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KR« BxeTHE; REEBAE (PEEK); R-AA0EL; B (EMISE); St J15hae

& 43S TB332; V261.97 XEARER: A NEHS: 1000-3851(2022)07-3251-11

Effect of carbon nanotube reinforcement on the mechanical and EMI shielding properties
of CF/PEEK composites
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Abstract: In order to prepare a high temperature resistant thermoplastic composite material with integrated struc-
ture and function, which has excellent mechanical properties and electromagnetic interference shielding effective-
ness at the same time, the mechanical properties, electrical conductivity and electromagnetic interference shield-
ing effectiveness (EMI SE) of continuous carbon fiber reinforced polyether ether ketone composites (CF-
CNT/PEEK) with different components of carbon nanotubes (CNT) were studied. The mechanical properties, inter-
face morphology and shielding effectiveness of SCF-SCNT/PEEK laminates prepared with CNT modified PEEK siz-
ing agent (SCNT) as conductive fillers were investigated, and the effect of the CNT (ACNT) without surface modifica-
tion and only activation comparative experiment were compared. The results show that an appropriate amount of
CNT will improve the mechanical properties, electrical conductivity and shielding effectiveness of the CF/PEEK

laminate. SCNT is easier to uniformly disperse in PEEK than ACNT, and has a better combination with SCF and
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PEEK. In all samples, the tensile strength of SCF-SCNT/PEEK laminates with only 1wt%SCNT increased by 20.8% to
778 MPa compared with laminates without CNTs. Bending strength is increased by 25.9% to 1 684 MPa. The con-

ductivity is increased by 5 times, reaching 0.15 S/cm. The electromagnetic interference shielding efficiency is in-

creased by 69.76%, with an average value of 34.97 dB.

Keywords: carbon fiber; polyether ether ketone (PEEK); composite material; electromagnetic interference

shielding effectiveness (EMI SE); interface modification; mechanical property
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BT HE R IRTR, 5] A& =R CNT, A5
TE A5 LG 5 WM R Y [R] o 254 IR 5 A2 G R
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R it 8 kot AL e e DY REE S CR
F1HAH ELAE AR PR A AR T S S, 7EAZ F 4
TiE, w5 kA Z Ry R

A S I 45 T CNT M 2% Fl CF 234t )
W49k PEEK P & AR, SR —FhmT Tl
Fh il 5 e LA S 1 24 Pk 6 Al EMITSE A9 T =5 IR B 0
R A MBS T2 % — F35
X} CF Al CNT [ B E A7 R AL #E, DIHAE CNT .
CF 5 PEEK 2 [u] i 5L 1 AH B AE A, DA 43 531 3 B
CNT [ R 1 CF 53R Mkl . BF9E T CNT & &
TR SRL TG A 1 o b 25 5 M B Y S

1 WM ERFE
1.1 JE##

W4 K45 (CNT), XFM19, B3 5L5EF 94Kk #
BIRHE AT RRA A MR 4EZU8) (T300 3K 5 ML),
H A ZR il (Toray) 23 H) 5 2R [k ik B 4 K (PEEK),
HRE RS TR R AR AR, SRR
DAD-2, FiTT& R BEAE 58 s WRGEIR . Wk AH
fR . OKIGER . NER ., —H LK (DMSO)., £ .
AR HR AR . AR, EAE R b
HIRAF; KETFK
1.2 XBNBE5EE

AR RN ERE, AW, Wik (L) EY
B AR ; BREEHL, PDM-DECO-V2L, Kb
R A ik & AR A 0.5MN H %5 #UE AL,
FCC-D500x500x1/ZK, FL 241 BRI A FRA A .
1.3 L EEEEEEER (SPEEK) R H F R FIp# &

T 500 mL (1) = &) o A 300 mL ¥ fi iz ,
I LB E E T 50°C A H . FREL 15 g AT
HET 19 PEEK By oK, FH H 20y 40 25 100 18 3 48 P 34
L2 A PEEK ¥ A, LAB 1E PEEK B3 A M A 32 Bk
S8 PEEK M K I . &% m5¢ PEEK ¥y K )5, 4%
L 30 390 $F 2% 19 5 3 45 = EI) 400 r/min,  FF 22 N
35h, RMNAHE, KinmEEEAKKT, &
H12h, A EE FRKEEREK= Y E KRR
ok, T S B AS B 6 AL 3R B kR (SPEEK).
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Hr, 53] SPEEK 3¢5,
1.4 BUBAKRENH &

