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Impact of raster angle on mechanical and surface properties of FDM carbon fiber reinforced
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Abstract : Carbon fiber reinforced polyether ether ketone (PEEK) composite specimens were fabricated using fused deposition
modeling (FDM) technology to investigate the effects of raster angles on the mechanical properties, failure modes, and surface char-
acteristics of the specimens. The results indicate that raster angles significantly affect the mechanical properties of the specimens: 0°
-printed specimen exhibits the highest tensile and flexural strengths of 126.15 MPa+4.03 MPa and 176.70 MPa +3.98 MPa, respec-
tively, while £30°-printed specimen shows the greatest shear strength of 64.60 MPa based on the average shear strength. In terms of
failure modes, 0°-printed tensile specimen primarily exhibits intralaminar failure with fracture section of fiber pull-out morphology,
while 90°-printed tensile specimen shows interlaminar failure with fracture section of microcracking in PEEK matrix. The flexural
failure mode of the specimens is that the transverse crack generated on the lower surface gradually extends to the upper surface. For
shear specimens, the failure mode is characterized by crack initiation and propagation along the raster direction until complete frac-
ture. Raster angles show no significant impacts on surface roughness, wettability or hardness, the polished specimens achieve
surface roughness of 0.22—0.28 wm, meeting stringent requirements for orthopedic implants. Additionally, the specimen surfaces
demonstrates hydrophilic behavior (contact angle of 78.20°—82.72°) and high hardness (Shore D hardness of 72.20—75.70), indicat-
ing potential applicability in artificial joint prosthesis design.
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cal property ; failure mode ; surface characteristic

EEWH : BRIVAAHET TR H (237K0348)

BIEEE : E e, Wk, BIEE, 255 10 W 27 SRR 15 FH SR (¥ v

WFs B 2025-02-13

SIRHES: U, MR 5K 28 A5 FTEN A BEXT FDM BRET 4E S8 50 SR kAR )~k RE MR EIPERE R R [J]. TARBRLIT, 2025, 53(3): 104-111.
XIN Hua, CHEN Qiqi, ZHANG Tai, et al. Impact of raster angle on mechanical and surface properties of FDM carbon fiber reinforced poly-
ether ether ketone[J]. Engineering Plastics Application,2025,53(3):104-111.



U, S T ED A X FDM BRET A 14 SR AR ) 27 LR B R ik RE R 105

Tl Tk 21 4 3 i 2R ok Tk 75 (PEEK) (CF/PEEK) &
BB S 10 J1 24 e RE R AR A 254k R R A
AN T BN IMA B AR R Tz R
PEEK A —Fff- 28 B vk R &4, Hgh A7 M (45
i R SRR AR A K A A 5 IRE Y
BB BREFHERG R A 1) 5] ASRHE T 5 210 i
Wi s, A B T4 CF/PEEK & ARk 4k s i Fn sk
s B, BT 1= e, F9Y A3, CF/PEEK &
G MR EAR T 2R RERR S AR AR S (L R A%
FHSCH, 7 4 5 SRR AL 45 5 o B B0 2,

I AF Sk B 4G 3D T BB R 1Y 98 C Ak i, CF/
PEEK & G4 &L 4 i TR B (FDM) B AR K 5 | T
NEFH T, T FDM R A )2 EHES
FTERRRE , B 1 2A e 2 2 RN 2 255 1105
M, AFSE 2RI, @ R TER S8, UHR IR E Y,
A DL 30 32 R R 0 25 0 S O R B Y,
Wang 25 5% & BUAE 155 T BRI Sk L RE (4n M 400 °C
T+ 2 440 °C)REB £ i AR Y H SR B2 . El Magri
SRS R IV 19 T BRI EE A B 7B 14T B
A . AN, KRR 2T Gk HEA T A S B AT L
W TR B AT 4t 5 PEEK JEAA B FE IR 45 5 0 B i i
LI AT LS TH R S R Z A AR

