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The Analysis on Properties of Epoxy/MWCNT for Bonding
CFRP to Steel Plates

Sung-Hun Yoo*', Il-Jun Kwon*, Dong-Woo Shin*, Sung-Min Park*, Jeong-Hyun Yeum**

ABSTRACT: The effect of a multi walled carbon nanotubes (MWNCT) on the adhesive properties and thermal
properties of epoxy were studied by double lap-shear tests. Epoxy/MWCNT resins were prepared from a different
amount of the MWCNT incorporated into the epoxy resins (araldite 2011). Steel plates and carbon fiber reinforced
plastics (CFRP) were chosen as materials. Mechanical tests were performed by a universal testing machine (UTM).
The analysis of thermal properties were conducted by a thermogravimetric analyzer (TGA) and a differential scanning
calorimetry (DSC). The fracture surface morphology was examined using a scanning electron microscopy (SEM) and
optical microscope. Compared to neat epoxy, it was found that the mechanical properties of epoxy/MWCNT resins
are increased.

S: o FA =29 94 43 T B4 diaf o8 @4 Ul FEH (MWCNT) Q] a7t o] % 534 4
A o] o]3f) ATE| AT} Epoxy/ MWCNT 23} 422 = o] ZA] 42| (araldite 2011)9]] u} Ft ek 282 MWCNT
= HA}s}o:] A %= 9tk MWCNTS] &35 210}7] Aol A= Aol EEAQ HE Whs AR AIA 7ol 9
A E 93l =A% A3 o] ASTM D2569] uhe} A = gich. 24 B o} eaM 973 slE st =271 A8 A
fxiw ARG EIQlom, A Qb B d SR A7 AR FAE ARETl ol ofs) M= ek B3 H A
T A AHE P B4 AR o s wEE AL m A F-S dobiy] flsto] Fakdun]| A

= ARE-SHRATE. o A 2] 2} ¥] L6} S 1] epoxy/ MWCNT 55} =27} 2] 4] 540 == 215 Ueh it

o]

%

Key Words: t}=H B4 = 5 B (Multi walled carbon nanotubes), 44 -3-7}8H2-§1% & (Carbon fiber reinforced
plastics), o] ZA] <=Z|(Epoxy resin), &< A& (Steel material), 37} = (Adhesive strength)

1M = £ 27l A%H O Solubu QlolA e FE Sk
urol gl Aol o) 2 AVlR A7) AAS B A
AEAOIA A oA AT EQE ASEo £ BE AW Fayol B A Agoln, Wi
oft}. BhAITE W 9 A ASS Aol et TAE A Aol MATEAL L2 EEE, 01y
1sto] Ohd B SO @ 4O AT Sk AT 4 UEH WA AL WA o Eeae, Ba UL
H| 25 9] Hol2} obAof T3t QL7 ol A H A X}k Z2}AE] (carbon fiber reinforced plastics, CFRP)2 & tjjA| ]

Received 7 March 2017, received in revised form 26 June 2017, accepted 30 June 2017

*DYETEC Institute, Daegu, Korea
*'DYETEC Institute, Daegu, Korea, Corresponding author (E-mail: enviro1234@naver.com)
**Kyungpook National University, Daegu, Korea



216 Sung-Hun Yoo, ll-Jun Kwon, Dong-Woo Shin, Sung-Min Park, Jeong-Hyun Yeum

Al A HAS

ot
o
ol

b A

SR JE, 2452} ZpA| FEof] CFRPE #-8-517] ]84 +=
aSHTA e Hedo] 7hssfjoF gtttk Ly 7]E ARk -
28 el dutd oz de] o] &= o] gA A3 A &4
(resistance spot welding)2 CFRPQ} &5 Alo] o] A2 tf &
92 B4 02 2 go| o]tk CERPS} 24 Aol o] Yot
S gt i EH < o R 7 A A 7] < (mechanical
joining technology)®} J2HA| & o]8-3t 7 ghil2] (Adhesive
bonding) “12]3l o] & 7}A] W FAlof| 483t slo]H
2= 37|« (Hybrid joining technology)o] it}. 7144 A
A2 gulolu EEA AT o] 7143l Ao as
o|-g3t Al AFA C 7 HAH =Tt ot F4 olvuA &
s50] Flofut 4ol QleHa-7l

