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Evaluation of the Performance of Joint Structures in Non-conductive
Thermoplastic Composites Bonded by Induction Welding Using
Ag/PEEK Conductive Susceptors

Ji-Hwan Ha*, Yun-Ju Kang*, Sung-Ha Ji**, Hyun-Woo Ju**, Byeong-Su Kwak*, Jin-hwe Kweon™*'

ABSTRACT: In this study, conductive Ag/PEEK susceptor films were used to induction-weld non-conductive glass
fiber/PEEK (GF/PEEK) thermoplastic composites, and the welding performance was evaluated as a function of Ag
content. Ag/PEEK films containing 40, 50, and 60 wt.% Ag were fabricated by mixing Ag nanoparticles and PEEK
powder, and their electrical conductivity and heating characteristics were evaluated. Both electrical conductivity and
heating performance increased with Ag content, with the 60 wt.% Ag/PEEK film exhibiting the highest values of
50,606 S/m and 439.4°C, respectively. Non-destructive inspection and cross-sectional analysis showed that the 50 wt.%
condition provided the most uniform weld quality. The specimens welded with the 50 wt.% film exhibited the highest
interlaminar and single-lap shear strengths of 18.5 MPa and 12.3 MPa, respectively, corresponding to improvements of
79.6% and 127.7% over those welded using stainless steel mesh. The results demonstrate the applicability of Ag/PEEK
conductive susceptors for induction welding of non-conductive GF/PEEK composites.
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Fig. 2. Simulated thermal behavior of GF/PEEK with Ag/PEEK
susceptor with different Ag weight fraction a) 40 wt.%, b)
50 wt.%, and c) 60 wt.%

distance) 8 FAH,RE AAH ) Q17 Fuakaeet A
Fe= IY FH FAEE= /\]Z_" §]' A7V =7
Aol 3712 A 7Y 3§ w329} 7k

oS AAstal ZA-u 2
= ] e A B R P e s

AA7]-E8 A4 i =4
&3 An 9] A4S e sto] ARl QI7F Fabaeet
A== 717 250 kHz, 400 AR A3 o, UL A4
Ao AL A HAFE 27 23 mm 79| WA 0|2
(Pancake) FAS #3514t E31 T2+ F 719 72
A-+/PEEK 9 d = Mgt o, gl =g A4l

Table 1. Results of induction heating simulation

Magnetic Flux

Item Location Temgz;i ture Density

(T)

1 250.4 0.0122

40 wt.% 2 303.5 0.0204

3 304.8 0.0210

1 305.5 0.0122

50 wt.% 2 352.9 0.0204

3 364.3 0.0210

1 355.6 0.0122

60 wt.% 2 407.6 0.0204

3 423.7 0.0210
B¢l Ag/PEEK BE-Z v 3kie). )4 & T AL o] 53
A gk 2o Agsigon], 39324 1 A2 A
Pl AT Awe] AW YEHS PASEA Aol %
B3 AL Q7P S1%t M ol 2790 1mmz A

atsieh.

o

e 20 F Ag Shgol W2 Ag/PEEK I 59| §&
7+ A5 v sk7] Y3l 40 wt.%, 50 wt.%, 60 wt.% Ag/
PEEK o tfjgl] 10x 52 342 =335}3itt. Fig. 2(a),
(b), (c)= Z}Z} 40 wt.%, 50 wt.%, 60 wt.% Ag/PEEK HE-o
<>HH Ado|rt. HE A 2L FAFu of-g-==
d G o] =30 Fig. 2(a)of] FEAIZE 1~31H $]2] 9
A FET HeRe 2= A7) WL Table 10 4]
sttt WA A 714 U= Ag sheFat A §lo] Al 72l
olx]of| A ZFZF 0.0122 T, 0.0204 T, 0.0210 T= LFEFTE. o]
54t 1Y A, -T2 1 AE A L A7t
XA A7 Bx7E 2 2Y Aol o AAE