25 Lk, A BT EESCHEITEN T 2 35U
b, DhIE R PR F 0 L B 45 S AT o0 R o AR A A
PEfiE. %1% FDM CF/PEEK & & A1 RHY 1125 2 50t
FEARXTIEE = | #0547 BB A R LA 19 2 250 5 I A
Ko X—IELE AT FDM 4 AR 1E CF/PEEK &£
HAEHBAR P IR o A AR AR R S &
T AR 122 v fe by SR A SR T Mg .
PR T BB R A 45 B AR i A AR 2 21 2 2 oy A e
FEATAE G . 3 R AR R AR R i RE L 0T
DI 2 B TR I AR A8 2R 30, 0 DR B A B
T N PERTE A A At Rt , 284 LI FDM Al
#1%) CF/PEEK & & MBME MBS0 G2, R 58 H 12
PERE R S R ERE . S FEA, RIS TR
MIFTERFABE , S BT T ED T2 250000 1 2= M fig LR AL
i 5 R PEREAY 2, 9] 225 FDM CF/PEEK &
A EHTEN T 228 Ae S HEhe A4, IF ik
PRV N B S S
1 SEIERS
1.1 E&RAMH

CF/PEEK & & #1 ¥} 4T EJ 22 #f : TECAPEEK

CF30, B 21 4 5 i 43 50N 30%, % 1 4 1.38 g/em’,
HA N 1.75 mm=0.05 mm, _EWERERME AT,
1.2 EBMELEEL

FDM 1T EI#]L. : P220, #[¥] Apium Additive Tech-
nologies GmbH /A Fl ;

% 77 1B #IL « Instron 8801, 2k [F] 37 K B[ %%
A BRI

14 HL ¥ 10 BB (SEM) : Verios 460, 3 [ 28 Bk
KRB A F]

ABECHEEE{Y . LXD-D, FIEE AL ER A7 5

AR S . DSX510S, H A OLYMPUS 24 ;

% fih £ 1Y < Oca20), 7% [5] DataPhysics Instru-
ments /A H) .

1.3 H4H44&

FEE S ZE 53 by 3 2 R AR 2 0 2 i
WAL W, 2438 528 FDM T ERHLI 4%, BARFTED
SN ATER Sy 30 mm/s B4 B 724 0.4 mm
FIED I BE 2 485 °C IR JZ I R 100 °C 2R R
0.1 mm JHFEZH 100%.

HRAEISO 178:2010, 25 i REMAEA: (25 ith A
) /g R S 2 80 mmx10 mmx4 mm; #R & ASTM
D5379/D5379M - 12, 55 U114 e il iR 14 (B VIR )
i RS 2 80 mmx20 mmx4 mm; R #E ISO 527-2:
2012, F37 P BRI A (L RE 1) 12 4% 1BA B3
FELRREE K S 30 mm, R 5P 5 90 mmx10 mmx
4 mm, FrAFEEEERSHOE PR,

30
I 4
U |:|
—/—L
1 58 1
90

(a) Tensile specimen
90°

-
—
=

(b) Shear specimen
80 4

(=
—

A

20

(c) Three-point flexural specimen
1 e PR R 7R B (B3 : mm)
Fig. 1 Schematic diagram of mechanical properties testing specimens

(unit: mm)

FTER AR N JEATEN S 7 J5 N BRI 78 1 7 =X
6 TEXY FIATE 3 25052, Bl 5 #6147 N #8 100%
WA, TEARWEIE TR BE 0° 4RI X7 [ (UK
SE7 1)) BEARTT BN 4T BN A B 90° R 7n i Y 7 [ (2



106 AR

2025 4E, %5 53 4,45 3 1

BT D) EEARTTER . XN R 44 7 XA CF/PEEK-
0° 1 CF/PEEK-90° ; #H Bl Hh , T B[ A B R+30°(JF 2k
fAT PR R 30°) Fll+45° (J LE fRi Bk R 45°) R RE (a4 0
CF/PEEK-30° il CF/PEEK-45° . L) B YIRE: Jy 441,
FTENEAR NI 2 B .

