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ABSTRACT: This study investigates the interfacial adhesion properties of two commonly used structural sealants,
polyurethane (PU) and polysulfide (PSF), when applied to carbon fiber-reinforced polymer (CFRP) substrates with
different resin matrices, PU-based and epoxy-based CFRP. The calculated work of adhesion (W, ) values revealed that
the PU sealant exhibited significantly higher surface energy and polar component than the PSF counterpart, owing to
its urethane groups capable of hydrogen bonding and dipolar interaction. Shear adhesion strength tests showed that
the PU sealant achieved strengths of 1.3 MPa and 0.9 MPa on PU and epoxy CERP, respectively, whereas the PSF
sealant exhibited consistently low strength (0.1 MPa). These differences were attributed to the chemical structure, polarity,
and compatibility between the sealant and substrate. The findings demonstrate that interfacial adhesion is strongly
influenced by both the molecular functionality of the sealant and the chemical nature of the CFRP matrix. This study
highlights the importance of selecting sealants based on interfacial compatibility and structural performance
requirements for reliable bonding in composite structures.

Z & & dFoNMe A28 ATER 2 A He E2 U PU) HHES} % —L‘rol E(PSF) AT ES

YARO R, A T A ARE 71 S S okE A CRRR)SFS] A A S4E vl mmAlstele). 12
2X PU 7|4t CFRP2} of| 2] 7|8t CFRPE /\]-ﬁo}oﬂt} PU /\‘?;/'_‘rEt e i a2 ‘ju.]- :LH Z2Fe-7|12 213
PSF AlZHE T @A 5] & HW o Ui x| 34 AR UEon, olo] wet v & e melh dgk 12

AEE 24T A3 PUAREL S ZAAR B ot Mreol 4% A% oA, PoF e 5
Z1A A E B A 0.1 MPa £29] W k& Mtk o] 2fgh Aol ME Q| 8} L2, T4, 13 2}
of Ag Aol 7ok o BT B ATE Aveo A A3 Aol Ba Taet 5= sjaha

S A GRS WSS BolFn], Bk TAEY AR Gl AW 918 A Ae A Aw Ay
F27 7 A9 WA we7t R AN

Key Words: A+ E (Sealant), 3 £-4] (Surface analysis), 7 27} = (Adhesion strength), BF44d-7-73-3} 2312 & (CFRP)

DOI http://dx.doi.org/10.7234/composres.2025.38.4.479

1. M 2 27 A FRE AA FREC Aol U YT
o) Fch YNbE 0 2 HIRE 7 A H Ad HAe B 1

AZE, F37), A5A 5 st 4 F2Bol= 2 ZHQ o] o] Rojx I, o g orRE Q| B,
Moz HRst A, oldt HEte 7w L 7], e ARE WAEkL 2 L 1% dEe) ¢ o

Received 11 June 2025, received in revised form 6 August 2025, accepted 21 August 2025

*Department of Materials Science and Convergence Technology
**Department of Polymer Science and Engineering, Gyeongsang National University
fCorresponding author (E-mail: djkwon@gnu.ac.kr)



480 Donghyeon Lee, Yunji Kim, Dong-Jun Kwon

e s Sla ARESL Mg HH). AEs 2
% <l R9je] Wt offel, ByH 7
o2 HE MRS Hosh= 754 A= 2]

AEL A3} vAUZe] w27 Al AR 2R
t}3]. 3}5} vk-go 2]&f A3} 218Y | = chemical reactived,
kg o] Uk $3) Aot physically reactive,
83 Ashg 5k ¢lo] HZATES & 7]%53= non-reactive
& AHET} Qlt}. o] % chemical reactived ATHE= Q4=
3 AAH SAT YT oR s TRE AuER 1Y
Ue] BeET on], ASE, WELU, AR v 5 of
OFgt Hotol| A g1 QtH[4]. 12|y physically reactived
AHEE 71A% 20| F538to] 7= Hol= At
Zo]w, non-reactiveq HTHE= 7%l sealing 7|5
ghrof FHAI7E Qlth= T o] EARITHS]

