2589 s i Na i
D7 ARFF LA . SR FH RO A 2 58 Hh 1) LS
AT B ML Si—OH,Al-—OH R R pEsE —
S RESL AR | 8 21 555 T 2] Uy 235 A B A8 2
B 2 f R, B R SF 3k 88,37 A X 88. 37 A X
60 A,

1 EIERRYAREWNE; TR ARSI B BN AR T
B2 FRAMEGEEEE
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Fig. 6 Centroid height of the epoxy in dry environment
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epoxy on different substrates along the z-direction
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