2 ST TEN AR R R
Fig.2 Printing path schematic diagram of shear specimen
FIPEREM AR SRR A TEN T 25 o
PEREMHARECARML . BRI RS @35 mmx4 mm,

el 3 iz

o
Iy

3 BEREPFECAL :mm)
Fig. 3 Disc specimen (unit: mm)

1.4 MX5 ke
141 FFHaE R

BRI TED AA BE AREA 20 5 A 6 AT
it R S5 R g AT RE A R A T R A | — 25
BBy UIA , BARSAF AT

PRI  #2 B 1SO 527-2:2012 $H TR, iK1
W E K 1 mm/min, B SRS,

=5 R S - FR R ISO 178:2010 HEA TR 5,
TS E O 1 mm/min,

BG4 1B ASTM-D5379M — 12 BEF 7156,
TNz B R 2 mm/min, BB RS

BRI L, RS | BRI F I 22 i Ry A7 -1
AR e, JF BB XTS5 R p E, 0 kKT H
0.05, MEFE—2E4347

1.4.2 W W0 0 &

{1 FH SEM X Wi 24 RE 4 ) i A TURER , 25 ik
5 N J7- 1 AR KA , 53 HT FDM CF/PEEK & & 4 BH
PR AR
143 FuAlfENE

SR FH S5 TR S (s, A 69 AR I A e Sk 2R A
WS BERE R 3R AT, P-U) 3 2 700 £5 5 45 B Sk Ui 4R
399 wmx399 wm XY R RS . RURE R K
JEERE0.08 mm. FEMLIERL 10 4~ 05, 538 3%
FERE B 0 P Y (bR 25
144 REEEINE

SR PR ECARE 38 4SCAE S 1 3R 1w L BEAILIE $% 10
AN A BRI TR I D R I
FRifE2
145 EmANE

il PRl A I B, R IR T, DR B TR A
Jo o AR S R At A, BREALIZE R 100 05
2 #ERE5ite
2.1 B AFRAES T

&1 4 3 AN[R14T BN FA B FDM CF/PEEK & & 41 %}
FEA (R TR 5255 i - 07 A R, P S S pR R -
735 1 R R A A e R A5 i B G PR v I
H p AE, UEBH P ALEE 2 [R1% p 16/ T 0.05, F B 3
PSS N AR R R, AR [T ED £
() CF/PEEK & & b BHEE A4 R 8L T AHARL AR 0L g - AR
2R, (ER BR N o e B 2 22 52 (U 4a TR o
500 b, CF/PEEK-0° & /i HH f 5 A9 7 i 56
(126.15 MPa+4.03 MPa), T E[1 ff Ji X 25 iy 4 6ig 1)
S2I SRR, CF/PEEK-0° fi4 25 i 3 B iy, >
176.70 MPa+3.98 MPa. FIr 47 FE 14 1) 07 1 16 ik 2 B
KAB S5 P A PR, X — 25 L 5 B SOk g AR
—3 . Gao FF" R IAIFIFT B A B X 4l PEEK 7
fHURIES [T R 0452 it A7 A B i 22 55 o 00
] R MR, 9007 [ e 2, iX A H MR 4 2R — 3K
AV (2, BRET 4E (RN A .25 48 7+ T PEEK A4 7 {
588 (3 1N 30%~50%) FI125 1 58 B2 (35 11 18%~55%) ,
X —HER LG 5 O & R SUBR A IR 45 31 A
IR, 5 73 5 %L A9 CE/PEEK 52 & 4 RHCH A i i
JE 242k 190 MPa) Al Eb , 3 1 FDM £ A il i (1) CF/
PEEK & & A4 #} 1 de Rir A B Ak 1T 34 114 66%.
CRPRL ARG B R [ EEOE T T 3D AT R R )=
B 25 & e 25 AR LB R T R S R



U, S T ED A X FDM BRET A 14 SR AR ) 27 LR B R ik RE R 107

150 -

—— CF/PEEK-0°

—— CF/PEEK-30°

—— CF/PEEK-45°
8 —— CF/PEEK-90°
g 100
177}
g
o
% 50 +
=~

0 5 10 15 20
Tensile strain/%
(a) Tensile test
2501 CF/PEEK-0°
—— CF/PEEK-30°
200 — CF/PEEK-45°
£ —— CF/PEEK-90°
=
2 150 +
£
1]
E 100}
=
8
= s0)
0 1 2 3 4 5

