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Process Development of Metal-Composite Hybrid Structures
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ABSTRACT: Recently, metal-composite hybrid structures became a very attractive material system for various
applications such as automobile and air vehicles due to their design flexibility as well as superior mechanical
properties. On the other hand, recycling is a hot issue to reduce material wastes and environmental pollution, so that
many countries made recycling regulations. But the recycling of metal-composite hybrid structures is not fully
considered since the development and application are very early stage. We developed and optimized the recycling

process for metal-composite hybrid structures based on the easy adaptation of the local recycling companies.
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Fig. 1. Specimen dimension for separation tests of mechanical
joints

Table 2. Measured separation forces and material losses for
mechanical joints

Mechanical {Tool / Diameter|Required separation| Material loss
joint (mm) force (N) (g)
Drill / 3.0 820 0.15
Spot weld Drill / 4.0 335 0.25
between steels| Drill / 5.0 64 0.43
SWC*/7.97 0 0.45
Spot weld Drill / 5.0 131 0.24
é’etween Drill / 6.0 118 0.32
lumi Drill / 7.0 91 0.46
AU ewe /7,97 0 0.48
Drill / 3.0 360 1.9
TPR_bEtweend Drill / 4.0 330 26
a umg;;r; M Drill /5.0 50 5.1
SWC/7.97 0 5.3

*SWC: Spot weld cutter

Table 1. Characteristics comparison of separation methods of mechanical joints

Tool Advantage Disadvantage Recycling rate (%) Cost Process
. No waste .
Pro spot rivet gun Easy to use Only for SPR 100 High Easy
T ;
Air hammer Cover larger area . 00 noisy 100 Low Hard
Fiber damaged
. Flexible Heat generation
Drill Handheld Drill failure 999 Low Fasy
Flexible Slow
ind - High Hard
Grinder Effective Wheel failure '8 ar
Accurate High cost
1 . L E
Spot weld cutter Handheld special tool 99.9 ow asy
. . Heat generation .
Plasma cutting Quick High cost - High Easy
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Table 3. Characteristics comparison of separation methods of
adhesive joints [18-20]

S ti
iﬁ)[::ljolzn Advantages Disadvantage
Thermo-  |No material loss Required constant heat
Mechanical |Low Temperature Safety issues
separation | needed The extra force is needed
Effective for large area
. . Damage on surfaces
Chemical |No material loss .
. Space required
separation |No damage .
- . Safety issues
Minimum expertise
Tailored SPeedy process .
. Simple and Safe High cost
Adbhesive .
No material loss

Flat edge Flat _onesided Flat middle

(] —e= —am

Pointedge  Point onesided Point_middle

Fig. 2. Wedge tool shapes for separating adhesive joints
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Fig. 3. Cleavage peel test specimen for separation tests of adhe-
sive joints
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Table 4. Measured separation forces for adhesive joints

T Test temperature | Required separation
e
P C) force (N)
90 390
Flat / one-sided 150 150
180 35
920 375
Flat / middle 150 218
180 21
920 800
Point / one-sided 150 234
180 68
920 362
Point / middle 150 348
180 165

(Middle)S} 5t o]l X194 91 7-9-(One-sided)of] T2
oJm|gt zfol= glTh.

Table 422 € 180°CE 7}4¥ % Flat-middle & #|7]E A}
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Table 5. Characteristics comparison of recycling methods of
thermoplastic composites [16,21-23]

Final
Method . Advantages Disadvantages
product
Reerindi Pallets with Simple 10% loss
CBIACIS | chort fibers | Low tooling cost Low value
Remelting | Pallets or Simple
and plates with p 5% loss
. Low tooling cost
Remolding | long fibers
10% loss of fibers
Chemical Fibers Valuable 5% loss of resin
Recycling | and resin product High tooling cost
Environmental damages
Thermal Fibers | Valuable product 5% loss of fibers
Recycling | and energy | Energy recovery High tooling cost

Fig. 4. Recycling test results of carbon fiber polyamide 6 com-
posites (left: CF-PA6 plate, center: after shredding, right:
after remelting and remolding)
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Table 6. Characteristics comparison of recycling methods of thermoset composites [16,21-23]

Method Final product Advantages Disadvantages
Mechanical Recycling Particles or fibrous product Less than 5% loss Low value
0,
Combustion Short fibers and energy Energy recovery AiIru;:thJt/ioon
0,
Therrr.lal Fluidized Short fibers and energy E‘nergy recovery RR<65%
Recycling High-value fibers Low value
. . RR>95% . .
Pyrolysis Long fibers and energy High-value fibers High tooling cost
hemical Solvolysis RR<859
c em{c a h Short fibers and resin High-value fibers <85@ .
Recycling Hydrolysis Immature recycling of resin

Fig. 5. Recycling test results of carbon fiber epoxy composites
(left: CFRP plate, right: after shredding)
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Table 7. Estimation of recycling rate of the target structure

Table 8. Recycling test results of the target structure

Initial Material loss (g) Step Weight (g)
Materials )

weight (g) | Separation | Recycling Total Before recycling 8,823

Aluminum 5,520 19 - 19 By separating mechanical joints 22
CFRP 3,090 - 304 304 Material loss| By separating adhesive joints 146
Adhesive 131 131 - 131 By recycling CFRP 351
Total 8,738 140 304 444 After recycling 8,304
Recycling rate (%) 94.1
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