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Chemical-etching-based observation on spherulitic and
interfacial morphologies of fiber reinforced thermoplastics

- How cooling rate affects the interlaminar bond strength of UD GF/PP composites
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Bond strength development
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« Consolidation is a function of temperature, pressure,
and time, thus highly depends on thermal history;

« Bond strength is built up with the development of
interdiffusion and entanglement of polymer chains,
hence dominated by polymer matrix!

m) Cooling rate!

. Intimate contact development

Fibre  Matrix

Polymer chain

Consolidation process of CFRT [2]
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Materials and experiments

Wedge peel strength of compression molded GF/PP

Materials:
» Glass fiber reinforced polypropylene (GF/PP) 180, L ,1?0, . ,290, L ,2.10, - ,2%0‘ - ,2‘7’0, L ‘2?0. L .250
UD laminates [0°]4 by compression molding || =m0 Slow cooled samples
Bl Fast cooled samples
. . 8- -8
Consolidation parameters: |
* Isothermal temperature: 190 °C ~ 240 °C; _
* Holding time: 10 min; E | I
* Pressure: 0.7 MPa; Zc 6
+ Different cooling rate < | I
©
c
g | I
300
- FC %4‘ 4
250 - SC (1]
o a
2200 ()]
g o
® 150 g i i 5
§100 ; 2+ L
&
50
0 5 10 15 20 25
Time [min] 0- -0
Temperature profile of samples made at 240°C 180 190 200 210 220 230 240 250
at 200 °C at 166 °C at 102 °C Remark: _ _ _ _
Slow cooled samples (SC) 51 K/min 42 K/min 23 K/min * For sem|-crystaII|ne GF/PP, the h|gher the COO“ng
Fast cooled samples (FC) 604 K/min 484 K/min 206 K/min rate, the higher the bond strength
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Materials: Crystallization

XRD and DSC analysis:
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« Smaller crystallite size X,
Average crystallite size X_ [A] of o — PP crystals at different 20
14,14° 16,87° 18,58° 21,11° 21,86°
SC samples 165,17 221,83 195 185,83 168,33
FC samples 167,67 207,17 162,17 144,17 145,33
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» From the perspective of materials, more
amorphous PP, fine a — PP, and 38 — PP exhibit
higher ductility, significantly enhancing the bond
strength of fast cooled GF/PP

The underlying and direct causes?
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Microstructures: chemical etching

Delaminated surfaces:
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(Near GF surface) Matrix failure!

— How to visualize the (near GF surface)
morphology?
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Chemical etching (CE):
The permanganic acid etchant preferentially etches the amorphous part of the
polymer in the spherulites, in such a way that the lamellae then clearly appear [1]

(Polished epoxy
embedded)
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Microstructures: F/M morphology

Spreading growing;

Semi spherulites;

More amorphous PP, and
fewer spherulites.

Perpendicular growing;
(Like) transcrystalline
structures.

» Fiber nucleation;
» Different growth tendencies;

As-manufactured laminates, after

epoxy embedding, polishing, etching:

Crack propagates along

» Different F/M morphology.
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Microstructures: F/M morphology

Spherulites

Fracture path/grain boundary

GF . "
Wedge peeling direction
Interlocked grain boundary, with more amorphous PP in Relatively flat and straight grain boundary parallel to GF surface
between spherulites, higher fiber-matrix adhesion (also wedge peeling direction), poor fiber-matrix adhesion



Conclusion

v High cooling rate induces lower crystallinity, smaller crystallite size, and [3-
crystals, resulting in a more ductile matrix;
v' Different cooling rate makes differences in fiber-matrix morphology, resulting in

different crack propagation paths and hence the different level of bond strength
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Thank you!
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