Flexural strain/%
(b) Flexural test

4 RIFHTENSf ) FDM CF/PEEK & AbH L IR RS il i
pABE I
Fig. 4 Tensile and flexural stress-strain curves for FDM CF/PEEK
composite specimens with varied raster angles

160 -

140+ 126.15
p 0.07

—_

%]

(=}
T

106.27

30

Raster angle/(")

Tensile strength/MPa
O N =)
S & & & &

(=]

(a) Tensile strength

200017670
180F 170.52

160.57
160
120

30 45 90
Raster angle/(°)
(b) Flexural strength

100 -
F5 REFTENfA)E FDM CF/PEEK &2 AR RHECE A RL A2 il 3 i

80
60
Fig. 5 Tensile and flexural strengths of FDM CF/PEEK composite

401
201

Flexural strength/MPa

specimens with varied raster angles

FTEN A EEXT T FDM il %5 1) CF/PEEK & & #1 F
ﬁ%ﬁlﬁﬂﬁﬁfﬂmJI_%i/ﬁ?ﬁ{fF SRR — Pk X
S KL R PR AT RE A 1) 7 25 M BB 20 Bk 22 7 [
(L5 A AR 1) R AR5 B AN AN IR T FRAR 22 47 () 58k
B, T 22 [ 25 A5 . IR 2R R
M5, FTER A 5 4807 1] () — SCHE X RR R ) 24 1
AE7AE T AR . AT EN A 0oR  FTER %A%
Sy m—3, 226 A 5 S 20 58 AL
FEAERT A RS il R B R o A, A 90° T BN A &
T H Ty AT B RS AR L, AR R A R
O D e S e R v TN RN I & W e
Hbiﬁfﬂf&

&l 6 S A[EFT Bl £ B FDM CF/PEEK & & 44 %}
FEAR R 5 YR -1 A8 iR BY YR B . #h 5] 6a A]
DIE G A AR BT DI ) Bl 5 117 A () 14 R
HER, B JS PE A2 B B AR RS, - S By
BRI ASBYEIEAS . LLIE 6b 19 55 D) 5% 5 -
Y08 Ry B, W) CF/PEEK-30° it 8 U] 3 B f K, Ky
64.60 MPa; CF/PEEK-90° /1% 55 U5 & /)N, 24 51.90
MPa. A3 T 3D 4T E Y4l PEEK "™, i 21 45 (4 i A
AR B B L5 K 11%~21% , (E48 IR 50 AR

100r ___ cp/pEEK-0°
— CF/PEEK-30°
— CF/PEEK-45°

| CF/PEEK-90°

Shear stress/MPa
W ~
S v

[N}
w

0 0.02 0.04 0.06 0.08
Shear strain

(a) Shear stress-strain curves

120 p=0.684

L0l | p 0417
<
o

[ 6460

5 5507 o
%‘3 60l 3634 51.90
g 40f
=
w1

201

0

Raster angle/( )
(b) Shear strength

K6 ANFEFTENAE FDM CF/PEEK & A bRHRE (R 85 B R -1 78
IR ATy U5
Fig. 6  Shear stress-strain curves and shear strength of FDM CF/PEEK

composite specimens with varied raster angles



108 AR

2025 4E, %5 53 4,45 3 1

Qe A SR A B S, X T B D)
FEEH LM RIS 18 7E FDM s A, fCKR
TR 2 2k Bl 07 fl 2 PEEK 3 2l , PRIMLAR BT VIR0 , S il
A PN BE (EN T BN IS Sk ) Y 27 4k 2 it T BN 5 1) 5 [ HE
G|, B AT 2 i B iR sk SR S EAREAE $T ED 7 (] T 3
BT I B R AR 5 (W 2 M -2 M 2 B D™, T
S, L3E A UGS DL R AT ER SR AR T2 ) 45
A1, T B ISR
2.2 B R BB 5T

