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A Study on the Strength Evaluation and Defect Detection Capability of
Adhesive Joint with CNTs

Tae-Hyeong Kim*, Cheol-Hwan Kim*, Jin-Ho Choi**'

ABSTRACT: Mechanical joint and adhesive joint are two typical joining methods for structures. The adhesive joints
distribute the load over a larger area than mechanical joints and have excellent fatigue properties. However, the
strength of adhesive joint greatly depends on the environmental conditions and the skill of the operator. Therefore,
there is a need for techniques to evaluate the quality of the adhesive joints. The electric resistance method is a very
promising technique for detecting defects by measuring the electrical resistance of an adhesive joint in which CNTs
are dispersed in an adhesive. In this study, Aluminium-Aluminium adhesive single lap joint specimens were fabricated
by using the adhesive dispersing CNTs using a sonicator and a 3-roll mill, and the static strengths and defect
detection capabilities of the joints using the electrical resistance method were evaluated according to the CNTs
content.

o

© pame] Qurdel M Holtk WA 2L JAA A Aol ks
#of shgo] HEEH T 943 32 EHL 7M. olfd BAoE Beki, WA £ FAxAe]
Ao HRlwo] dhak W AnAo] 2A debith webd WA 2AE AN BIh T 5 Y A&
4 5hth ONTS GRAlo] 2AA A HERAEY 1716 BHS St A AGPHS 2T 4S5 1)
S G 71%olth B = Ro| Nt 233} 24719 3ol millE o] §-5to] AR o] CNTS FAsHA 2447
o, LRl el HA £ES ARl ShAUFH(CNT) ol T A4 Z4E Wate 1
7¥star, A1 A PES ol gstel ATHASS Brrskect

= R7MAA 2AES H2 =RIE
4

e 2

o
£
o

Key Words: Bt4L} =% H (CNT), & 7] A H (Electric resistance method), 23} B X]5(Defect detectability), 42321
E (Adhesive joint)

1. M 2 of, AW, 22 E e Fo] Ao 2 mEA|H} H] Lol
Q7 p2Ee) 712 @ Qe 5o ARL & 4 9

Antg o e YRpzBo] AE 4 ol vty g L ol 54 Al ALE 4 9l FAE XL
1Mol ABY, #0452, 28 gAY, SFEN 5 U4l ol#§ o] -2 A o] CNT(Carbon Nano
o] QTHI-3). 1 % tEA o wol Agels G2z E  Tube)S BAMIA H7H BA4L Wrlets e A% o
o) AT A% Wl 29T GAME o 2AEO] olix]  X7]EEo] Bo] A=l 9lrk. Kim[5]7} Thostenson[6}&

Received 8 June 2018, received in revised form 18 July 2018, accepted 4 August 2018

*ReCAPT, School of Mechanical and Aerospace Engineering, Gyeongsang National University
**"ReCAPT, School of Mechanical and Aerospace Engineering, Gyeongsang National University, Corresponding author (E-mail: choi@gnu.ac.kr)



152 Tae-Hyeong Kim, Cheol-Hwan Kim, Jin-Ho Choi

=
wn

5 wt%®] CNTE H2HA o] &
AEshe W Avekadeh Kim[71e CNT7L Gh
2 zolEe] W74 Belge 54 ste] AFEAL
B olrh. Lee[S]= CNTe] B4} uhwlo] uj2 g2}
2% dE5= Brhstl e, HaA o CNT7¢
EAtE ofof AgHH 0] 7hsehe H At Mal9)
= 71AIA, aFekA o2 FdstA EAkee
olﬂ 5h3lom, Zielecki[10]i= F2HAof A== CNT
27t B4 QA o A2 F71E S BHels
ESY Henrique[ll]i= F2HA|of] EAMEl= CNT Tk

