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Pre-treatment condition and Curing method for
Fabrication of Al 7075/CFRP Laminates

Je-Heon Lee* and Yeong-Hwan Kim”*

ABSTRACT

A study has been made to establish an optimum condition in the surface treatment and curing method
that is important for the fabrication of Al 7075/CFRP laminates. PAA(Phosphoric Acid Anodizing) pro-
vided a good adhesive strength and FPL(Sulfuric / Sodium Dichromate Acid Etching) had a similar adhe-
sive strength with PAA. On the other hand, the poor adhesive strength was shown on vapor degrease and
CAA(Chromic Acid Anodizing). By using the atomic force microscope(AFM), it was found that the PAA
oxide surface obviously had a greater degree of microroughness as compared to vapor degrease, CAA and
FPL treated surfaces. These results support the concept of a mechanical interlocking of the adhesive with-
in the oxide pores as the predominant adhesion mechanism. In curing methods, the adhesive strength of
co-curing method was higher than that of secondary curing method. With respect to stability of specimen
shape, the secondary curing method was better than co-curing method. DMA(Dynamic Mechanical
Analysis) test revealed T, in curing times over 60 min is nearly same, so it is estimated they will have
similar degree of curing and joint durability in using FM300M adhesive film.
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Fig. 1. Schematic illustration of CARALL laminates
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Fig. 2. Macroscopic photographs of carbon/epoxy composites
with various fiber orientation {a) 0° (b) 45° (c) 90°
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Fig. 3. Macroscopic appearances of CARALL specimen with
various carbon/epoxy laminates thickness
(a) 2ply carbon/epoxy laminate
(b) 4ply carbon/epoxy laminate
{c) 6ply carbon/epoxy laminate
(2) 8ply carbon/epoxy laminate
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Fig. 4. Flow chart of overall process for comparison of surface
treatment condition on Al 7075-T6 alclad sheet
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Fig. 5. Production for CARALL specimen manufacturing

457 9Frly ke F&4Y FAolh gaka ¢
FolF AAz] 20vRE 48 A9L de A AE
Bxe) A%E sote 4~ 9le Lap shear AJg 3} B
of Y HAYEE 538 + U Bell peel A1 Y
dA 2T AFNFHPRLE/SFE B2 A3}
of ZA3 & AP vt s vng 93
AN e gaugAe sl FA4zd vA
£ o)A 9FS sy 98 dFuE AAE)
3 meohg A= g8 CARALL Axj¢) 5U3%
e &, 9Fu|s/HAYS/EAERAR/ AU E/ S
FulF Zel2 Bell peel N84 AW S AR}slo] H2
2 23 9 ANYLE FAAT ol AL &
2ERASE 279 @a/dEA Zzd E& gy
ylojEolu] @ EZwolH(antoclave) A3t PE =
AL 7|1BAog Ho] AMgstE 0.35 MPa @ 0.6
MPa 5714 745 vm AY3i=g 3ot st
T 2 AL YAZA AAZH] 177167, 60%~
708-& #FA3sld 177CodA 60%, 908, 12054 7
gsla] A7EA] Z$E Hlwstyt Fig. 5 & CAR-
ALLAHY AZZFHEE Vepdch

2.4 Lap shear Ajg U Bell peel AlE

Lap shear AJg-2 A|HA|zto] Golstm Aol Tk
sto] ZkE AlBle) 3ty gRlel ®ol AMgsH 1 Urh
oy o4Us] Uslw Lap shear AJE2 Fig. 694
& 4 Fol Ajgel HAY ZFEGgE HAA A
94e 23420l 7Faitt. 12y Bell peel A8
2 FAAE dad AHoZ Al FE HAY
ZA o] Zol A1, 2 APAXE Bell peel [16]

ﬁ Test/Load

A

1.6 mm
Al 7075-Té6

0.1 mm ;
Adhesive Film  g§4

1.6 mm
A1 7075-T6

ﬁ Test/Load

Fig. 6. Schematic diagram of lap shear strength test specimen
in Al surface treatment method comparison test
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Fig. 7. Schematic diagram of Bell peel test
(Detail “A” —1 : Curing method comparison comparison
test Detail “A” —2 : Al surface treatment method com-
parison test)
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Fig. 9. Peel strength of vapor degrease, CAA, FPL, PAA
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Fig. 10. AFM micrographs of aluminum after various surfaces treatment
(a) Vapor degrease (b) CAA (c) FPL (d) PAA

o) AFA R o]Fojzx] gARA] FiFsdl o]
o o} AARew §43) 458E ¢ 4+ ok Fig.
10(d)9) PAAZA S ANE Z$ A3 2 9y
4, & weo] SojA AESale A L ¥Po

2 HEA 9 3479 7]73]75} ZA¥(mechanical inter-
locking) 821 714 2 s upetA AFP=E
W =9S¢ F Utk ol e AFEAE 43|
3 ‘qﬁé“"ﬂa A=A S AFAYA d¢S
Fe R Y F YUtk

3.3 s HAYTo| 2|

Fig. 112 PAAA2E AlRAE Agstd H3H
o2 CARALL ANHAZE 43 AHAQ Zshiy
< Agsy] gl AlnAleh @i/ ZA] TjxzRlo]
o ARYES lay-up? ¥ FAYEFH S/ FA
2L FAl AsAFE FA1A 8K co-curing)
# mlg] ga/oFA] T ZYs JFIAA gre B
oz Az F oA Al HAAPEo2 lay-up
@ & A A7) ojal H3Nsecondary curing)
HE A4S W] Bell peel AP E vehict

11.25

E 9
5 ./_-/.
g 6.75
= .____’__0_-_-——0
To
£
& 45 |-
T & Co-curing
[
225 @ Secondary curing
{177, 0.6MPa)
0 1 1
60 90 120

Curing Time (min)

Fig. 11. Peel strength of co~curing vs secondary curing specimen
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Fig. 12. Shape of co-curing and secondary curing specimen
(a) secondary curing : short size
{b) upper : co-curing : short size
lower : co-curing : long size
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Fig. 13. Effect of curing pressure in secondary curing
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Table 1. Thickness of CARALL specimen for Bell peel test in

secondary curing
( ) : thickness of adhesive film per side unit : mm
Curing
. time 60min 90min 120min
Curin
Pressure
2.464 2.453 2.447
035MPa | 4108 | 0.102) | (0.099)
2.337 2.329 2.325
0.60MPa (0.044) (0.040) (0.038)
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Sample : DMS2177-30 min cure
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Sample : DMS2177-60 min cure
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Fig. 14, Effect of curing time on Tg properties of cured adhesive film
(a) 177, 0.35MPa, 30min (b) 177, 0.35MPa, 60min
(c} 177, 0.35MPa, 90min (d) 177°C, 0.35MPa, 120min
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