R T RS FTEN £ X FDM CF/PEEK &
B RME R SR OEC  5  , AE PL AR G 58 B X
PR A TR RIS AT, AL 7 B o

00KV | SEM MAG: 100

(a) CF/PEEK-0°

(b) CF/PEEK-30°

sssssssss

Layer boundary

(c) CF/PEEK-45° (d) CF/PEEK-90°
[¥17 R[R)4TERFA EE FDM CF/PEEK % 4 b BHRE A (1L i i
Fig. 7 Tensile fracture sections of FDM CF/PEEK composite

specimens with varied raster angles

i 18 7 F i, CF/PEEK-0° W 1 45 Ay &2 4R, JC B
WZ5ZEZ B, i CF/PEEK-90° /) Wi 24 1h]
B AT DU BB R 2 R B XA,
TR 2 far 5 ] 5 2 MATER T 1 AL R e . Y
WO ] — 8], 22864 232 7, PR A SRR AR | R AR
AR M ) 2 ELA, 2T 35 P T 0 22 )
SEA AR, DA RN

HE— i K CF/PEEK-0° W 1fi (/%] 8a 111K 8b), 1]
VLB B 4k 1 )5 8 T RS MEFL. Bk
(ATl 2T 24 5 75 % — )= PEEK JEAA | Bk £ 4 5 AR 45
AR R T IR RERER . X RO 2T
SRR AR S = BRI 4T 4k 5 PEEK A1) 5
T2, J& T A A A2, BZ N4, Y A A
PG AN s i SR SR 22 8 el ) r
i BRI AR B AR

Carbon fiber:
ol

(a) CF/PEEK-0° (x500) (b) CF/PEEK-0° (x2 000)
. _Carbon fiber

—\

\

\
v

SEM MAG: 500 X

M HV: 10.0 KV veGas TescaMl  SEMHV: 100k | SEI . 1l
(c) CF/PEEK-45° (x500) (d) CF/PEEK-45° (x2 000)

Microcracks ¢

SEM MAG: 500 x SEM MAG: 2,00 kx

i 1000 e 100 (7
(e) CF/PEEK-90° (x500) (f) CE/PEEK-90° (x2 000)
€8  RIFHTENffIE FDM CF/PEEK - AHPEMEC AR
Fig. 8 Tensile failure modes analysis of FDM CF/PEEK composite

specimens with varied raster angles

W&l 8¢ H1 8 ff 7% , CF/PEEK-90° Wt i | JCHH i
2F 4 3 T R TR AL (pore) , 1 WL 2 3] /)N (U147
(void). IXEE/NUIT AT BEIE THER)Z Mg 2 B (RPFT
ENERBE), AERL i R ged™ K. BbAh , PEEK {4
R RSO . i CF/PEEK-90°(1) KL
5 32 Bk 22 b (B 5 5 R B T 2L BV TE) 2R 2K
CF/PEEK-45° A P Fh e S5 X HR A 7E -

MM T 2, 51 % CF/PEEK & & A1 RHH 12,
FDM CF/PEEK & & M BH AR RE 4 -4 & BLRH Sk 1)
GRS RIS , W25 R 2RI
AR S BRYTR, DL PEEK SRR L, 5 E
A SCHRES AR

L2 Ml 1 &, FDM i % ¥ CF/PEEK & &
EBHRE (1 b 3R 101 A2 R 4 2 far , T e 1 A2 Fr A 4%
o, FAR O T e 17 A i W R 0B i ) bR
TR, Qi 9 s . &9 Fh A UK T S 30 A Il A X
SURFAE, 48 DX S5 R S, P X ek

