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Study on Interlaminar Shear Properties of GFRP/Mg Laminate

ZHANG Xi',LIU Gang',XIE Fang',LIU Meng'en', HU Faping®
(1. School of Intelligent Manufacturing,Nanyang Institute of Technology.Nanyang 473000, China;
2. College of Materials Science and Engineering,Chongqing University , Chongqing 400044, China)

Abstract ; The interfacial morphology and interlaminar shear strength of glass fiber reinforced plastic/magnesium
laminate(GFRP/Mg) were observed, tested and analyzed by scanning electron microscope (SEM) and short beam
bending teat. The results show that the surface energy of magnesium alloys treated by phosphating and permanganate
are about 53.7% and 64.6% higher than that by abrasion-only, respectively, and the surface wettability of
magnesium alloy are obviously improved by phosphating and permanganate. However, the surface treatment of
magnesium alloy has little influence on the interlaminar shear strength of GFRP/Mg laminate. The interlaminar shear
strengths of GFRP/Mg laminates based on three surface treated magnesium alloys are similar. The surface roughness
of magnesium alloy has a great influence on the interlaminar shear strength of GFRP/Mg laminate. When the surface
roughness of magnesium alloy is 0. 92 pm, the interlaminar shear strength of GFRP/Mg laminate is about 13%
higher than that of magnesium alloy with surface roughness of 0. 23 pm. When interlaminar shear failure occurs, the
GFRP/Mg laminate is mainly destroyed by interface bonding failure.
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Table 1 The formula and parameter of phosphating treatment''*]
Compositions Concentration/(g « L™ 1) Temperature/ C Time/min pH value
H3; PO, 25
Zn(NO3) 2.5
ZnO 5 2.8
NaF 2 30 > (Regulated by phosphoric acid)
Tartaric acid 2.5
Naz MoQOy 1.5
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Table 2 The formula and parameter of permanganate treatment!™

Compositions Concentration/(g « L™ 1) Temperature/ C Time/min
KMnO, 25
70
NaH, PO, 10 5
(Keep the temperature constant by water bath)
NaAc 20
1.2 HEME Z %132 GFRP/Mg B &M,
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Fig. 1 Schematic diagram of interlaminar shear

test for GFRP/Mg laminate
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Fig. 2 The surface microstructure of magnesium alloy with different treatment: (a)grinding treatment; (b)phosphate treatment;

(c) permanganate treatment
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Table 3 The dynamic contact angle and surface energy of magnesium after different treatment

Dynamic contact angle/ (%)

Surface energy

Treatments _
De-ionized water Epoxy osy/(m] » m2)
Abrasion-only 52. 37 66. 41 55.93
Phosphating 13.81 45. 25 85.97
Permanganate 13.11 34. 62 92. 04
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Fig. 3 The interfacial microstructure of GFRP/Mg laminates: (a) grinding treatment; (b) phosphate treatment;

(c) permanganate treatment
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Fig. 4 The typical load-displacement curves following ILSS
test of GFRP/Mg laminate
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Table 4 ILSS strength of GFRP/Mg laminate based on

different surface treatment

Maximum load  Interlaminar shear strength

Treatments F, /N 1158/ MPa
Abrasion-only 1745 42.57
Phosphating 1 850 44. 71
Permanganate 1699 41. 45
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Fig. 5 The typical load-displacement curves of GFRP/Mg

laminate based on different surface roughness
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Table 5 ILSS of GFRP/Mg laminate based on different surface roughness
Treatment Surface roughness Ra/pm Maximum load F,,/N Interlaminar shear strength zj.ss/MPa
1207 0.92 1745 42.57
10007 0. 46 1643 39.71
2 0007 0.23 1610 37.51
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