Pl V(H,S0,) : V(HNO)=3 : 1 ¥ ] ] 2 i 48
B 1500 mL ¥ £ B2 F1 500 mL ¥k A R, PR F
65°C K. I FES 2P sE, %18
JIMA 10g CNT. #F£2) i 3h 5, K RwH L ® 7
KRR 2 pHH N 2-3, JFREDZE . o HKE
IS, FaHT, SRR IKE (Acidified-
CNT, ACNT),

1.5 SCF-CNT/PEEK E & i B0 #l &

K % i % AL % SCE-CNT/PEEK JZ & % «
W Wi £F 4 214 (CF) i 78 70°C K I Jim 34 1) 75 i
RN 10h, DL Bk CF 21 AR A RE, 45
W BB FKFT VS CRIE M T [RIFPE K R
iR LA mCK RIR) © V(ZB)=1.5 : 100 i LL 1A T &
mErh, JF RE RS o B e o A, s
il B 0 K QR VR 9 3 R 3K 1 CF, JH R] AN 1 3

3 CF, i H IG5 vEiHE T )5 15 275 1L CF,
R A ACF. fiJi HI 1.3 717 o il % 4 1) SPEEK I 3¢
#4392 i ACNT 5 ACF, Jf FH iR 4R % #5 R ¥
24h, i SPEEK L F 4 #85). LREHE R
T35 SCNT 5 SCF., %3 1 fid )y, FAFFE
JiiEk 25g, LA SCNT i fdi G4 R it it 1) 43 0k
1wt%. 3wt%. 5wt%, Z3lFRHL SCNT 5 PEEK #iK,
fi il B SCF-1wt%SCNT/PEEK, SCF-3wt%SCNT/
PEEK. SCF-5wt%SCNT/PEEK 1A% ; 74Nl ACNT
T f 7R R T 2 B owt% . 1wit% AR L
ACNT 5 PEEK #K, Hciil i SCF-0wt% ACNT/PEEK
H1 SCF-1wt%ACNT/PEEK £ % .

W B CNT #) K 5 PEEK 773 BRJE 24 h IR &
¥ioyfa, mBEE 1y AR, Hh SCF#% M
0°/90°%H )2 o T J& Je i e il R ML eh L A0 T
395°C, ik J1 0.7 MPa, #4E+F 10 min; T Al 8 &
77 0.8 MPa, #Zi4F 5 min; WA K J) 1 MPa, 4E+F

£ 1 F[E4A% SCF-CNT/PEEK EAHRHEMHRE

Table 1 The mass of raw materials in SCF-CNT/PEEK laminates with different components

No. Sample Mass of SCNT/g Mass of ACNT/g Mass of PEEK/g
1 SCF-0wt%ACNT/PEEK 0 0 25.00
2 SCF-1wt%ACNT/PEEK 0 0.25 24.75
3 SCF-1wt%SCNT/PEEK 0.25 0 24.75
4 SCF-3wt%SCNT/PEEK 0.75 0 24.25
5 SCF-5wt%SCNT/PEEK 1.25 0 23.75

Notes: PEEK—Poly(ether-ether-ketone); SCF—Sized carbon fiber; SCNT—Sized carbon nanotube; ACNT—Activated carbon nanotube.

ACNT
SPEEK
Drying Drying
‘ PEEK
CF
Desizing Sizing
Stirri . Molding
i 1rring Washing . DMSO,
SPEEK Laminate
PEEK
H = +PEEK  _ ’ SCF
|._ J Drying Drying '."-;' s,
CNT Activated Sizing SCNT

Ball milling

CF—Carbon fiber; PEEK—Poly(ether-ether-ketone); CNT—Carbon nanotube; DMSO— Dimethyl sulfoxide; SPEEK—Sulfonated poly(ether-ether-
ketone); SCF—Sized carbon fiber; SCNT—Sized carbon nanotube

1 SCE-SCNT/PEEK J2A Hbi kAL i 14
Fig.1 Schematic diagram for process of SCF-SCNT/PEEK Laminates
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20 min B T2 4R B, fREFFARBHEE
6 J5 A, 758 3] SCE-SCNT/PEEK 5 SCF-ACNT/
PEEK Wi flJZ2 54k, HIEE 28 1 mm. #% M CNT
i RN, g, FEILER 1.
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K X S 6 T RE 1 1Y (32 [F Thermo Scien-
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X M #CHE 43 AL (75 B NETZSCH A ]
TG209F1 Libra) > Il i ACNT 2 1 2 %& 19 & & L)
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b2 HAE