AHAE A 545 i3, By U100 A f R R 1
JZ SR B, BT YIS AR A A e R = ] 10
o HEI10a 75, FEAR A R AL X IR TR V RS



U S5 FTED AR 0] FDM BRET 28 0tk SR MEREER )~ VERE MR T ERE ) 109

(a) Flexural failure modes (b) Flexural fracture section

P19 ANIFFTERSAEE FDM CF/PEEK 2 A RHRE R (10 25 e sk =R
CF/PEEK-45°FEA4 125 i W7 e

Fig. 9 Flexural failure modes of FDM PEEK with varied raster angles

and flexural fracture section of CF/PEEK-45° specimen

" (b) Enlarged views of local
area of CF/PEEK-0°

\(c) Enlarged views of local

A _ - arca of CF/PEEK-30°

(a) Shear failure modes

(d) Enlarged views of local
area of CF/PEEK-45°

FE10  AFFTENFE FDM CF/PEEK & A MRHECF I 35 1) e sietbi =
Fig. 10 Shear failure modes of FDM CF/PEEK composite specimens

with varied raster angles

M 2Z ], CF/PEEK-0°ia IX 3 (] 10b) & A b 2 1Y
FLARIBHILAE . A2 T, CF/PEEK-90° % 4 5%
AW W ST R VLRI, kA, CE/PEEK-
30° 1 CF/PEEK-45°¥4 78 V B 1 4b R B4 i,
HAJreJy ) 54T ER A B2 R BOM [R] (K] 10¢ #1151 10d)
RSN NI TR PR Sl = s B8 S A g L e o
5 k.
2.3 HARER @RS

AR I I 5, 3 Y A 3R TDRLRE 3 % OC R

T R KR B 23 I RAR R4, R BOR R 4
fiﬂo T3k /I O RELRE 2 0] 2 o AV 240 B 285 B2 52 )
Il PRI ANIRIHTEN A & FDM CF/PEEK & & #4
BHEFIE IS i 2 THLRE B — 4B B3 an &l 11

e TAORLRS B AR an i 12 s o BRI S 3R
TR A SR G, AT B AR BE I S M AN I 35, ;%;5%5@
PP RERE FL(S,) R s A8 HR (S, ) 1Y 22 S Y T g it

X (p>0.05,K112), #RHE ASTM F2033-12, ;ﬁéé}%aé
T S (E /N T2 pm, FDM CF/PEEK & & # E}
() S, AT 2RI AE 0.22~0.28 wm 5 B PY , 58 49 LA A
PIRT 2R . AN, AR Y SR TADHDRE B2 A7 Bl T RIS
B A B b B 4L I A A A 5. DI A, S BT
i, RHITE G HEE 2 IV FETE 30, X Bl 2 1H HE
TIEA 1) 20 G B RN B R

(a) CF/PEEK-0°
¥ l | i. 'I. :ri'l

(b) CF/PEEK-30°

(c) CF/PEEK-45°
B 11 ASFEIFTERF B FDM CF/PEEK & & W RHE IG5 22 kRS
JE (1 = 4B
Fig. 11 3D morphology for surface roughness of FDM CF/PEEK

composite specimens with varied raster angles after polishing

>0.05 ES
0.5
0.0
£ 0.5}
=
2 -1.0f
=
on
=
2 -15¢
20F
p>0.05
-25
0 30 45

Raster angle/(°)

P12 AIFFTERSA ) FDM CF/PEEK & A WP EHEE IG5 (19 S, RIS,
Fig. 12§ and S, of FDM CF/PEEK composite specimens with varied

raster angles after polishing

A AT 90° I A4 RHE LR S K M A L, A
Bl 25 50 A R R A e 0 T e B i A
P13 R FHTEN 1 5 FDM CF/PEEK & &4 R
AR A IS OO0, X 7 R B AN 1 14 s . Fh A
13 i, %5 ) FDM CF/PEEK & 45 A1 RHEEF 14
EIFEKME, 5 FDM FTEIR 4 PEEK 2RM™, wiHz
fi 71 BC(E I 5 (&1 14), FT B A JE T 8 3 5% ) (p>
0.05), H & B A 4 51 S 78.20° £4.53° (0° 4T E)Y).,



110 AR

2025 4E, %5 53 4,45 3 1

0° 30° 45°

F13  RIEHTELE FDM CF/PEEK & A RHRE (o i £y 1 150
Fig. 13 Contact angle test conditions of FDM CF/PEEK composite

specimens with varied raster angles

100 - p>0.05
520 82.70 82.72

80 - T L
— T
<
= 60+
=
<
& 400
=]
=}
@]