.5 wt%, 1.0 wt%, 2.0 wt% =2 Z7FX 1S o] 2727} oF
Eoh=s A2 W35kt Kim([12]-& CNTS] FH A 2]
o WE 1% xE| FEEA s U A%
Ikt A7) x{rﬂ o AAELS = 7}3}

S REEE EEDRS

R

it o.>;
o o

N
o
o
mlo

=i
E O

=Y
ne o
PL

S

OXH. ﬂllO

i

o
o 3

m

(=]

oL

(

é(ﬁ:
s

i,

N

o= o

o
1
rr
e
k
i
Hu
S
_\;
B
\l
N
>
U o
>
%,
2
mlm r

S4 Patolor ¢ Aow B

B2 =BoAs 28af 227)9} 3-roll-millg o]-83}o] 7
ZkA o] CNTE w dsHA ZAA A G FrlE-dFuls
o HA 2 E Azstol Y A= Wko ATRA S
2lS Hrlsloict sekd o2 A e HA| & &4 CNT
= Akg3ldon, CNT] SHEES: 0.3 Wik, 0.5 widh, 1 widw
HSIAIA 7h A7 AP O = deEAls S v, B8l

2. AEH E

B =Hof| ARE-E 2 AlH o] PARS Fig. 13} 0] ASTM
D3165, ASTM D5656 112 2 2 A|2}e}ct. A2k 291 E9]
HAL 25 mm x 30 mmo|w] H2HR o] A E7l= 7 mmo)
i, 7holE E5& ARESte] HJFAE 0.5 mmE s}
A FASETE B3 FHAT Al H2F WA 12 2
7|2 ol WES Astel Aakstact

ARE g4 4 29T A% FHe

& A= ASTM D2651 5+212] P-2 Etch¥

hs)

7] 9J) @)
o2 FHAYE

3P}t H2EEH-2 MEK(Methyl ethyl alcohol)E ©]-&-
Sho] folLf o] B AL AT TFS, 120 meshe] ApE R
FAL el Qe Alge §%¢ gl 9 94
52 olgstol ARulel BUAHE STt FRA
2 o] 83}e] S 27% H| R R 4 = 20E e
135 g/LgkE 27}31o] Wul7] S ALEsto] 65°CR 7hdate]

th 2527} 60~65°CE 7FEEH dFulE AlHS g0 4
o] 12~15% < 3}ek ¥k Al lch dfnlE AlES 128
2 FEAAR & i% FxoN FRFE AHS A9 5t

2 YREde 2712 o4

0

&1'
g
B

4 I 14.5mm

Defect Area : 25mm x 15 mm -9 o

Type : Release Film “— Bonding Area : 25mm x 30 mm

Thickness : 0.5mm

Fig. 1. Shape of the adhesive joint

Table 1. Material properties of epoxy adhesive and CNT

Item Specification

Viscosity : 8,000~12,000 cps

: YD-128/G-640=100/59

Resin (YD-128)
& Mixing ratio

Hardener (G-640) Curing condition |: 80°C for 2h
Purity :95%
Diameter :5~15nm
CNT a -
(NANOSOL-R) | A\PParentspeciic | ) 6 04 g/em?
gravity

Axial ration : >500 (Length/diameter)

Input

e

First Gap Second Gap

Fig. 2. 3-roll-mill
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Table 2. Operation conditions of the 3-roll-mill

No. Item 1 Item 2 1st Gap 2nd Gap
Sonicated
45 um 30 um
Step 1 YD-128 CNT " a
(wt%) 30 pm 15 um
15 um 10 um
45 um 30 um
YD-128 30 um 15 um
Step 2 G-640 " a
(Step 1) 15 um 10 um
10 um 5 um
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Fig. 3. Tensile test of the adhesive joint
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Fig. 4.Lap shear strengths of adhesive joints according to CNTs
content
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Fig. 5. Failure mode of the adhesive joints
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Fig. 7. AC resistances of adhesive joints with T wt% CNTs
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Fig. 10. Detectability index of adhesive joints measured by DC
resistance
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