Zolth. 53] 2, 3‘?1 A= 19 X R} =2 2714 Y
T8 Yehfo] Y S E A J9E TR 12 o
Aol P =Tt FLT A7 B 2AA HEAH
O] &= Ag FheFo| F7hghe) whet F=318kA S 7hsk T
40 wt.% Ag/PEEK ZE0] A0 1~3:H 9]x|of|A] 212} 250.4°C,
303.5°C, 304.8°CQ] £ & el on] BE 2]x|o]A] PEEK
O] F2rof =EshA] L5kt B 50 wt.% Ag/PEEK
dAEoA= 1~31H 29 2=7}F ZH7F 305.5°C, 352.9°C,
364.3°C2 Uehdon 2, 31 9|04 PEEKY] £ &%
o] Aol =Estaith 60 wt.% Ag/PEEK o A= 22t
355.6°C, 407.6°C, 423.7°Co] &2 Jehjjo] 7} =2 uf
4 E4S YeEon BE 54 9|94 PEEKS] &-§
25 o]4fo] mEstt. webA FYUg =t 2710
Al Ag FHeFol S71E S AAIE 9 Y 5ol FE
o £3] 50 wt.% o]4Fo A HtAHe] PEEKE 88417
4 e ddo] wAst= Ao ® wdET

HJ

F



Evaluation of the Performance of Joint Structures in Non-conductive Thermoplastic Composites Bonded... 395

Welding 9

direction

GF/PEEK

Susceptor
¥ -~ - (Ag/PEEK)
o~ B -~ -~
ey e e T T S T S T ::q
1 1
I 1
I Magnetic field I
| X |
1 :/ vz :
1 - 1
; IR . 1_wheating !
| = T : I
] - S T
SR
n i \
R AR s A R
: —J r T \ 1
/I - ‘ T \‘ |
1 W ’ \ N
1 &« X ¥ A ' N :
: Eddy current :
Fig. 3. Schematic of the induction welding process and mech-
anism
24 A% REEF 3T  HE AMHE NEF
B Aol M 8% A% GG FHT AgPEEK 2
= 283 =849 WAYUES Fig 3o Z3ih A%
FEEH 3R dAE 2L F27t ¢8R A4S /A
g EH R 8 W ot @A ol stk Adste 2
o F AF 7 A7FEE g mAAT] o] YA H
aL ool oJsff H=/d AAYEIQ] Ag/PEEK F& HiFof
F7F ek ool ot & > Ag/PEEK 5L
Z4Ho 2 wAshe AAE ol I fel4)R/PREKY
YA 2 AE o] PEEKS §-8-A121ch 2] o] 5
o et g8 Wl FAst: 2ot mushd &
o) 9% 5ol s WAk} g0l o] ol At o] F &
7} Bk AR 7hd G o A Hlojut WzkE e -8

=l PEEK7} A 31¥lo] Hehesl @A,

S-S oI Gorelel A fte] TH-6000 1153} £}
2712} 4 740] 4 mme] YF FEIBZ A 23 mm 2
7o) WAo|L WAF o) UG AUt W AlBe
A A ATHAIES ST AS Teisto] ASTM D5868
Ao wet 101.6 mmx101.6 mm F7]2] 8-2]41-8-/PEEK 3
98 254 mmx101.6 mme] 22 71X == vl X5},

el Ag/PEEK 52 A&/ AAE = AFlskgitH26].
TGRS 2380 A AAT A7F 23, A=A 1E A
=3 719E A8ste] skt F4 sfAoA 10z &
AR leFH 24S AA FEEH SAMAE
AR @] flsl ZYe 2 mm/se] HER O]FA]
e oln E2E ol-&ste] Aol 150 N9 b= sl
= 7hstalen 7HE - 2| /PEEK 92} Ag/PEEK A]
A Afolo] HES FAISEL S13] 2= E=S ST

