Co s Vol. 37, No. 5, 402-408 (2024)

mpOSI es DOI: http://dx.doi.org/10.7234/composres.2024.37.5.402
Research ISSN 2288-2103(Print), ISSN 2288-2111(Online)

Paper

2, Yks U o4 5 FHT ol T AT
AN U AEMH EA 1Y BN

Analysis of Mechanical and Thermal Analysis Properties of Adhesive
Exposed to Harsh Environments such as High Temperature,
Tap Water, and Saltwater

Rak Beom Kwon*, Sung Ho Yoon**'

ABSTRACT: This study evaluates the mechanical performance and thermal analysis characteristics of adhesives
exposed to harsh environments, including high temperatures, tap water, and salt water. Pull-out specimens were
prepared to investigate changes in adhesive properties under varying temperature, moisture, and salinity conditions.
Dynamic mechanical analysis (DMA) was used to measure the glass transition temperature, while field-emission
scanning electron microscopy (FE-SEM) and energy dispersive X-ray spectroscopy (EDS) were employed to assess
microstructural and compositional changes. The results indicate that exposure to different environments induced post-
curing, raising the glass transition temperature and enhancing the thermal stability and mechanical performance of
the adhesives. Chemical analysis revealed Na and Cl ion penetration in specimens exposed to salt water, suggesting
potential long-term degradation. Despite this, pull-out test results showed minimal variation in failure load across
different environmental conditions, although microstructural deformation was observed on the adhesive surface after
saltwater exposure. These findings provide valuable insights for selecting and applying adhesives in automotive and
aerospace components exposed to harsh conditions.

Z 2 TN L, drkp, dE A 7S
Z

3 27 HEA ] AR HET ARNH 5
4 Arksherh chobet £, S W G o)A AAA 5 gz
L=
=

29
WekE 245 9 Eobe AW Abg
shgoul, AA WE FA AR 0] (FE-

pul

Of

stk 54 71412 £47](DMA)E AHg-sto] feldol e
SEM)TH o 2] H4F X4l S (EDS)S Agstel A 2 W AR WBkE Brbshech. A Ante] e,
AA7} e AR sl B AR freldol eEol et 439 A ey oA
A Aol FAES & 4 QGIch Eh, B1oLH B4 Aubol At A7 Gof kE W Na % Clo]-2o] A
5j0] 471420 SToIA H219] A A s EATE o - ootk TRelE Hrsha & ok A At
= HAA st B 2o B H e ehE s 5150 Mehe 2A) kAT Aol mE W HAA EH

Oﬂ 1A gl ebdel BAN Al ot AT ANE L N BARAN £ EHE AT L Y

F A faol AgEE HAAL AFSHA e 2 olof g AlARI

ﬂ-l

_Il)lt o

of 2

Key Words: % 2+A4]| (Adhesive), 7] Z]] Z| E4J (Mechanical performance), &35 % E4J(Thermal analysis characteristics),
7}5- 27 (Harsh environments), &7 SH(Post curing)

Received 14 September 2024, received in revised form 30 September 2024, accepted 4 October 2024

*Automotive Business Unit, SEKONIX
**Department of Mechanical Engineering, Kumoh National Institute of Technology
fCorresponding author (E-mail: shyoon@kumoh.ac.kr)



Analysis of Mechanical and Thermal Analysis Properties of Adhesive Exposed to Harsh... 403

1. M 2

A FEo Al A erE deAor EE, 2
o 7IAA A A FAAE AR A AlE
Aol 2 Hg= o] gt A Ad AL w2 A
I Wi+ dE Alsshe Bl e A sl 7=
© 9Fold T o8 A5 =28 d FHF S S
o] £A1E FHtetthe @ ol ok vhd, 2k A2 2 o
2gt 71 A A A A Ao FH S S5 S = e Ao,

3] AR Bl g 7lek B2 ol el FAFEE

A= 5&4de wole b 7od 5= o] AsA 3 &
- Aol A Ago] HAF S = AL Rl
A& AE UAS 2o et 9 A 7 U fA4
off frelste] et AAGolM = AREE AL k. 12
e &&=, 5, A4, et 22 =7
off sl dstE o, F2HA & 71 A2 480
utebA, HAAE A te 28 BEE S8
of A JAAE AdAskaL, 2 A
off w2k 3 o] o] Fo Aok gt o]t
< oigk Ak A2 A2 A 7k 2k gl w4

-
= AlEA A A 5

ol 24 m

1=

i)
&9 5ol Askd 4= k. o] gk o] - &, theFet 3
73 aRlEol JaAY B4 nAle FdFE 2ARE A+
E0] o]Fo|A gt

