20254F 4545 % mi o= M OB % K 2025, Vol. 45
H1M H111-119 5 JOURNAL OF AERONAUTICAL MATERIALS No.l pp.111—119

S A& X462, FLUR. ZSM-5 Fl rGO BICPEIE 45 PR EUM AR SRR (1], s 1Rk, 2025, 45(1): 111-119.
LIU Fuxin, DU Juan. Nanomaterial modified fusion bonded epoxy resin and its properties[J]. Journal of Aeronautical
Materials, 2025, 45(1): 111-119.

ZSM-5 1 rGO KMt Ia LN A A5 M H 14 gE

XEE, H O

R R Pz TARIR~Z B, K 300300)

FEE: GURPERE T RNR B3 = PR A R 1 ) P BE L OB I P BESE, FIFH QKA Pk 2R A i 2 H i ek S0 Y
— BB FIFGRAEL ZSM-5 43T . i A A 805 (rGO) M #H BAE I (ZSM-5-1GO ) XTI £5 31
SUNE (FBE) #EAT R, J1F 5 Hout W (i B | 45 & JI RIS Bl RE AR IR . 25 SR 360 . ZSM-5 B PRI 45 3R A i
S B4 S FRCRE R BT PT 5, BT LR 44%; vGO SO K 5 R SR R S A S AR R G BT 4R v, 4R T LR Ry
25.7%, JLB I PEREA BT AR5, FHPTIE N 6421 Q - em” 42855 75371 Q « em’; ZSM-5-1GO MU PRI 25 R AW I I e
JEMPEREL I HAR S T RIS 5486 &M & 1, b ZSM-5 5 GO BLLbh 211 B, FEXTIE LS A E IR
ML A TR A, RS 38.84HV, 5MA 4RSS 710 67.5 N,

KPR RS AM NG R E A B 4T PUSThkRe; 458

doi: 10.11868/j.issn.1005-5053.2023.000224

FE 5325 V258; TG174.44 X RKFRIRAD: A XEHE: 1005-5053(2025)01-0111-09

Nanomaterial modified fusion bonded epoxy resin and its properties

LIU Fuxin, DU Juan'

(Sino-European Institute of Aviation Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: Nanomaterials can greatly improve the mechanical properties and corrosion resistance of epoxy resin, and the use of
nanomaterials to modify epoxy resin is an important research direction in the field of coatings. Fusible bonded epoxy resin (FBE)
was modified by ZSM-5 molecular sieve, reduced graphene oxide (rGO) and their interaction (ZSM-5-rGO). The eftects of FBE on
microhardness, adhesion and corrosion resistance were studied. The results show that the microhardness of ZSM-5 modified fused
epoxy resin is increased by 44%. The microhardness value of rGO modified fused epoxy resin is increased by 25.7%, and its
corrosion resistance is improved from 6421 Q - cm’ to 75371 Q » em’. ZSM-5-rGO modified fused bonded epoxy resin has good
corrosion resistance and improves the binding force with aluminum alloy matrix by nearly two times. When the ratio of ZSM-5 to
rGO is 2:1, the comprehensive modification effect of ZSM-5 on fusion bonded epoxy resin is the best, the microhardness is 38.84,
and the binding force with aluminum alloy matrix is 67.5 N.

Key words: fusion bonded epoxy resin; reduced graphene oxide; molecular sieve; anti-corrosion property; adhesion
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AP R . FE 550 °C XTI EIRY ZSM-5 4T
HEAT 6 h 8BE, LIBR 2SR5 5] ZSM-5 KA o
122 GO W4

PPN MR N A 5 mg/mL #4584k £7 85 (GO)
STHORT, R BRI AR B GO AR
AR N 48, IR RSN 3 ho S 45 ) LA
4500 r/min 5% #PEAT B O, R 25 B KPR
IEET A 100 °C T 2 h, IR A, 3K
% 1GO,
123 AR ZSM-5-1GO ¥y AR il 45

PR 1:1(05g:05g) . 1:2(05g:1 g) .
2:1(1 g:0.5 g) i ZSM-5 #y K FI A AL A 880 43 B
TINA G RN 28, INABUIR MR, KL 3 h
JRESE SR LA 4500 r/min ()55 8 9E AT SO, R
HEETKUEEIFT 100 °C T4 2 h, ¥4 54
RS, AR AE LA 1:1, 1:2, 2:1 # ZSM-5-



551 1) ZSM-5 F1 rGO Bl PEME 45 I A A B HA: g 113
GO #i K, rGO ¥y K #1 10 g FBE 3 K L4 320 r/min 1) 5% 3 Bk