20+

0
0 30 45
Raster angle/(°)

€14 R[EIFTENSREE FDM CF/PEEK S5 MORHREC: A4 i £ 8L
Fig. 14 Contact angle values of FDM CF/PEEK composite specimens

varied raster angles
82.70°£3.55° (£35° 4T Ell) il 82.72°+£2.71° (+45° 4T
By, S5 CE/PEEK &2 G 41EK(50.70°41.28°)
AHEE , H T FDM B REAE 208 PR 22 | 3R THRE RS 35 1
I, 2l AR R,

T 85 2 Al i AR A N A R AR RE T 45
B, 5504k A S P A ) 45 1 FE 2 DA O, A
(AR 330 B A AT S (R T S P R AN [RFTEN 3
FDM CF/PEEK & & A1 EHEAF 1R EE D fifi £ 4N &1 15
fiis . HE 15% i, 3 FDM CF/PEEK & & #1 Kl
FEAE (AR I D A E 43591 R 72.2040.68, 75.70+1.43
72.50+1.34, 2 R LI L (p>0.05). 5HSAL
AU CF/PEEK & & 1 BHAH L (8B [X D A i 90.6),
FDM FEA R 2 AT LGk 2 A8 B 19 83%., M4 5
HoAh F2= R RE T REAIAL, V945 T FDM T 25 [ N3
BRpE

100 ¢ p>0.05

801 7220 75.70 72.50
2 601
]
=
T 40

20}

0
0 30 45

Raster angle/(°)

K15 AS[FEFTENAE FDM CF/PEEK & &R FAGTRES D fifi i
Fig. 15 Shore D hardness of FDM CF/PEEK composite specimens

with varied raster angles

3 &g

XK FH FDM T 25 il i# 1) CF/PEEK & & M B
Py Re A 2Rk T TS A3 p L I

ik SEM WEEFEAFWTTE I 43 BT T R B R AR, 18R

i PR =R i AN 5 YD A5 A R DA R AR

S RELRE B T ) SR TR PR AL AR

wr.

() 15 e i e WA T BN AR 32 S 2850 e A A
() S124VERE . CE/PEEK-0° Ay fHFNI2S H 58 )3 B 7
23 5135 #] 126.15 MPa+4.03 MPa Hl 176.70 MPa+
3.98 MPa; 1M LA 55 Y15 73418 Ay B4 , CF/PEEK-
30°7F 5 1) i B I rh 2% 90 R0, 5 1) B Ok ]
64.60 MPa.

Q)PP FEAF A W TR S 7R, 0°4 T B AR BE A
PFEE R AR NRA, R IR 4E 5 PEEK FEiA
2 (B ) R THT 45 5 DR 35, T 90°FT B A J3E B R A7 D) LA
JE )23k 3, 20 PEEK KA ] g JT 24, 25 i
FEAF I e 2iss X R B N SR TADE B ) R E0F5
Wi R TR . YIRSk R AN 322y
5 ny g E IR UTATER DT Iy 8, & R e A
Hiﬁ—fﬂl

()F M TERE /T W7, 2 FTED A B 19 FDM CF/
PEEK & & M BHE A 7ERRIC D A BE I 22 800N, i
K290 72.20, FTEEMOGSS AR 3R TEDADRE B2 AT A 3]
0.22~0.28 pum, iifi B AMAAE AP ZER . fra e
(RS 2 fl A7 120/ T 900, R LA R 471 28 K
PR, A R TR P 20 i i G s AL B . Bk R
FTED A B XARE 2 TRDRELAE 82 2 ok oy FRE 32 194 52
NTE N

S & Lk

[1] LAUX C J,HODEL S M, FARSHAD M, et al. Carbon fibre/poly-
ether ether ketone (CF/PEEK) implants in orthopaedic oncology[J].
World Journal of Surgical Oncology, 2018, 16(1). DOI: 10.1186/
$12957-018-1545-9.

[2] HARRIS L. A study of the crystallisation kinetics in PEEK and
PEEK composites[D]. Birmingham , West Midlands , UK: University
of Birmingham, 2011.