A oA

3.1 FAMHXEH0E ¥ UK 24EEYH 24
AZet HwA] AAIE Ag/PEEK g u]A14
A, Ag AAFe] R e 9 A7) Ag TS B
AR T 7 (Scanning electron microscopy, SEM)¥}- o
R EAHE G (Energy dispersive spectrometer, EDS) £-4-&
£2=85199 T}, SEM/EDS E-4o]l= Tescan 2] SRO(S8000) %}
H| & 2-§-513it}. Ag/PEEK H& 3£ 9| SEM o|n|X]|& &
off Ag o Hslo] whE Ag dAbe] Ex EE, A 7 A

ot

=5
_Q‘jgl“ﬂ.
T

b

42 ASTM E1508 7145 Hatsto] yshiut(27]. =
d 9 Ul A& Y= Agdh PEEKS] 714 4l ehae}
Aha 2 AL, Aatoll 83 99.99% =2 Ag U}

=Z3hd A, o, 78 5 Sa¥Y eeed ¥E 4T
| FF= vAA & Ao dste] JEsHA s
A7gsitt. S §3ll Ag/PEEK 252 74d51= Ag, 4t
&, ThA o] AAEF vl o A E Ao, o] & A2 Al

3.2 M=d MHH MIMEE £H

Ago] FAEEC] whE A=A MAlE S VA =S
7Va17] 913 A2t Ag/PEEK 29| AV AEEE =
sHach A7) A EE 248 MS Tech jit2] M4P-032, 47
A =74 AvlE ARgste] =35kl e, ASTM F1529 f

O Al ox o

Fig. 4. Setup for 4-point probe test



396 Ji-Hwan Ha, Yun-Ju Kang, Sung-Ha Ji, Hyun-Woo Ju, Byeong-Su Kwak, Jin-hwe Kweon

& Fosto] sl 28], ALE LE RARES] Agl
o2 AVHAEEE 2451900, Fig. 4
o Lrehdl who} o] 7k 278 o) Ag/PEEK B E ER9)
o) elol A MR 3he S stedrh. 2H5E v
© % Ago| B2 go] AgPEEK BE| 47| A w o] vl
A e wotshdon, 24 98 AHEE e
Wmsle] Ag 4 Rl FUAE Bshn
3.3 MM MAE U Ms SH
ARSI AAE AG/PEEK BE| el 4
P5k7] 9ol =k Bl B Al A 2w st
st v Ay grte] 83 A|HL A EIE T
3ty 71 ‘ﬁ-,—]EE} FE3] 2 60 mmx60 mm =7|2] Ag/
PEEK L2& ALg5Hith =44 AT FUat 2719l
250 kHz, 400 A%] W& HEZ ol ol7}stgon, 1
7} Ag/PEEK I E9] AZ]= 2 mm& A5Gt o]uf, A
ol b2 e de= S5 H8l 2L A A=
A7skleh A4t e FAES Y] Ag/PEEK D55
sk, K-type?] S & A

S

mlm off
_11}]1 mlo
_E ol o

Fozdd 4sE S

8oto] £k Hsks SAetgth 54 2E HigeR 2

7] = Mok, Hd s 2=E Hlaste] Ag A o

ol I AFol A FFE BASHUE BT, Aol &

83 Aol P4 L) #A 0] 23 mmo]|r] 2 mm/s9]
ol £=E A83HAE . oF 1023t AR s E]

= A= LE%OPO# 0§J7 < 1 b= R e ig—g B3}

3.4 H|mta|HAF A EHH 24
A&’y AAJE Ag/PEEKE &-§3to] f=8HH f24
/PEEK®] &5 F4& B7Hst7] lalf vjah 2 H AL A &
W B8 =3)319 o). vuly] A A= ASTM E2580 114
onolol S EHR9). Fig. S(@y Bk A} o)
H S vjephdich. vja )7 Alel|= Japan Probe Co., Ltd2] JPR-
600C 221} AH|S AMESFQITE 33 241504 400 kHz
A U4 3712 F2AE Agelsich $4
&4 —’F -8 'EAS] -6 dB Sk &2 77} 128 kHz
9} 112 kHzo|t}. F41 HA A2 200 VE, X I Y 1R