K H ML 4% i 7 RE R B AL (b T
ETM 105D), {X#E ASTM D3039 $ir i il iz 47 1 2,
Fir s 3t 4 % Sk 2.0 mm/min, B 4% 9 3 45 SRS
W s R o AR HE ASTM D790 25 i U 3l A5 i =), 45
i 19 3 O 1.1 mm/min. K LT AR E

o7 Ao 5 5 5 25 e
T, =t 3)
STA
_ 3F¢D
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AR R 177 (mm?),

K % & M 2% 53 Hr AL (% [ Rohde&Schwarz
23 ), ZNB20) Wi 2 A A EMI SE, 4 8k U0 4
i) 22.86 mmx10.16 mm AYFE SR, T4 4T BE 5 2% A
IXFR I e B, SRS A O B ——X
I B (8.2~12.4 GHz) M KE & -
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30mm R BB, 7ERFEE L GCAL L 43 3145 FH 800 CW
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FTEE Vh D65, T H & A BB a5 .

KBTI i (35 Keysight /A7), 34461A),
A ASTM D257 F BE I3 A o = IR 42 5 4 )2
G, FER DI R E AR A R A
TR AR, T DU R 2 A i A
FRUHL BT,

2 #RE5TR
2.1 SPEEK HJR1E

2}y SPEEK ) FTIR &4 5 fiff £k B ) 3 1]
ATLLVR B, PEEK 434544 05 5 AL 5 ) L A 1y
) C—C #E7E 1490 cm™ &b, {HJ2& i 0% b 521 1)
KA, BERREEHBACT R EC—H P H, {f
5 A 1490 cm™ 4b A9 BRI 43 24 B 1 491 em™! Al
1472cm™ WM, SULFEEE, 5 PEEK #HEL, SPEEK
FE1012cm™ 11079 e A0 3 T3 B TR iR 2L
VAT 1) 6F o R AN XoF o 7 4o 41 301 79 7 1 3BT 1) AR A 0
f Al RIER , PEEK J03h & A4 T R AL S0

72 2 %F AT Ak SN 3.5 h S 19 2 R
SPEEK M B fb FE I i . il EHE ZKER)E,
5% SPEEK Ry {b FE 24 7.8%.
2.2 ACNT 5 SCNT W3R 1iE

30 CNT RRALHT G R MK OTR 5% LR
T, DR, ZWA M) 1 ACNT £ M
WEICR SR B, B, #F—20 H XPS Xt
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Fig.2 FTIR spectras of SPEEK and PEEK

FRAL RIS 09 CNT #4704, S5 RN 3 B s o X

32 SPEEK B EBHEEENELR
Table 2 Sulfonation degree of SPEEK measured by acid-
base titration

No. 1 2 3 4 5

Sulfonation degree/% 79 76 78 7.7 75

%3 CNTBBIERECE 0 THEMEFHLSH

Table 3 Relative atomic fractions of C and O elements on
the surface of CNT before and after acidification

Name C/at% O/at% o/C
CNT 98.82 1.18 0.012
ACNT 86.32 13.68 0.158

Notes: O/C—Relative atomic fractions of C is divided by the
relative atomic fractions of O.

T C&R, WK 3(a) 5 3(b) Frn, MALHT CNT %
M EEE C—CH M C—O0 8, C=08# LT AFF

(a) C of CNT (b) C of ACNT
From Atom./% From Atom./%
Total Cls sp? 84.61 Total Cls sp? 59.68
— — Clssp? c-C 11.82 — — Clssp? c-C 20.12
c—C Cc-0 3.57 c-C Cc-0 5.87
o . _cCoO C=0 14.32
Baseline -0
Baseline

290 285 290
Binding energy/eV Binding energy/eV
(c) O of CNT Total (d) O of ACNT Total
From Atom./% — — C-O From Atom./% — — C-0
Cc-0 79.61 C=0 Cc-0 48.34 C=0
Cc=0 20.39 C=0 51.66 .
Baseline

Baseline

Binding energy/eV

530 535
Binding energy/eV

%3 CNT il ACNT (%) XPS [&lil

Fig.3 XPS patterns of CNT and ACNT
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£, MfRfL)5 ACNT R C=0¥%, Faygin
F 14.32%. 53 4b, HIC R # XPS 43 Hr Bl (K 3(c)
Fs(d) A RIS, C=0 & & M 20.39% 34
£ % 51.66%.

M ACNT 3 I (1 #2 JE 7 = W B 25 5 i 25
IM CNT A 25w, Ao kAR Mks24k,
J i AR /N, DR A R FAER 43 B 1 R AE CNT 4
RA WAL G 2R IL W EECR, 45 R WE 4(a)
JiiR o BRFIEAE 650°C B4R, PH ] WL ACNT
R 2R 16%.