Hwang 511 &4 5349 7144 54 HatE
ZAFsl7] 918f 35°C, 55°C, 75°C9| 27 oflA ARAIHE &
garglon, nE 2=t oSSR oS Aol A &
a8kl A4 AR 7HEstE T ATE Baskgict. Zaeri
SR21e Az 9 oaeh 3 2400 9 2QlE]
2 545 grtehglon, okt ghg ol A 2HA o] H4
3k= sl #h3 shgo] AA Faths 2elskitt. Viana &
3 &8t ol A7t =EE A28 H2AY =4
H3kE Brrste] H2A Y 7hastet A 34 Foll tigt
g3} FAS B 159t T3, Davies &
2H ot 7Nk YA o EAS H s
4 & &= A7t oF 40% YAP oW AXAI7H el
 FE-2 ] EErka skt

ol AgY AFE2 HFAY 71A|H 5 Astel of

1o

i

—_

o 08 ARS ATAAL, QLA 1A A5t A
B4 o] n)x 2 aQle] e BALS o
=5 Aejolth. B3], gl dolLwst AR 714 A
5ol mIXE Gapol e A7k WA elol, oo thak A
A g "azt ek

e
e
-1

=2

>

1A W AEAE B4 BostaA Gt olE 919 B
Ardont Lw, AUk, 948 Tty on H2HA|
o 714 A3 RN S4o] AL GG AA
o= BAskE, WAAY B8 iAUZS FYaect of
3 ATE AFH, GFEF 5 S BHIAY HEA
S I3 ARE ATFORA, HEA HAL 47 3}
Aol Hag wier Ao 89 4 gt

2. ME MZE A A Y

13

2.1 A#E HMZ

A2A o) 71 A A E4& B7EsE7] fl8l, AlolEe] A&t
H E o Al HE AlArste] 2 Ad AlfS 3kl
o|& ¢I8fl 3D ZHHE o] &3l & ok AlHS A&l
O, & o] AHE 20 mm x 20 mm x 8 mm F7]2] FAF
o=z HSlth Al E FYHFoll= o] 5 mme] Fo] uhA QL
o, Alol& AYdS fI% g o] vie o 37 F Utk
ol2fgk B2 AlolE9] At AlAxt HAA 9 At 4
= At B7HE 4= JeE SkGlt). Fig. 1ol= Al A

25 917t Ffo] YER Sl
Alo]Eo] At F o A A& 2L ohaa &
th (a) H SSF H2RAE FAS o, J2A7E Alo]
2419 e Bl el 2 WS 98 B
el gl mEshelTh o Wge A%
R
Z]

S}, Ee1o] Aol Ate) o] AolEL AIstrt. of
= AlelEol Bt f1A] o Fol =& 517] Qi P o7,
%Eﬂ

U2 2910) 22 BRE YLD $A517) B (© 7
S P
\  —
E
g L

Bond Depth 8mm

20mm Smm

Fig. 1. Configuration of mock-up

Mock-up

Cable Cable

>

T |
300mm

Fig. 2. Configuration of mock-up specimen with cables



404 Rak Beom Kwon, Sung Ho Yoon

olgo] AL FASIES T F, B Fol AHAZ 7
s} Fshan, A A% 2o net AEAAT. 43

A2 9 71 AA e AHRE Faw Yo, 4
o] ot A& 18310l 2t RS ol 14 Sk (d)
AE7t e, Aol o] AR F ob WS AL 5
olet.

Fig. 20]1&= Alo] o] A2bel & ok Aol Aol Liet
U itk A9 Ak 2 HRA AzARA (a) 25°C
o 124171 oA, (b) 60°COTA] 90, () 100°ColA] 505 5
o A 7HAE AN B AT E A &8 AL
3e]5ted, 25°Co) A 12417F o4l 43k 24 ()2 A 45
ek A5 Ao o] FAL 24 AWG(0.22 SQ)o] 1, A
Zoli= 300 mmolck. Ao| 22 HaHie] /1A% 54 %
Ve S QES B AR SR 242 150 mmH wE

o glck.

