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Adhesive Strength and Interface Characterization of CF/PEKK
Composites with PEEK, PEl Adhesives Using High Temperature oven
Welding Process

Seong-Jae Park*, Kyo-Moon Lee*, Soo-Jeong Park**, Yun-Hae Kim***

ABSTRACT: This study was conducted to determine the effect of molecular formation of adhesive on interface
characterization of thermoplastic composites. Carbonfiber/polyetherketoneketone (CF/PEKK) thermoplastic composites
were fusion bonded and PEEK, PEI adhesive bonded using a high-temperature oven welding process. In addition, lap
shear strength test and fracture surface analysis using a digital optical microscope and a scanning electron microscope
(SEM), and Fourier transform infrared spectroscopy (FTIR) were performed. As a result, the adhesive bonding
method improved adhesion strength with interphase having increased molecular formation of ether groups, ketone
groups, and imide groups which mainly constitutes the CF/PEKK and adhesives. Furthermore, it was found that the
use of PEEK containing more ether groups and ketone groups forms a more strongly bonded interphase and enhances
the adhesive force of the CF/PEKK composites.
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Th 1
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22|71 &4 Table 13} ek, Abgk H|o] < PO =
2] 28| 715 16 ply A 5-5ko] Fig. 19] 3} Afo|2= ARGt
o] CF/PEKK laminas A|2F6}Gich. 2] S 913t A
FE2A 2] 71X A Q] PEKK iLg2te} 22 A& 2
© @7k LEAE H2HAE AAskgih oo whek wt
2] A G5 HHA ofH = (ether) A7]9F A=
(ketone) A37| 5 o8} F-x0f ZFF6laL QU= PEEKSY, +
A 24 25 HuA oEH= AY7E gt =l A
Yl 9= PEIE AF83}9it}h. PEEK:= Foshan dafu new
materialjiit ] PEEK film A]&<, PEI= Sabiciil: @] Ultem
resin 10002 Al8-5}%ich.

=

AR Ao LA =
PEKK®] == ¢l 337°C o] A7HA] A A o= JSAH e
S

A A W 2 ARAE Ao 5 9k 12 08
T 39 ol gttt Bl nEA st YL
Z7MAI F BelH 0 R n8x AL AYS] W
L §3 " wA Abolol AHAAZ 1K F 71D sto]
IS W WA HES DL o8 WY FHS 5

387°C

3T °c

50 mins

Temperuature (°C)

Heat up rate : 3.2 °C/min
Cool down rate : 2.6 °C/min

Time (min)

Fig. 1. Consolidation cycle for manufacturing and oven welding
process of CF/PEKK lamina
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Fig. 2. Dimensions of CF/PEKK lamina bonded by oven welding
process
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Fig. 3. Failure modes in adhesive joint of composites [24]

Table 2. Characteristic absorption FTIR bands of interphase of
PEEK and PEI bonded CF/PEKK lamina [25]
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(cm™)
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1186 Diphenyl ether group, C-O-C stretch
1155 Diphenyl ether group, C-O-C stretch

920 Diphenyl ketone group, C=0
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Fig. 4. Lap shear strengths for fusion bonded, PEEK and PEI
adhesive bonded CF/PEKK lamina
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Fig. 5. Digital OM images of the lap shear strength test fracture
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4 ©.n, PEL {4 24| 2 49t
A EA 8 u%ﬂﬁ} JJ& N whaj e A A =t
off o AuAel uh| S HAck. o] Sl CF/PEKK &
Al 3 TS A8 Al A A AdEol 7l
A A A v g e zhevhal 3dekgl
th. 22]al PEEK A5 o] &ato] e 44, mAet
A2A0 A A o] 71E B3] A Age Hot
73t 32 2 "oka wdskgle) B3 PEIE o] 83 3
ol mAe A o] M3 Aol 7]E B3] AW
Akl B|53t g 2hs ARl olFoirtar Adsieitt.