(2

100 r

95 r

Mass/%

90

gaf

80

0 100 200 300 400 500 600 700 800 900

Temperature/ 'C

100

(b)

95 ¢

Mass/%

I

90
89.6

85

0 100 200 300 400 500
Temperature/ 'C
€4 ACNT (a) P} ACNT 5 SCNT ¥k4 (b) AYFAHE SMHT 2%
Fig.4 TGA curves of ACNT (a) and ACNT with SCNT (b)
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A2, Mrpal L, SCNT 7 Aij 1 — B i
] 73 fiff 2R 2 L6 ACNT HEPR, X& i T 3 AFAE
¥ B4 i 0 [R] I, SCNT 26 M 49 SPEEK 3¢ B} 1, 78
Syt . B HL 395°C I Y i A e 2 22 4E N
SCNT 7% 3| ik 395°C I 461 2% ) SPEEK |- 3¢ 5| 11 &
R 1.5% & SCNT 2 1 1Y) SPEEK 43 fiff (1) i & 11 40 Fb o
2.3 SPEEK 5 ACNT W1 B £

CNT fESLIRGRAENG , RIS HEA— &t

BYFR I, T+ SPEEK 5 CNT 51 = 8] (4 T A
J1o &Rtk pifs, TSI A TERIE A, SPEEK
NP5 PEEK — FRTH i i, DS ok ) B A i 0 o 4
Brik, M 50C FHREF 395C, f£FF 1h 5 H IR
3 800°C, AR LA R AL AU B A IR EE AR AL, DL B R
SPEEK 7£ i iR B 395°C T A9 /i1 il . MIA] 5(a)
Al W, SPEEK 7E 395°C It £ 43 fi# 19.5%.
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Fig.5 TGA spectra of SPEEK (a) and FTIR spectra of ACNT and SCNT (b)

454 2.2 vh SPEEK 1E 395°C ik 1 o B 4048
Al DL 545 #] SCNT 2 1fi (19 SPEEK I+ 2% &t 29 4
7.7%.

[ 5(b) 4 ACNT 5 SCNT W 4MGiGK . T
ACNT % Jii B3R 5£ 5 SPEEK H %) it iR it [ 1K 1 1
APl S, 15 SCNT H # 3 v %) ¥ 3 1 ) <
Frm%sh T 10cm™, H7E1081cm™ fl1059cm™
Ab BT R R AT Y SR BN . UL AT UL, SCNT
1) R T i 52 7775 & SPEEK,
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2.4 SCF-CNT/PEEK E&WM AZE MRS FREHIR

<l 6 }y SCE-CNT/PEEK JZ & Ht i J1 2% Pk fig .
M E AT, Bl SCNT ZE(R R & &£, SCF-
SCNT/PEEK (i fE . S s it DL S 25 il P fE
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Fig.6 Mechanical properties of SCF-CNT/PEEK laminates with different
CNT contents
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&7 A CNT 4532 Hepihbr 25 B SEM 812 : (a) SCF-0wt%ACNT/PEEK; (b) SCF-1wt%ACNT/PEEK; (c) SCE-1wt%SCNT/PEEK;
(d) SCF-3wt%SCNT/PEEK; (e) SCF-5wt%SCNT/PEEK
Fig.7 SEM images of the laminates with different contents of CNT: (a) SCF-0wt%ACNT/PEEK; (b) SCF-1wt%ACNT/PEEK; (c) SCF-1wt%SCNT/PEEK; (d)
SCF-3wt%SCNT/PEEK; (e) SCF-5wt%SCNT/PEEK
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(d) SCF-3wt%SCNT/PEEK; (e) SCF-5wt%SCNT/PEEK
Fig.8 Metallurgical microscope images of the laminates with different contents of CNT: (a) SCF-0wt% ACNT/PEEK; (b) SCF-1wt%ACNT/PEEK;
(c) SCF-1wt%SCNT/PEEK; (d) SCF-3wt%SCNT/PEEK; () SCF-5wt%SCNT/PEEK
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Fig.9 FESEM images of different parts of SCF-SCNT/PEEK: SCNT around the SCF ((a), (b)); SCNT agglomerates within the PEEK ((c), (d) )
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Fig. 10 (a) Total shielding effectiveness (Ery,) spectra of the laminates
with different contents of CNT; (b) Reflected (R), transmitted (7),
absorbed (A) index and the component of the electromagnetic

interference shielding effectiveness (EMI SE) of SCF-1wt% SCNT/PEEK
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