o

22 BAZU k&
Aol Lol A5 E
25 A3 7144 542 A7) 918 (@) 25°C o]
= ) A4 ool
A 144k0Z 59 A 74A] 279 242} weZ A Fek ol 1
Ao 2L -40°Col A 6A17F, +85°Col 4] 6X17F 59t 1]
£ Ao Qofstert. oo 2 7Ha & Wks 3}
A7t AR 2 BN AS 4 Uk A 2 9 &
£ 28 mapshn, ol WA ] WA A3t SHS
Boboh B Fa%k Qlzfolch
Fig. 3ol Qe 24 2 @4 F4o] 144t0]2 w2l
Aol o] A2l F obg Alwe] F W 1=F Tyl Lhet
U gtk 94 BAS AA G5 mASH] 918 5% A4
Ao, o e Bl DPE A4
A2 BARR otk ERL AR S 52 W st 4
S B 1°Cmin0 2 AAskect. olefat L& ¥
S HHAL S W] nte s 2] ZUA
Fobul, g hAlo] ARA A B4 Wobskad A
oft}. o] THEL Bl 2 37 2ANA HHAS) A

2 A% Wt AU E, el dstE Akl

[o

¢

oy I i-;lj 4

B

(&) Specimen preparation in the chamber

(a) Overview of specimen preparation

Fig. 3. Preparation of pull-out specimens exposed to environ-
mental conditions

Fig. 4. Configuration of DMA test set-up

2.3 AN WY

Alol&o] A2 & ok AlHo AR-E F2AS] Ei
A EAS B7tst7] Sl 54 71414 2471 (DMA, Q800,
TA Instruments, USA)S Z-83}o] S| HolerE =43}
Atk FeEl Aol 2 == J2A Y 7 AA s dEA &
A= B7Fsl7] Qe a3 AR, JAATE 8 el
Ao & Wzt ojB A Hh-gsh=Alo] gt Fash JE
= AlF3th

Fig. 4ofli= @& AJHo| 2L DMA AlF X717} LhEt
1} it} AJHL 30 mm x 10 mm x 3.2 mm I7]|& Eo] 9]
t}. DMA AJ§-& 98l AlHS A3 20 mmE G A]7] 4L,
30°Coll 4] 100°C7}4] 2°C/min®] &E & 22 A]7|H 2235
ATk ojuf MF-L- 10 um, == 1 Hz AASFAAL, A
¢l (sine) I 9] stF2 7ksto] H2HA9 71 A4 SHS 4
Zshaich

olglgt Al 27& -85t 2= W3t wheh YEh
+ A9 B 9 WA WskE AU

Fig. 50]= Alo] 5] 2te & of
A 7F e qick J&2A1Y] A s
B Al F AR (2100, Zwick, Germany)E AME-5HSITH & of
2 AJHS A Ao A2belar, Al 2 mm/min®] H
91 Aol Aejoll A st 7hske WA o= ZdsH3IT. o]
23k §9] Ao} WAlE J2A 9] Ad A=E S5k )

A
o
ot
4
30,
s}

Fig. 5. Configuration of pull-out test set-up



Analysis of Mechanical and Thermal Analysis Properties of Adhesive Exposed to Harsh... 405

o], 515-19) BAZ Bal Al o) w7y
Eo AAH o BAsledth Ea A8 2EA(U2A-
T200kgf, HBM, Germany)2 AR8-5to] =74 % 30 Al
=5 =30 ol= A mAIRE Mol it sk &

S ABsA A5l AE Aol AL o _"E}
Aol o] A2kl F ok Awe] A A g 5919 A
o8 o) &) ul TR T W HE BAL 231519

t}. o] & 93l FE-SEM(FE-Scanning Electron Microscope,
JSM-IT700HR, JEOL, Japan)S A-83}0] Aol& THS I
SR Bashgl oo, Ao Ao) kel AW B4
& s 2Ashint

E3L, EDS(Energy Dispersive X-ray Spectroscopy, Aztec
Energy Advanced Package, Oxford Instruments, UK)E A}
gato] AolE Ere] AHS BAsIIT). EDS R4S 5
;‘,—H X—l;‘d—xﬂ7} XLQ_E] ‘r]-J iD:] /\—]_L"_ Bz E Z/\],o]_jj_ ;(4
A ef Aol & Abel 9] sheha] FTAE2 B S ©]
2Rt ' 242 2 9 *é% A dste] e o]
sfste ol S8 JHE AFAh
3. Al Zat

31 Ao WY Sy
Fig. 60|l= Alo]&o] A2t & o AlHo] -85 g2}
Aol tfsl] DMA(Dynamic Mechanical Analysis) AJ&-&
slof A2 A Agk/d A <=(Storage Modulus), <=4 &/ A 4=
(Loss Modulus), 12]3! tan §2] AE Al AxEo] YER}
Itk o152 HaAe] 71AH SHE Thoket £ o]
il A Sk Fo3 AEE AlEetch

