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Paper

Development of Separation Technology for Adhesively Bonded Hybrid
Structures of Metals and Thermoplastic Composites
Considering Recycling

Soo-Ho Han*, Hui-Yun Hwang*', Min-Gwan Bae**, Sang-Eon Park**, Hong-Kyu Chang***

ABSTRACT: Multi-material design with metals and composites can keep structural functions as well as reduce the
weight of automotive parts. However, recycling of automotive parts should be considered due to the increasing
emphasis on the environments and pollutions. We derived the key issues for increasing the recycling rate of
automotive parts by carrying out a survey targeting representatives and workers related with automotive recycling. The
core of the key issues was the separation technology of adhesively bonded metal-composite hybrid structures, so we
conducted the basic research and suggested the separation technology which can easily be adopted into the recycling
industries.
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Table 1.

Laws related with recycling and their lower limits of
recycling and recovery rate

Nation

Related Regulation Regulation Limit

Korea

All vehicles
Recycling rate > 85%
Recovery rate > 95%

Act On The Resource Circula-
tion Of Electrical And Elec-
tronic Equipment And Vehicles

EU

Passenger cars and
11

ELV Directive 2000/53/EC | 5o 2%

Recycling rate > 85%

Recovery rate > 95%

Japan

All vehicles
Recycling rate > 85%
Recovery rate > 95%

End-of-Life Vehicle Recycling
Law

China

Statute 307 (End-of-Life Vehicle
Recycling Regulation)

All vehicles
Recovery rate > 85%

USA

No regulation

A

T':Oﬂ ZHEOE

Ferrous /!
NOoNEferrous

metals

« Plastics, glasses, rubbers
+ Low recycling rates than
metals

2 e N

Fig. 1. Recycling process of disused cars
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Lack of understanding
plastic materials (10%)

Difficulties in
separation (80%)

Insufficient rec chn 3
compafiies ¢ astic

' Insufficient values of
M recycling plastics
. (60%)

Fig. 2. Cause of the low recycling rate of polymers and compos-
ites
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Table 2. Mechanical Properties of adherend materials

Adherend SPFC980Y 6061-T6 |WCTU-400/50
material [Steel] [Aluminum)] [CFRP]
Young’s modulus
200
(GPa) 0 69 60
Yield strength
4 2 -
(MPa) 90 70
Tensile Strength
1
(MPa) 980 310 790
Elongation (%) 18 12 -
Density (kg/m?) 7860 2700 2020
CTE (um/m°C) 17 25 -
Glass Transition i i 115
Temperature (°C)
} 100 }
25 25 :>
2 2
| 100 G | L Steel 1.0t
\ T 7] Aluminum 2.8t

Adhesive 0.2t

l ive 0.
h B Composite 3.5t

Fig. 3. Dimensions of metal-composite hybrid adhesive joints
for (upper) lap shear tests and (lower) cleavage peel tests
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Fig. 4. Measured adhesion strength of metal-composite hybrid
adhesive joints with respect to the environmental tem-
perature by (a) lap shear tests and (b) cleavage peel tests
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Fig. 5. Required separation forces calculated using measured
adhesion strength of Fig. 4 with respect to the environ-
mental temperature
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