A& o] &3 g4l of Sloj A& o & 2HA|
7h 2 A el "otbSle HAA S o 7t o] 44 o]
CH8.9]. 2ol el AEAF A 28 219 5
o= 2 SR TE dojg A= 7Fer HERE 7
L5 U3 el= Ax vk A LG H2A 9 A ol =
T 27 o] s ol ZhFEo] HA ¢ 2t 7} o] 44
ojt}. F2FA|QF m2HA] Ato] o] &fe o] Ao e 3
o] MMl FAtE =g REYL FHA Hoj ok H
W) wp =2 Y3 wersts A BAS A
glofl QlojA] w9 Fasiet. HARo] IR = 7HR| 2
U 4 QAL A5 Fig 1o Yehli ]l

= dAolA s Ba e FEE BAE PR E o8t
o] CFRP2} 5 A& Afolo] Hgteol izt A& %
35} T} of| ZA] 4=X] o] multi walled carbon nanotubes
(MWCNT)E 7|A1d EAPH-E o]-8-5lo] epoxy/ MWCNT &
T A2 Az o] Bt 4415 o] galo] CERPS) 2
% A7 Aol HFHE 3 A9 BelH B4o] Zrleta A
2w 2jo] QA sA 2 Bk o] Qleh10-12]. 17
1l neat O ZA] 22|12} epoxy/ MWCNT &3} =2]9] g% &
43t Eeld B4 vLE AR

' - -
|7 —=

(b)

— { ) —
(©) @

Fig. 1. Failure mode of adhesive part for composite and steel (a:
interface failure, b : interface/cohesion failure, c : cohe-
sion failure, d : substrate failure)
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2 Araldite 2011(AW 106 Cl, HUNTSMAN, China)Z AH&-
31911, ot BkA e EH (multiwall carbon nanotubes,
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Z-53}4 8] 7] (HD2200, SONOPULS)7} ARE-E] ¢t MWCNT
o) A Bgol mE BAWsie} soh 548 gohy)
Aoted 22 1 wt.%, 2 wt.%, 3 wt.%, 4 wt.%= AXsto] 53t
2215 A=k} 28] #37]2] RPME 300 RPMO 2
AABIALL AIZEE 10 mine 2 A sko] X3Pk, o+
o] B F Z5uE FYUsHl 10 mingt A2|slo] MWCNT
HARS Weshelch. ato] Bt epoxy/MWCNT 25} 424
o & A|GUN(HUNTSMAN, UK)& -85} 7 2hA| 2
1:0.85 ¥]- &2 Aloj A £33}, F7] 0.5 mmE 5 U317
o]FaAE HABA o] FAE FAT 5 A=

7oA =g 3ol St dAste] AR 3t

i

d S E 4] 7] (thermo gravimetric analyzer, TAC 7/DX,
Perkin Elemer)2 £5}o] 317} &2 % neat of|ZA] =X}
epoxyMWCNT 244]2] 9 Qb 3418 Ragals]
o} 24 B97] dfef 10°C/ming] £ =2 7} =91 a1 500°C
A sestglon Lo e Sl das 2454
th. TGAZ 24317] Aol t)7] % 502 A3 ABL.
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= xhgate] Z2Aa1%T} 30°Co| A 300°C7H4] 10°C/mino)
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Table 1. Cure time on cure temperature for neat epoxy and

epoxy/MWCNT resin
Cure temperature | Average cure time | Minimum cure time
(°C) (min) (min)
23 720 420
80 50 30
100 10
150 5 4
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Fig. 2. TGA thermograms of the neat epoxy and epoxy/MWCNT
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Table 2. Thermal properties of epoxy/MWCNT

Temperature at 5% weight loss (°C)
Epoxy/MWCNT(0 wt. %) 270.75
Epoxy/MWCNT(1 wt. %) 276.24
Epoxy/MWCNT(2 wt. %) 277.02
Epoxy/MWCNT(3 wt. %) 281.40
Epoxy/MWCNT (4 wt. %) 277.69

