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Effect of Plasma Treatment of Aluminum on the Fracture Toughness of
Aluminum/CFRP Composites

Myung Keun Shin’, Kyong Yop Rhee*

ABSTRACT

In the present work, the effect of plasma treatment of aluminum on the fracture toughness of CFRP/aluminum
composites was investigated. The surface of the aluminum was treated by a DC plasma. The plasma treatment was
carried out at volume ratio of acetylene gas to nitrogen gas of 5:5 and the treatment time used was 30 sec.
Cracked lap shear specimens of aluminum/CFKP composites were made using secondary bonding procedure.
Fracture toughness of aluminum/CFRP composites was determined using the work factor approach. Then, the
fracture toughness of plasma-treated aluminum/CFRP composites was compared with that of untreated
aluminum/CFRP composites. The results showed that the fracture toughness of plasma-treated aluminum/CFRP

composites was about 50 % higher than that of untreated aluminum/CFRP composites.

Key Words : AVCFRP composites (ZF4|/CFRP =3%tA)), Plasma treatment (Z2Zv} EWHA &), Fracture
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Fig. 1 Schematic diagram for a DC plasma
polymerization
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Fig. 2 Configuration of aluminum/CFRP cracked
lap shear specimen
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Fig. 3 Load-displacement curves of CLS tests for
plasma-treated and untreated aluminum/CFRP
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Fig. 5 Comparison of fracture toughness, Ge for
two cases
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Fig. 6 SEM photograph of fracture surface for
untreated aluminum showing an adhesive
failure

Fig. 7 SEM photograph of fracture surface for
plasma-treated aluminum showing a cohesive
failure

Fig. 59 Welt A%
A¥ (Case2)®] BF BT A & (%—Pcr 3”)%

338 N\m)S2 HF G &< 0.54 Ki/m’o] 1

A7 A %S AW (Casel)? S HE Ac akL
225 Nm)S.2 HE G, &€ 036 Kim’olth. & &
soge Tepxcl BN e A7t EU
g &= FRe ALl vlE G gkol 50 % o]
Agts Ae & & ok ETH2nE o4
Fojg9 E‘IHM?} o} <tFulE/CFRP E%Zﬂ«l
AnA e F7HAIE 7HE olsls] A FAR
WAE olg F AS AR B oA was
%At} Fig. 63 7¢ Z4zt A A 4 B
o} Zetzvlz EUAE ¢ 439 F9ES F
gde FAM@uA ez #AS Aol Fig 691

o] Fetzvlz EWAE

nJ° OIN 2



A - olAY « FFRALEFEHA A0 A’z

et gl%el maxz A & A H&AA
CFRP AHo] adg ¥ase A¥dyrt dojxk
25 & 4 Yot WA Fig 72 EetERrl THA
Y2 edte] Haa gito] Yoy FHAUA 7}
zolx A&AY gyt B AL 2 5 vk
ol Zgl&nl EHANFRE s LdFvw EH
HAeAe Fd Fo AWRFNE =945 FA
Zatzut 87 A opAEA(CH)H AAN)7t
AdFolE A FAHE ZA ¢Eo] Fo2A A
Z Al (adhesive)2}2] ARE FA4E 1AL AR
Beld,

4. 22

% \_*\r°ﬂ"1‘— e L =
2] 7t @20 E/CFRP E&A 0 o] 37
o} J*&A]?l—t« Zrell & ohEAch 2

o AL gy 2ok
AZuES EFHzviz ZUAYE SAUS

739 ®AAE A 2& A9 vjE A

Fo] 20 % ol F7hEAx, TEAAL

50 % ol F7tshgioh.

2 Zg=02 gUXd 3 B9 A= HEF
A7b B3 HE= cohesive T 7F RS RT
o= WA o EW FAo] FAH
HaA e AHe Ao AP A3}
= A0E AU

49 22vE

o l‘l-(‘ O_>L
~ Hﬂ o rﬂ

= 7
2 A7 dIdetgd EH7)2dFGA T
AWM 2000-1-30400-004-3)] & ATFHUSY
=
Zned

1. Baker, A. A., "Fiber Composite Repair of Cracked
Metallic Aircraft Components,” Composite, Vol.
18, pp. 293-308, 1987.

2. Baker, A. A. and Jones, A. A., Editors, Bonded
Repair of Aircraft Structures, Martinus Nijhoff
Publishers, 1988.

3. Ong, C. L. and Shen, S. B., “Repair of F-104

157

10.

11

12.

13.

Aircraft Nosedome
Theoretical and Applied Fracture Mechanics, Vol.
15, pp. 75-83, 1991.

Denney, J. J. and Mall, S.,
Disbond Effects
Behavior

by Composite Patching,”

"Characterization of
Crack Growth
with Bonded
Composite Patch," Engineering Fracture Mechanics,
Vol. 57, pp. 507-525, 1997.

Chester, R. J., Walker, K. F. and Chalkley, P. D,
“Adhesively Bonded Repairs to Primary Aircraft
Structure,” International J. of Adhesion and
Adhesives, Vol. 19, pp. 1-8, 1999.

Baker, A. A,
Fatigue-Cracked Primary Aircraft -Structure,”
Composite Structures, Vol. 47, pp. 431-443, 1999.
Schubbe, J. J. and Mall, S,
Cracked Thick Aluminum Panel Repaired with a

on Fatigue
in Aluminum Plate

"Bonded Composite Repair of

"Investigation of a

Bonded Composite Patch," Engineering Fracture
Mechanics, Vol. 63, pp. 305-323, 1999.
Venables, J. D., Adhesive and Durability of
Metal/Polymer Bonds, Adhesive Joints, Formation,
Characteristics and Testing, Plenum Press, New
York, 1984.
Marceau, J. A, Acid Anodize,
Adhesive Bonding of Aluminum Alloys, Marcel
Dekker, New York, 1985.

Rhee, K. Y. Yang, J. H. and Choi, N. S,
"Effect of Aluminum Treatment by Plasma on the
Bonding Strength between Aluminum and CFRP
Composites,” Transaction of the KSME, A, Vol.
25, pp. 1981-1987, 2001.

Johnson, W. S., "Stress Analysis of the
Cracked-Lap-Shear Specimen: An ASTM Round-
Robin," J. of Testing and Evaluation, Vol. 15, pp.
303-324, 1987.

Rice, J. R., Paris, P. C. and Merkle, J. G.,
Further Results of J-integral,” Analysis and
Estimates, ASTM STP 536, pp. 231-235, 1973.
Rhee, K. Y. and Park, S. J., "Effect of Surface
Treatment of CFRP and Aluminum on the
Fracture Chracteristics of Adhesively Bonded
CFRP/Aluminum Composites,” Submitted to J. of
Adhesion Science and Technology.

Phosphoric

"Some