FAF AR A S ARg kel 9t A, PEEK A A
3}, PEI 214 2%l CE/PEKK 2hn|ube] lap At AJE &



90 Seong-Jae Park, Kyo-Moon Lee, Soo-Jeong Park, Yun-Hae Kim

50008]& & 23t A} 712 Fig, 69] LFER glc}.
A 2] ol B4 IS sl 2ot H 5ol e

S 0% 4 CHPEKK 2tolike] 735,
ot ?Zlﬂ o F71A ¢l BeEE Y 9
A7k skl T o 3 GRS A stel AR 49
A G-of =% ZFo]E(resin residual)o] F2H=E 7S 261
o). PEEK 2] H3te] 79 nlmd 4& ope] 44 ol
o] Rty uhy FAfo] WEE o, PEIO] H2HA] A
3to] Ao ujwA WO oFo] 42| Ao Eo] YElY =R 9
(ductile drawing)®] He|& =0 AJ-q-of H2tE Hefo ot
3] opiyo] PRI, ols) 2ol PEL 124 el A
Hetd =2 ddo] 'y A& FdliA PEEK H2HAE
AFg5to] CE/PEKK 2hlLts: ReHhe ) et o vhe 7

o] QlEH|o]| =7} Aol H2A| Atolof] FAE NS &
4= 9l9it}H27,28].

7] ¢l PEKK®Q] FTIR A~ ¥ E &3t 317 PEKKS} PEEK,
PEI7} & AJ3l interphase®] FTIR A#E -2 Fig. 70| L€k
o, ofof A4-3dt= B4} A37]E& PEKK, PEEK, PEI
o) 31312 0] Aol Fig. 8 e alc ol 53}

o

o o flo mx
i
0
ol
. 3
:12
o
2
_E_L
aY)
=)
_lQ
ni
Jo
_l
ML
é
.
_?1_,
%
i
]o
ﬁ

=

3:

A Aol PEKKe} HzkA| el PEEKV} &£38=9)S o, C=C

Aol WekE 112 (aromatic ring), C-O-C ZAg+e] tjdd
PEKK-PEI
interphase

L
£ é
S ﬂ‘ N /f\ Na PEKK-PEEK
= \ )5 \ /"' v / mterphase
W\ y /\/\A
E ' U f " \ / I/ \\ \ f\/
g . \‘/ \‘ A J/\ ‘
‘ \\."‘ VY /
: ®
H

PEKK resin

1800 ]6I00 ]4I00 1200 10I00 IS(I)O 6(I)0
Wavenumber (cm™)

Fig. 7. FT-IR spectra of the PEKK resin, PEKK-PEEK interphase,
and PEKK-PEIl interphase

© Imide carbonyl group, C=0

@ Diphenyl ether group, C-O-C

® Diphenyl ketone group, C=0

@ Aromatic ring, C=C

Fig. 8. Molecular formation of PEKK, PEEK and PEI

of

El| 2 7] (diphenyl ether group)?} C=0 A3} tjud A=
(diphenyl ketone group)”7} 5715 Qg Ho| =7} A4
o 4+ S)gich. Eek PEKKS} PEL H2HA7H £35S
, C=0 ZA3%9] oju|= 7} Y 7] (imide carbonyl group)7}
7Hel g Ho|=7F A HE o = AAUTH29]

oN & o N

e

A= CF/PEKK €7FAA EaAo] 1 & 2B

3& o) $3 AT PEEK R4 143, PRI 4
Gokth. 223l Al HE9] lap A A=E
W W QlE wo] 2 0) B Agy) 5o 2
A F4S vuskglon, 282 v Eoh
1) PEEKS} PEI A2 & AF8-5}e] A 3slsl CF/PEKK ¢hH]
o] lap At A=7F 53 AdE A8 W) 2t 45%,
19% B %2 2 7ML o= WS AMSRIHS ), =
A2l PERKS} 5 24 71 A gHEl &= 2lEj o o] 27} 3 4 5 o]
A& A& oulsh= lap AW H =8 FART] Aoz o
o3t 4= 3104 t}. QlE{H|o] 2= PEKK, PEEK, PEIE 1A]3}
€ %8 21 3w rwu Az 2, clold A
Ag7)e) Aol 37}

o &
| ol R

e =

o

| TS )
I

o ox

o[-m—‘:lI

© Wt} PEEK & 2HA|
2 A80e o o B g3 z; L}E}w PEEK 4%
Aol Lz o] mAQ PEKKS o] £ Fa Ag7]el o
S el =7], Hsld A7 o ol £ el
7102 WEHEIT PEEK H2A1E AH§5to] CF/PEKKS 4
Tt ), PR A ASYS u) met el B
Ae] uhgo] S BrshA Lot 6% Fat AHL 2
R RES R b e E
3) B 9512 E35}o] CF/PEKK &7} Eak g2 PEKK
o} PEL H &A1 AL§5to] AT o), nEAES Ao

F8 437l Eol Hhesta Agste] dEH o= S& ¥

Aok JAL RS F7k] JFE AL A &% 5 U
o} E3F ArlaA Bakajo] As A A, mAo] ZQ 3}
12 A7 8 BHohe Ariad 18R A E A
SR Zlo] WA el FHA FFS T AL A4 9
ict.
5 7

o] A 20224 T ARIEARHAR Wl AFQ}7) %71

2] (KEIT) 4] x] o] oJa oAt E}(‘zooo7444).

