——

C = Vol. 36, No. 6, 441-447 (2023)

mposItes DOI: http://dx.doi.org/10.7234/composres.2023.36.6.441
Research ISSN 2288-2103(Print), ISSN 2288-2111(Online)

Paper

30|y 4l Zatxo} X 20| mhE O|ZAX HYUSAL T}

o X xT
MRS 2 A AN F

Evaluation of Bonding Performance of Hybrid Materials According to
Laser and Plasma Surface Treatment

Minha Shin*, Eun Sung Kim**, Seong-Jong Kim*'

ABSTRACT: Recently, as demand for high-strength, lightweight materials has increased, there has been great interest
in joining with metals. In the case of mechanical bonding, such as bolting and riveting, chemical bonding using
adhesives is attracting attention as stress concentration, cracks, and peeling occur. In this paper, surface treatment was
performed to improve the adhesive strength, and the change in adhesive strength was analyzed. For the adhesive
strength test were conducted with Carbon Fiber Reinforced Plastic(CFRP), CR340(Steel), and Al6061(Aluminum), and
laser and plasma surface treatment were used. After plasma surface treatment, the adhesive strength improved by 7.3%
and 39.2% in CFRP-CR340 and CFRP-Al6061, respectively. CR340-Al6061 was improved by 56.2% in laser surface
treatment. Surface free energy(SFE) was measured by contact angle after plasma treatment, and it is thought that the
adhesion strength was improved by minimizing damage through a chemical reaction mechanism. For laser surface
treatment, it is thought that creates a rough bonding surface and improves adhesive strength due to the mechanical
interlocking effect. Therefore, surface treatment is effect to improve adhesive strength, and based on this paper, the
long-term fatigue test will be conducted to prevent fatigue failure, which is a representative cause of actual structural
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1. M E

S Qo A BaFHA LA o A A = o5
of 2h I} ol A ZAstol whet AbsAr 9 g 5 4t
A AAl Au] Al el =2l ek AGollA = &
FlE o, vl S 2 e dekE ek E (carbon
fiber reinforced plastic, CFRP)¥} 7+ Ak} AR E A4}
9 o3 Figoll A8s 247 wilE IS W A agS
FIAIA ] A4 ZAE 2tz gho1-4]. 7 wFs}
A Age ol HY 787 A= T BFA 50%2 AL
&5t 17%9] A= % Co, & AFAIZF e, AsAF /¥ 1)
o ZFAE A83 FAE 50% =] AHIE 7WAAIZTHS,6].

Onur Coban 5[7]9] ¢1to] W= #lo|A] EHA ] &
mechanical interlocking W7 UZ& 3l & F=dAS
H¢ o, Poonam Sundriyal 5[8]¢] A1+ Zet=nl 9
A& 53] A7t E kA2 HolFt} V.H. Martinez-
Landeros 5-[9]2] A W= AA = 505 9 A5}
& FHeE 55 535S CFRP 22 4|5t 541
ol At T3l ol E ATt YR Ut

G AF A2 a5 ME ARESlof oh= FEol &A4
517] wfiZol 100% HFAaAE ARE-B7]olli= Aljto] EA)EE
o} whebA] B el 5471 shol He| & §E9] A zto] I
f517] w ol o] T o M H Ao e A7t
sttt 2E 9 2ulgyt 22 7144 HEalol S8 9
-4 Ao 2 ¢lsf St ¥2(delamination)?} -2 o] F4x
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S71E AT} 3RS B oj&r). Chengcheng Sun 5[15]
o] =itoll A= CFRPO| Ht =5 7HAAI717] $18 &2
zut FHA Y E AHEsto] Y2 WS A tstglth
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5282 ‘Owens, Wendt, Rabel and Kaelble method
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(a) Contact angle analyzer (b) Contact angle of distilled water

Fig. 1. Surface free energy(SFE) measured using contact angle:
(a) Contact angle analyzer and (b) Contact angle of dis-
tilled water

(OWRK method)'S 8H-83}0] 114 &
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2.4 Single-lap shear test A|T H|&f U A=A
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Fig. 2. Schematic diagram of single-lap joint test specimen
structure
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(d) 20W

Fig. 3. FE-SEM image of CFRP microstructure of laser surface
treatment depended on laser power and speed

Cleaning S00W JooW 1000W
[T >

7mm

Fig. 4. FE-SEM image of CFRP microstructure of plasma surface
treatment by plasma power (plasma nozzle height:
7 mm)



444 Minha Shin, Eun Sung Kim, Seong-Jong Kim

100

—m—SFE
90 - [ Polar
- B Dispersive |
E j
% 70 -:
& 60
I} 1
& so0-
8 4
i 40 -:
8 30
g ]
I 20 ‘:
10+
0-
Cleaning 500W T00W
Plasma Power (W)
(a) Plasma nozzle height Tmm
100
—m—SFE
90 - [ Polar
4 2 Dispersive
[my
e
%)
-
2
[+
(=
w
g
g
£
=2
%]

Cleaning 500w To0W 1000w
Plasma Power (W)

(b) Plasma nozzle height 15Smm

Fig. 5. Surface Free Energy(SFE) of plasma surface treatment by
plasma nozzle hight and power for CFRP: (a) Plasma noz-
zle hegith 7 mm and (b) plasma nozzle hight 15 mm

Table 1. Surface Free Energy(SFE) for disp ersive energy and
polar energy of plasma nozzle height 7mm

Power Cleaning | 500W 700W 1000W
SFE 34.31 73.93 73.96 76.98
Dispersive 32.99 45.73 46.13 47.15
Polar 1.31 27.30 27.83 29.83

Table 2. Surface Free Energy(SFE) for dispersive energy and polar
energy of plasma nozzle height 15 mm

Power Cleaning 500W 700W 1000W
SFE 3431 64.26 64.76 67.92
Dispersive 32.99 42.38 43.58 44.13
Polar 1.31 21.88 21.18 23.80

3.2 EHA2|0| 02 MEZT ¥ mete 24
dolA W etz FHA o] uf2 YPA=E UY 2
Ih= Fig. 6 % Fig. 70 LFERIQIct. CFRP-F4:A1 9 e

of

1o

735 Zetzul o] 500 W off 7H =7 2= Sl
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Z A#eol Ad7w 2824 MPa KT} 7.3% Z7}5lo]
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() CR340-A16061
Fig. 6. Bonding strength of laser surface treatment for different

laser power and speed: (a) CFRP-CR340(steel), (b) CFRP-
Al6061(aluminum) and (c) CR340(steel)-Al6061(@luminum)
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Fig. 7. Bonding strength of plasma surface treatment for differ-
ent plasma nozzle height and power: (a) plasma nozzle
height 7 mm and (b) plasma nozzle height 15 mm
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zup A 23 A T AsEN AL, 55T
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3014 & 4= QU W fiberd] w9l Zho] =2 = Q8
W=7t AstE A o= AR ETH19].

2 FHA S 2 Ychol whet It ool A
&2 AJolstAl veptA "ok HzbE o uhet A& ofE ot
AU S| Yetu=t A &2 sEHA &AL 9
ZHA| Aol A et =A] Al utct(adhesive failure), 72}
A7 ghdto] €@ w2 ultt(cohesive failure) 12|31 I
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Fig. 8. Schematic of adhesive bond failure modes
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Fig. 9. Fracture image of maximum bonding strength com-
pared to cleaning specimen for each test material: (a)
CFRP-CR340(steel), (b) CFRP-AI6061(aluminum) and (c)
CR340(steel)-Al6061 (aluminum)
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