Table 3. Glass transition temperature of the neat epoxy and
epoxy/MWCNT

Composition Curing t::mperaure Tg (°C)
(°C)
Neat epoxy 80 46.2
Epoxy/MWCNT (3 wt.%) 80 60.5

MWCNT &3t =27} 7H 2 258 253,
MWCNT2] 2AzF E80] 4 wt%Y o] 238 227} &A%
ashe e LEolch o2 MWCNTS B4t
AA A2 Yl Ed A= EAdol Sl e A
QIT}H13-16]. 3FAWF MWCNTL] 2aF B-g80] 4 wt.%d w
MWCNT Ao]o] S7] #AFo & oldke] MWCNT7Z} At &
skl ool Yege] sk Ao BeHr

D)3 A2 AL A7) S o] B3 neat of 4] %
%)} epoxy/MWCNT -5 427 9] §2]Hol &2 RAlgh
AT}E Table 30 LFEbfglch MWONTS| A H-gol
3 wt.%¢]l epoxy/ MWCNT B3} 4222} neat o] ZA| 4=%]9]
$E MOl LES M3 AT MWCNTZ} Bakel 4:7)9]
A o)l =7} oF 30.95% =7}l o]== MWCNT7} 4
7Fee 2 Qs yado] S7isto] freldel =7 7kt
Aoz moltt.

3.2 717 B4 B4

321 A7 E BA

Fig. 30 7%}l neat o ZA] 4|9} epoxy/MWCNT £
579 FABEES 24 ANE Yk 2H 7L
H] il AT MWCNT/} 2Akg] A|0] 8h8) neat o1&
A AR QAo R rasts AS dehya
MWCNT®] ek H-go] 3 wt%d u] 71 W ghe ve}
Y9Itk MWCNTS] Ak go] 27142 A7 w0l
78 AL MWONTS] 225l 4w R <lsho] 9
Have surs 248 & SaeA Lalo] WA A
© 2 FIaETh AR 4 wt.% wli= MWCNT A}o]9] &
QAo lato] ZAET} Fagtel net A7 Eglol
AAH o2 2715k Ao PeETh AHE O 2 Irod 5
ANHOIA A G M LEL B RS Ho4E %
AZE Augre gasts Akl AlrH17-20]
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\)
\

60 -

40 1
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owt% 1wt% 2w% 3wt% 4
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.
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Fig. 3. Izod impact strength of neat epoxy (0 wt. %) and epoxy/
MWQCNT on a different MWCNT contents
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Fig. 4, 5= epoxy/ MWCNT 4=X| &} neat of| ZA] Bgt=%]
O] AFAI Aif 9 stress-strain 27415 LEFH AL Qi) A
SR ES A neat o HA] A E o] &3 AHOA
256 GPa, 1 wt.%2] MWCNTE 3h9-5} A|Ho]A] 2.62 GPa,
2 wt.%oll 4] 2.85 GPa, 3 wt.%o]A] 3.11 GPa, 1)1l 4 wt.%9]|
Al 2.96 GPa?| ghe 212t YERfiITt. of|A] =2l MWCNT
o] Gaol 3 wtarkA] Z7hae] wreh ATE A Fo| 2715t
© AFS HEhl o u 4 wt.%2] MWCNTZ} 323he Al
ol A= 2358 AetetdEo] Fashs 43S UER I
Q-3 o] AlHe] 7k wf, MWCNTZ ¢15}of 7] A %]
=go] FgE o] MIEhdE ] neat o FA] =40 Hs] oF
21% A= S7FHANE 4 wt.%o] A= MWCNT Abo] o] 33
Aoz Qlste] AdetdEgle] @38 fHashs daE