REFERENCES

1. Peeters, D., Clancy, G., Oliveri, V., O’Higgins, R, Jones, D., and



Adhesive Strength and Interface Characterization of CF/PEKK Composites with PEEK, PEI Adhesives... 91

10.

11.

12.

13.

14.

15.

Weaver, PM., “Concurrent Design and Manufacture of a
Thermoplastic Composite Stiffener;” Composite Structures, Vol.
212, 2019, pp. 271-280.

. Kwon, D.J,, and Seo, H.S., “Development of Eco-friendly Basalt

Material with
Improved Fire and Flame Retardants for Shipbuilding and Off-

Fiber-reinforced Furan-based Composite

shore Pipe Insulation Cover;” Composite Research, Vol. 34, No.
1, 2021, pp. 57-62.

. Bae, KM.,, Yim, YJ., Yoon, SW., Ha, JR,, and Cho, J.H., ‘A

Study on the Application of Composites to Pipe Support
Clamps for the Light-weight LNGC,” Composite Research, Vol.
34, No. 1, 2021, pp. 8-15.

. Kappenthuler, S., and Seeger, S., “Assessing the Long-term

Potential of Fiber Reinforced Polymer Composites for Sustain-
able Marine Construction,” Journal of Ocean Engineering and
Marine Energy, Vol. 7, No. 2, 2021, pp. 129-144.

. Selvaraju, S., and Ilaiyavel, S., “Applications of Composites in

Marine Industry;” Journal of Engineering Research and Studies,
Vol. 2, No. 2, 2011, pp. 89-91

. Kang, C.S., Yoo, M.H., Seo, M.K,, and Choi, B.K,, “A Study on

the Bonding Process of Carbon Fiber-Thermoplastic Compos-
ite Using Induction Heating Technology,” Composite Research,
Vol. 34, No. 6, 2021, pp. 421-425.

. Park, D.C,, Park, CW,, Shin, D.H., and Kim, Y.H., “A Study on

Crystallization of Thermoplastic Aromatic Polymer;” Composite
Research, Vol. 31, No. 2, 2018, pp. 63-68.

. Kassapoglou, C., “Design and Analysis of Composite Struc-

tures: with Applications to Aerospace Structures’, John Wiley &
Sons, Boboken, United States, 2013.

. August, Z., Ostrander, G.J.J.M., Michasiow, J., and Hauber, D,,

“Recent Developments in Automated Fiber Placement of Ther-
moplastic Composites,” SAMPE Journal, Vol. 50, No. 2, 2014,
pp. 30-37.

Lee, K1, Choe, H.S., Kwak, J.W,, Lee, J.S., Ju, HW.,, Kweon,
J.H., and Nam, Y.W.,, “Evaluation of Stamp Forming Process
Parameters for CF/PEKK Thermoplastic Composite Using
Finite Element Method,” Composite Research, Vol. 34, No. 5,
2021, pp. 296-304.

Jogur, G., Nawaz Khan, A., Das, A., Mahajan, P, and Alagi-
rusamy, R., “Impact Properties of Thermoplastic Composites,”
Textile Progress, Vol. 50, No. 3, 2018, pp. 109-183.

Machado, C.M,, Silva, D., Vidal, C., Soares, B., and Teixeira, J.P,
“A New Approach to Assess Delamination in Drilling Carbon
Fibre-reinforced Epoxy Composite Materials, The Interna-
tional Journal of Advanced Manufacturing Technology, Vol. 112,
No. 11, 2021, pp. 3389-3398.

Cheung, C.H., and Lin, K.Y., “Numerical Analysis of Fastener
Delamination/disbond Arrest Mechanism in Aircraft Compos-
ite Structures,” Journal of Aircraft, Vol. 49, No. 2, 2012, pp. 630-
635.

Park, H.J., “Effects of Stacking Sequence and Clamping Force
on the Bearing Strengths of Mechanically Fastened Joints in
Composite Laminates,” Composite Structures, Vol. 53, No. 2,
2001, pp. 213-221.

Farahani, R.D,, Janier, M., and Dubé, M., “Conductive Films of

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Silver Nanoparticles as Novel Susceptors for Induction Welding
of Thermoplastic Composites;,” Nanotechnology, Vol. 29, No. 12,
2018, pp. 125701.