o] 4

(¢}

Eliminated /
area Eliminated
4 area

Fig. 5. Non-destructive inspection a) setup and b) geometry of
specimen

= =
w19 dststol) 212 ol ikl 413
gol AskE = Sl ol2dt 5% HJ’Q.:% 123}
254 mmx101.6 mme] Fg 94 S J,]Q]
3 U5 21.4 mmx97.6 mm FH o] &4 AN vigto g &

A A& B8l B, HE F0o] $214-5/PEEK
9] g3ke A3)sl7] ¢35 101.6 mmx101.6 mm =7]2] &
2] /PEEKE Ag/PEEK TE-& &-8-3}o] S431a He
F= AQlet 999 FAHf/PEEKE A AT AlsH& B2}
374 440] LI B G4 EA L Fig. 5(b)
UhEfi it ole} ol AT 1A ele] Coatl AukE
Az vlwsty] 9Jol Image] =09 ]850 A
S5} ojolo] mH R8-S ABSCh AR} gole P
517 9J3F AAZES 0.15655 AAEI.0m, 40 wt.%, 50 wt.%
4 60 wi% 2710 FAsHA| 2gatsch

o BA2 Fig. 60 LEFH Nikon jit-&] DS-Fi3/Eclipse
LV 150 33+ u| A4S AFE-519 o, ASTM E2015 +22
wETH30]. T #HES 913l Ag/PEEK d&2 2-8-5to]
ST 24 /PEEK WEE Auela 1 oug B
Aeheie. ot en] A4S o] foto] Qe Mg kel ofn]

X2 upeto 2 Ag/PEEK W21} §-2)4].9/PEEK] AW 2
o, Ag o) RE, 7128 BAslo] FESH AS %
Asteict

o&i

3.5 MEtdx "ot
A=A AAE AgPEEKZ A=l AL GE 3
7Fs7] §1stel $1t AR E ART HA Y AYE
Al

A& A5 Ag/PEEK é%% /\%JHE 283t ‘ﬁ‘
2] d-/PEEK ot Al o] g s FAE
7¥st7] Sl 71€ =8 578 W ol 2 %Elt u&
AATE Ql 2E A=A Hi A E AATE = A8 7 A
e 7|ET o2 7 BEsHRaL, 2 2200 A 571 €] Al
"ol tisf Alde s3skit. S3 A e Alda v
A ADHE AF ol ARERE A 9] /42 Fig. 701 UE



Evaluation of the Performance of Joint Structures in Non-conductive Thermoplastic Composites Bonded... 397

a)
12 mm
4
; mm] ——

b)

101.6 mm 25.4 mm
25.4 mny' pr—

A——

25.4 mm 1 mm

Fig. 7. Geometry of specimen for a) interlaminar shear strength,
and b) single-lap shear strength
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Fig. 8. Test setup for a) interlaminar shear strength and b) single
lap shear strength
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Table 2. Electrical conductivity of Ag/PEEK film

Area Electrical conductivity (S/m)

40 wt.% 50 wt.% 60 wt.%

#1 31,825 40,610 47,302
#2 32,760 39,520 53,891
#3 31,010 42,345 49,674
#4 33,995 44,618 45,978
#5 31,780 43,861 54,403
#6 32,515 42,230 46,120
#7 31,450 42,048 52,309
#8 33,125 41,010 50,782
#9 31,984 39,690 54,996
Average 32,272 41,770 50,606
Error 5.33% 7.1% 9.14%
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Fig. 10. Heating behavior of Ag/PEEK film
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