) £ ¢l chemically reactived AZE Z X polysulfide
(PSF), polyurethane(PU), silicone, epoxy 7|4+2] Al&50] 3l
o, z}7] Abo|gt s}ehA Lol S8 EAL xdrh6,7].
Silicone ATE = =3t YT AJ-E 2k 9l o, v|=4]
TEE Q3 o] gl v xHovt H4 7Hs
o]—lll EELXHEQ}——] A Hzloll= 3A7F gl 8]. Epoxy
NNAA et WEde Al stA L
e Aoz g ol 8l A5
ol A &2]3}tH9]. PSF
FAE Ao, A
Az &= ARE7 o
et A3 P A2
HhE 515 SjofAl2] Qg 4ol
dfat ujago] Ao oz

M

o3

lo 4o
4
(o

[0 o
H ooXx

S m
Hir FIF

_L

> Jo oM
o g
ok
A oyo [

2 Mok

fr 4y

o
o (mon
-0,
X,
-9

e
-H _12[_5
N o
O
ﬁfg
o _Il)l
=>é

A
¢
o

o
N
N
30,
&
=)
g~}
c
>
-
> m
2 rr

=)
ol
|o
il
-
BN
2
ofy
iy
i
HE

flo 4
ol
L
L
w
prss
x
o
o
2

AT o
e
)
=

o

s} M 2 et Aghee] £5

| 58 shu, choret 5 2Alotel AT 42
Hgol WA BA| F shpoleh12]. 53]
A CPRP)9} -8 2R s T 2o
¥3, A5 A% 5

[¢]

o
el

Fus
BN
il T
>

ol:o —

SIS

il

oF

ox bl

o 2 rr
Jo
i

u
o
e} _11.,1 Im

5 T Ak O

olfol 7 L*ﬂEAHQNﬂ@%JNMﬂEﬂgé
x%o]r,}

71— Na]-r:‘t

siiste) A

Aol =24 9
%ﬂﬂiﬁ*mﬂﬁﬂ4ﬁﬂﬁ
o FAl, e ot 24, &
Fol 1 B2} Aldo] AL= 11 QIt}[15,16].
ol 34, 2, el o4 %
[17.18], 5AT AG=S g5

E3tr. CFRP“ ?L

lonl, 1 7] A
R DISEgaR)
olefst 7| A R 242
shot 7)%57)8 A nE

Hebe AW J2F Ase 24 ek 4= AoH19]. whekA
7 AFE Q] 3lahA] JLxof thgt o] st ofu 2}, w2y
oFo] Ao A F2lo] oj" A o] R X =AF 8= A
T7F dasict. o= ARl e Rt ofye}, ot
st 2ANAY Y& T3 SR A A A=A 3
HE Qs B2l 7Nt AEE Aled 5 °‘EP

Lo A= PU NELEQ} PSF Al2tE

Aot R 2= $3 AT 34 T %*ég Z= PU
714t CERP, T2 oM_ =0 7“&? il# IS A=
of|&A] 7|9k CFRP= ?L**EP*D} Zt
AW EAS B8kl e, A5 é"é
FHo R W Hz o

Jl rh: mlm rﬁ:

R
O:

ok
xR
H

E G

Mo

oft gt ol
2o

i)
2 g

S wie] A= e 71E A A deE Akfskax

-

e},

Sealant

Physically reactive Non-reactive

Butyl rubber =1 Sealing tape

D Synthetic ‘_| Sealing putty

rubber

Chemically reactive

—1 Polysulfide

Polyurethane

i Acylate .
Silicone dispersion I Sealing profiles.
| Epo Silicone
pey emulsion

Fig. 1. Classification of sealants based on chemical composition
and application method
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Fig. 2. Chemical structure of (a) polysulfide sealant and (b) poly-
urethane sealant
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Fig. 3. (a) Total surface energy, (b) polar surface energy, and (c)
dispersion surface energy of sealants depends on a func-

tion of polymer structure

Table 1. Surface energy of sealants depends on polymer structure
v | Py v Y ¥
PU 25.6 15.7 17.2 28.6 2.6 13.0 12.7
PSF 15.3 8.1 14.1 12.1 4.2 9.9 53

=

CERP 382 | 237 | 185 | 494 1.8 119 | 26.3
(PU) . . . . . . .
CFRP

34.1 19.2 12.6 | 35.6 1.1 17.5 | 16.5
(EP)
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Fig. 4. Work of adhesion calculated using (a) the Owens-Wendt
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Fig. 7. Representative fracture surfaces observed after lap shear
tests for each sealant-substrate combination
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Fig. 8. Schematic diagram of adhesion strength differences observed
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