Ahmad Sobri, S., Whitehead, D., Mohamed, M., Mohamed, J.J.,
Mohamad Amini, M.H., Hermawan, A., and Norizan, M.N.,
“Augmentation of the Delamination Factor in Drilling of Car-
bon Fibre-reinforced Polymer Composites (CFRP),” Polymers,
Vol. 12, No. 11, 2020, pp. 2461.

Babu, J., Sunny, T., Paul, N.A., Mohan, K.P, Philip, J., and
Davim, J.P,, “Assessment of Delamination in Composite Mate-
rials: A Review; Proceedings of the Institution of Mechanical
Engineers, Part B: Journal of Engineering Manufacture, Vol. 230,
No. 11, 2016, pp. 1990-2003.

Zhao, T., Palardy, G., Villegas, L.E, Rans, C., Martinez, M., and
Benedictus, R., “Mechanical Behaviour of Thermoplastic Com-
posites Spot-welded and Mechanically Fastened Joints: A pre-
liminary comparison,” Composites Part B: Engineering, Vol. 112,
2017, pp. 224-234.

Yousefpour, A., Hojjati, M., and Immarigeon, J.P, “Fusion
Bonding/welding of Thermoplastic Composites,” Journal of
Thermoplastic Composite Materials, Vol. 17, No. 4, 2005, pp.
303-341.

Costa, A.P.D., Botelho, E.C., Costa, M.L., Narita, N.E., and
Tarpani, J.R., “A Review of Welding Technologies for Thermo-
plastic Composites in Aerospace Applications;” Journal of Aero-
space Technology and Management, Vol. 4, No. 3, 2012, pp. 255-
265.

Lionetto, E, Mele, C,, Leo, P, D'Ostuni, S., Balle, E, and Maffezzoli,
A., “On the Delamination and Debond Suppression in Struc-
tural Joints by Z-fibre Pinning,” Composites Part A: Applied Sci-
ence and Manufacturing, Vol. 38, No. 4, 2007, pp. 1107-1115.
Lionetto, E, Mele, C., Leo, P, D'Ostuni, S., Balle, E, and Maffezzoli,
A., “Ultrasonic Spot Welding of Carbon Fiber Reinforced
Epoxy Composites to Aluminum: Mechanical and Electro-
chemical Characterization,” Composites Part B: Engineering,
Vol. 144, 2018, pp. 134-142.

Gkikas, G., Paipetis, A., Lekatou, A., Barkoula, N.M., Sioulas,
D., Canflanca, B., and Florez, S., “Corrosion and Environmen-
tal Degradation of Bonded Composite Repair,” International
Journal of Structural Integrity, Vol. 4, No. 1, 2013, pp. 67-77.
David, A.D., “Advances in Structural Adhesive Bonding’,
Woodhead Publishing., Sawston, UK, 2010.

Hu, X., Mei, S., Wang, F, Qian, J., Xie, D., Zhao, J., and Wei, J.,
“Implantable PEKK/tantalum Microparticles Composite with
Improved Surface Performances for Regulating Cell Behaviors,
Promoting Bone Formation and Osseointegration,” Bioactive
Materials, Vol. 6, No. 4, 2021, pp. 928-940.

Thull, D., Zimmer, E, Hofmann, T, Holtmannspoetter, J.,
Koerwien, T., and Hoffmann, M., “Investigation of Fluorine-
based Release Agents for Structural Adhesive Bonding of Car-
bon Fibre Reinforced Plastics,” Applied Adhesion Science, Vol. 7,
No. 1, 2019, pp. 1-19.

Norman, J.J., “Toughened Composites: Symposium on Tough-
ened Composites’, ASTM International, Pennsylvania, U.S,
1987.



92 Seong-Jae Park, Kyo-Moon Lee, Soo-Jeong Park, Yun-Hae Kim

28. Todo, M., Nakamura, T., and Takahashi, K., “Mode II Interla- 29. Park, S.J., “The Adhesion Properties of CF/PEKK Composites

minar Fracture Behavior of Fiber Reinforced Polyamide Com- with PEI and PEEK Adhesive Film in Oven Welding Process,”
posites under Static and Dynamic Loading Conditions,” Journal Master's Thesis, Korea Maritime and Ocean University, South
of Reinforced Plastics and Composites, Vol. 18, No. 15, 1999, pp. Korea, 2022.

1415-1427.