35

Shear modulus (GPa)
= = N N ©w
o (¢} o (¢} o
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L

o
(=}
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Fig. 4. Shear modulus of epoxy/MWCNT adhesive a variety of
MWCNT contents (0 wt.% : neat epoxy)
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Fig. 5. Shear strength of epoxy/MWCNT adhesive on a variety of
MWCNT contents (0 wt.% : neat epoxy)
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Fig. 6. Result in measurement of shear strength for (a) epoxy/
MWCNT(3 wt.%) and (b) neat epoxy adhesive at a differ-
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heb ik HEZE ] 7390l & neat o HA] 524 & o]
8351 A|Ho|| A= 22.68 MPaS VEFN T, 3 wt.%2] MWCNT
£ Z35t epoxy/MWCNT E5t 4=2|0j|A] 27.57 MPaZ neat
oNFAl A F o] &3t AlH Hsl oF 20%7} F3E At
= UERiQI). 4 wi.%S] MWCNTS 515t Ao A= o
Al SHAGO R QI3 HaantE AW )e gho] &% 2

3.2.3 Ao wE HAEe} yAE 4

A2 2ol w2 neat of FA] A2} epoxy/ MWCNT =9t
TA Y A EE SHT 25 Fig 60 UER AT 4
2o A SAT A= 79 neat o FHA] =29} epoxy/
MWCNT &3} 4=%]7} 22.82 MPa%} 28.32 MPaS el
1, A8 =7} 100°Cof| 4] 17.52 MPa®} 26.12 MPa,
150°CollA] 11.95 MPa9} 21.10 MPa, 12|12 210°Col|A] 11.38
MPa®} 17.23 MPa®| 712 Z2H7F UYetiqlct. & dA4 2] 2=
7} Z7kgtoll Wt neat G| EA] 5279} epoxy/MWCNT 23t
A B A e gho] Favhe Holglnh g4 &
L7} 23°CQl 792} 210°C]1 Z$-2] JFE 7S v as)
= o], epoxy/ MWCNT &3t =%] 9] H3A7} = Zh2 39.15%
H4a23FGL AL neat of FA] =2 O] H A= G2 50.26% 7+
a8l A FRISISIT. o]i= MWCNTZ} 323 74-9- neat
of A Hrt HA Qb o] A E o] A=Y AR

Fig. 7. Failure modes of (a1-d1) neat epoxy and (a2-d2) epoxy/
MWCNT(3 wt.%) adhesive at a 23 °C (a1, a2), 100°C (b1-
b2), 150°C (c1-c2), and 210°C (d1-d2)
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Fig. 8. Effect of curing temperature on a tensile properties for
neat epoxy and epoxy/MWCNT(3 wt.%).
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Fig. 9. Effect of curing temperature on a flexural properties for
neat epoxy and epoxy/MWCNT(3 wt.%)
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o] MPAYBLTE. o] & Ae] S clsho] CFRP
yste] A Eakeio] asto] ofyt HAke 2 TehHc,
HA 2] 227} 100°C(b1, b2)2} 150°C(cl, 2)Q1 7ol &7
shalo} Awaka s EakEle] Aol A Slskoich.

2

¢

O

324 A3tz WE 744 24 24

Neat of| A =% 2} epoxy/MWCNT &3¢t 4=4] &) 5}
Lo whE QIFAIR Y 25419 9] A3E Fig. 89} Fig. 9¢]
BRI AEt. 72t epoxy/ MWCNT 53} 42%]7} neat of| %
Al A Eoh 22 Aot oA AR EY A=,
aa 2R EN 25427 E A YEbth B3
neat o ZA] 4222} epoxy/ MWCNT &3} =2|7} A3}
7b S7Fgoll whet 71AA E40] S8k AR YER
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Fig. 10. SEM photographs of (a1-a3) epoxy layer and (b1-b2)CFRP interface for epoxy/MWCNT(3 wt.%)
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o -3t BA HHAS UER It MWCNTO] d5F &
o] 3wt uf 7P Hold d4 a1t 71AH &4
2 Ureh g1 EE, MWCONTS] 43 280l 4 wtoed of
MWCNT 9] 33 @ o= Qlsto] of FA] =2 of &
o7] tEo] 4T ARAE gho] £ 7rae)
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B A= 2017W = ARSI A 7| S AR (A
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