124 ARREZEAEESBIZHH %

(1) 4li FBE R JZFE & (S Ml & : ¥ 10g
FBE ¥y A K H = ALy sk 2R & 4 R
FNE, AR5 E T RN AR R AL, R AR
200 °C, [EfLATTE 4 120 min,

(2)ZSM-5-FBE ¥R ZHFEH (S2) (il 25 K 0.1 g
ZSM-5 By Al 10 ¢ FBE # K LA 320 r/min Y54 3 ER
J# 10 min, JE i ZSM-5-FBE IR 5 # K . # ZSM-5-
FBE IR & ¥ AR = A sE o URE R R A4
SRS, AR5 B TR A b [ Ak, IR
k200 °C, [ELHHE K 120 min.,

(3)rGO-FBE ¥ J2 #£ i (S3) By il %5 : # 0.1 g

{ . >
‘ Planetary ball mill

ZSM-5-rGO-FBE
rGO (1:1,1:2, 2:1)

J£ 10 min, J¥ i rGO-FBE IR & ¥y K . # rGO-FBE
IR W AR = A8y R B B R A S K
P, ARG T M A [ Ak, AR R R
200 °C, [E4LHHE A 120 min,

(4)ZSM-5 5 rGO AFIfiLHL(1:1.1:2.2: 1) &
AURIZ(S4. 85, S6) 45 : K 0.1 g AR BT AC He
(1:1,1:2,2:1) 1 ZSM-5-rGO ¥ A 1 10 g FBE ¥}
A LA 320 r/min i 5% HEK B 10 min, JE K ZSM-5-
FBE IR & # K . ¥ ZSM-5-FBE IR &8 A % JH =l
MR R E AR A S5 R R T, AR5 8 T ER
I @Ak, AR IR EE A 200 C, B4R E] A
120 min, Hl&REEMAE 1 R

Composite epoxy
coating

»
»

High temperature curing 2 h

2A12 aluminum
alloy pattern

Kl 1 S4.S5.86 Iyl & ke
Fig. 1 Preparation process of S4, S5 and S6
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Fig.2 SEM images of 11 powders

(a)ZSM-5; (b)rGO; (c)mass ratio of ZSM-5 to rGO is 1:1; (d)mass ratio of ZSM-5 to rGO

is 1:2; (e)mass ratio of ZSM-5 to rGO is 2:1; (£)S1; (g)S2; (h)S3; (i)S4; (j)S5; (k)S6
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Fig. 3 XRD patterns of five powders
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Fig. 4 FTIR diagrams of five powders
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Fig. 5 Microhardness histograms of six samples

26 PREAL YT B R (HV )

Table 2 Average microhardness values of six samples(HV)

S1 S2 S3 S4 S5 S6

20.06 28.89 25.21 25.09 28.81 38.84

2.5 BhIEEREST T

4 S1~S6 i FEHEAT HL Ak 2 BHBT I I, 3R 75
Nyquist 14k, 25 R ANEl 6 Frzn o ¥ Nyquist 12t
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e S6
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e S4

S3
®S2
° 31

0 075 150 225 3.00 375

7108 (Q-cm?)

&6 6 FlFE Y Nyquist [
Fig. 6 Nyquist plots of six samples
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Ji& Tl R, X AT RE 5 ZSM-5 Fl 1GO 458 5 TE
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Fig. 7 Equivalent circuit diagram
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Table 3 Equivalent circuit fitting parameters of six samples

Sample R/(Q-cm’) Ry (Q-cm’) Rp/(Q-cmz)

S1 6.42x10° 1.24x10° 9.23x10"
S2 1.35x10° 1.61x10 8.36x10°
S3 7.54x10° 1.28x10° 2.74x10°
S4 1.74x10° 1.83x10° 3.76x10°
S5 7.65%x10* 1.64x10 2.48x10°
S6 1.13x10° 1.56x10° 3.16x10°
26 HEEIhHH
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FBE W45 & 147 i B 3, JRIN T B8 ZSM-5 /i
FiAR/N, HOPHPRi A2 7 80~ 150 nm, S LI S HE
R, BT FBE WRIEA G 1 —LLRAGUR S, 15
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(a)

Defects in the coating itself ZSM-5

0, H,0, OH-, CI

FBE

Aluminum alloy

(b)

0,, H,0, OH-, CI

FBE
Aluminum

(c)
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rGO =

EBE C=0
L 6—0-—=C

Aluminum alloy

K8 ZSM-5.1GO il ZSM-5-1GO XHELEINAM AR AV ENLEE  (2)ZSM-5; (b)rGO; (¢)ZSM-5-1GO
Fig. 8 Modification mechanism of fused epoxy resin by ZSM-5, tGO and ZSM-5-rGO  (a)ZSM-5; (b)rGO; (¢c)ZSM-5-rGO
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