A2 9] fel o] LR tan 8 AR 72 LS 7%
o= AAstth EATAA e AFEAASo Hle=
== tan § A= F2AZ} F-2] Adefol A L5 AE
2 Aolsts AHol m2g BT e Nas &
ol 2=E Aste =8 AxE, FZHA Y] 7| A4 &
RNz B4S BrlG o 2od ANE AT,

AR A AL SARA A 22E AEA 0] B

2000 08 250
s e N
& 1600 o—;‘—\‘—fé\—smrags medulus (MPa) - 200,5‘
?, 1400 : +——4——Loss modulus (MPa) ‘w%
5 1200 P, " \e—tan3 5
Bwl 7 \/} o | i
g 1000 \ \ 04 "= ‘“'8
E w0 \ \ & =
& 0 \ v
o \ 02 o
c.% 400 S, ¥ 4

———————— (]
= il .,
o 8
0 - -

0o
20 k] 40 50 (1] T 8o 90 100
Temperature (°C)

Fig. 6. Typical test results obtained from DMA

Table 1. The glass transition temperature of pull-out specimens
exposed to environmental conditions

Before exposing . .
. After exposing environments
environments

14 cycles at|14 cycles at
water saltwater
immersion|immersion

25°C air curing |10 days at
for 12 hr. 25°C air

Glass transi-

. 50.7°C
tion temp.

58.5°C 56.8°C 56.8°C

S 44 vhee YER e, o5 ghe] Wske HAA o &
&= Hgle] g 7|A1A 548 Yehdl= Asolth. DMA £
A& 3l ARAF L 3 AL 230 2 Aol of
A Halst=AE AAH R EAET

Table 10f= thefeh 247 2710 =&H F2A9] feA
ol 2Lk W7l yEh St of 7ol A H 25°C tf 7] of| A
1247 &9k Fotd JAA 9 frejdol2me & =4
of 2 =g AFe| Aol7t oA HeERdT

57 5@ =E A9 FEfdel2Es 50.7°CR YERES.
™, 25°C tf7] o]l A] 10 E<t =25 A 585°CE Z7}a}
STt T, ARk Holl A 144102 keEd A9 frE|Ad
ol 56.8°CE S E o, 4 HgolA 14xbolE
32E A= FYstA 56.8°C§ et

ojef g Aih= 25°C th 7] oA 1241t ZJ3tE H&HA|
7F & ool mEhA] bt HER e, ot e
220 mEgol wet frE|ol 2=t Sk dde B
ol o= H2Ae BeH(degradation)  th= 7 2H(post-
curing) IH7g o] AJulj 2} 2 2 yrebth= A& ofv]eity =,
HHAPE 27 230 mEE o F7HAQ) Beprt dojut
o, o] Qlsf A frelidol et g5 sAl Ee Aol

olHgt 43} AFL HAA Y i8e FIA7IE
<A S A o 9len, 53] F71A Q] 28 2

oA HZA o) 5o fAsk B Fast 2J3ke ol B

o°{'

3.2 £ o2 AE Z3t

Fig. 70 o] o] 2H5l & ok A AY A<l 5
G- A e U ol WA 7147 4
9l o] St AR 7he] 4TRG-S AA A 0 BAE
Lo Fa e ah d 29 7} 7L AolE
@ 9wk SO, Y2 Al 9 ok vAUET UR
2 AV GUsF (W) A so] 28] Aol 27

B2, Alole H2A| ZHe) HoH7F obAl €) i 3
A o AdEelth (B) ARE AgstsoR o1oH A]_I:]
9] Aol 5 mh) F-91ofl A v 7 (necking) o]
Zpsh= A 2R, o] A HollA] Alo]Ee] HHA el o
&7 Yehge AlolEo] 2402 o3| 7] wfgq

A2 A2HE B39 (debonding) O = Q13| Alo]E0] & 0}

II

O

S

o &TT
1_,__,O_>|~..HEO>~E.|.4I‘E

r&



406 Rak Beom Kwon, Sung Ho Yoon

Marking
dhesiv Adhesiv Cable
Arme:[ic:hr - m snagging
Mock-up Cable
(A) (B) € (D)

Fig. 7. Typical load-displacement curves and failure modes
under applied loads observed from the pull-out test

Table 2. Test results of pull-out specimens exposed to environ-
mental conditions
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(C) Exposure to salt water for 14 cycles

Fig. 9. Cable adhesive surface condition after pull-out test
observed through FE-SEM
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