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Study on hygrothermal resistance of sizing coatings for basalt fiber
composites based on molecular simulation
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Abstract: After long-term hygrothermal ageing, the bonding between fibers and resin in basalt fiber composites is prone to
damage, making the development of hygrothermal ageing-resistant coatings become a key factor in advancing the
application of basalt fibers. In this paper, the construction of hygrothermal-resistant sizing coatings was carried out through
molecular dynamics simulation and first-principles molecular dynamics simulation. The effects of four types of epoxy
emulsions—diglycidyl ether of bisphenol A (DGEBA), dimer acid-modified epoxy resin (DAER), hydrogenated bisphenol A
epoxy resin (HBPA), and cycloaliphatic epoxy resin (CER)—used as sizing coatings for basalt fibers on the hygrothermal
resistance of basalt fiber reinforced polymer (BFRP) were simulated and analyzed. The results show that owing to the low
polarity and high energy gap of the primary crosslinking structure formed by CER and MHHPA, the CER-modified basalt
fiber (BF-CER) imparts the best insulation performance to the composite; meanwhile, its high interfacial binding energy
results in the highest flexural strength among the four types of samples. Due to its strong dielectric barrier capability and
high binding energy stability, BF-CER displays the best stability in mechanical and electrical properties within 20 h of
ageing. During ageing from 20 h to 120 h, the HBPA-modified basalt fiber shows the highest stability owing to its lower
degree of hygrothermal degradation. In summary, BF-CER possesses the most outstanding hygrothermal ageing resistance.
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Fig.1 Monomer model and Molecular dynamics model design

AR HEHRBEEREU T INPER:Ox
IS ) AR RS B s @ 415 K. 10 MPa [ 4% 1 K 47
NPT 3 /) #4540 @1 A B 5 Lig . 7RI
a2 42 N BFRP A 1) A 57 3 2255 A 45 7 1 1Y)
TUALBR A, I eh I IZ 28 [ A RE N R B BB
BLAA5 7 ClWNa'\H,0 =Fh ek, i B 1(c)Fron . Ik
Ab, 75 375 K. 0.1 MPa [ B FU R 355 R 24T 50 ps 11
NPT 3l /)5 1F 5, DABEAL FETH 2 7E 100°C i #4355
THIE G

o 2% M B K B 1k 8 100 4 AT T BV T H T 4
Fa) R R B PR RS B TE 5, 48 30 MID LD G kR ik is B
0 A e 1 D) 7 BRI ) ATMID B A BEAT 5. [
I R FH R RUSE 52 2 ST B B 33E AT AIMID BE AU T
B ST ER A, LR R AW — IS B 4
PR A ATMD A5 0L A A1, 2 p8 3] U 2R 5 i 2 3=

LT S U A R 2 DR M AR SCAS R 6 R R
o5 IS E AR T H ER I (MHHPAD [ — IR A2 Bk

G546 Can B 1(d) BT s JEAT 48 2 1k B8 S T K A E R
Vi
1.3 RE4FME

T BEYZ bR FRAR N DY 2 R ) %43 5 MHH-
PA ] — IR 38 B 45 R 30 AT 48 e P 2 A, 388 el A v S5
bl Sk ) W DU 24 L THT 2 AR 48 e v IR 95 . DY 2R
SEK6 23 HIAE 0050100 kV/mm L3 PR 85 R 1948 40
WER2 R MR2WLUE H, B I s,
DU 24 5 A P A A R 2 I 0 B P, 3 2 El T 5 4 PN T
LT B L3 7 ) R 7 A TR AR R AT AR
5y 7R W40 4 . BFRP AR/ BT #0256 52 2
ACW A EE BB W A5 ) DA R 2% T LB 46 5 T ik
FE s o G o RS ) S8 R L SCA RS i 3 A R R



FREFAFESE  FE T TR XA L 4 SRR SRR E TR P REBT 5 123

NG5 A6 (PR 5 A 1 /)N () 85 M 0 A A 3ok 2 vp B e
KEI A AR . f A ) CER-MHHPA it 14
) S Z BE 05 32 4L 44 BFRP M K & /N B0 A TR
ke

®2 MERTBREHEIBRIE
Table 2 Dipole moments of four types of primary

cross-linked structures
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Fig.2 Frontline orbit and energy level distribution of four

types of primary cross-linked structures
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simulating hydrothermal ageing
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