[3] QINYIJ,GE G T,YUN J X, et al. Enhanced impregnation behav-
ior and interfacial bonding in CF/PEEK prepreg filaments for 3D
printing application[J]. Journal of Materials Research and Technol-
0gy,2022,20:4 6084 623.

[4] MIRI S, KALMAN J, CANART J P, et al. Tensile and thermal
properties of low-melt poly aryl ether ketone reinforced with

continuous carbon fiber manufactured by robotic 3D printing[J].

The International Journal of Advanced Manufacturing Technology,



U, S T ED A X FDM BRET A 14 SR AR ) 27 LR B R ik RE R

111

(3]

[6]

(7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

2022,122(2):1 041-1 053.
YANG D, CAO Y, ZHANG Z K, et al. Effects of crystallinity
control on mechanical properties of 3D-printed short-carbon-fiber-
reinforced polyether ether ketone composites[J]. Polymer Testing,
2021,97. DOI:10.1016/j.polymertesting.2021.107149.
WANG P, ZOU B, DING S L, et al. Effects of FDM-3D printing
parameters on mechanical properties and microstructure of CF/
PEEK and GF/PEEK [J]. Chinese Journal of Aeronautics, 2021, 34
(9):236-246.
EL MAGRI A, VANAEI S, VAUDREUIL S. An overview on the
influence of process parameters through the characteristic of 3D-
printed PEEK and PEI parts[J]. High Performance Polymers, 2021,
33(8):862-880.
SUN Q L,SHAN Z D, ZHAN L, et al. Warp deformation model of
polyetheretherketone composites reinforced with carbon fibers in
additive manufacturing[J]. Materials Research Express, 2021, 8
(12). DOI:10.1088/2053-1591/abeec8.
GUO J M,ZHUANG H L, LI D F,et al. Synergistic cooperation of
a Magnolol-based waterborne cross-linkable PEEK sizing agent
and click chemistry to construct exceptional solvent-resistance and
interfacial properties of CF/PEEK composites[J]. Progress in
Organic Coatings, 2024, 192. DOI:10.1016/j.porgcoat.2024.108479.
RODZEN K ,HARKIN-JONES E, WEGRZYN M, et al. Improve-
ment of the layer-layer adhesion in FFF 3D printed PEEK/
carbon fibre composites[J]. Composites Part A: Applied Science
and Manufacturing, 2021, 149. DOI: 10.1016/j. compositesa. 2021.
106532.
PORRELLI D, MARDIROSSIAN M, CRAPISI N, et al. Poly-
etheretherketone and titanium surface treatments to modify rough-
ness and wettability—Improvement of bioactivity and antibacterial
properties[J]. Journal of Materials Science & Technology, 2021,
95:213-224.
GAO S S,LIU R J, XIN H, et al. The surface characteristics,
microstructure and mechanical properties of PEEK printed by
fused deposition modeling with different raster angles[J]. Poly-
mers,2021, 14(1). DOI:10.3390/polym14010077.
YANG X R, ZHENG L G, MA H, et al. 3D orthogonal woven
carbon fiber/PEEK composites with superior bending and flame-
retardant properties[J]. Composite Structures, 2023, 324. DOI:
10.1016/j.compstruct.2023.117559.
T Aedk IS M, % . CF/PEEK B &M RHPEBERF K [0]. £F
Hig B FRE, 2020, 37(4):35-38.
WANG Erping, ZHU Shu, TAN Zongshang, et al. Research on
performance of CF/PEEK composite[J]. Fiber Composites, 2020,
37(4):35-38.
HAN X T, YANG D, YANG C C, et al. Carbon fiber reinforced
PEEK composites based on 3D-printing technology for orthopedic

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

and dental applications[J]. Journal of Clinical Medicine, 2019, 8
(2). DOI:10.3390/jcm8020240.

DHAKAL N, ESPEJO C, MORINA A, et al. Tribological perfor-
mance of 3D printed neat and carbon fiber reinforced PEEK
composites[J]. Tribology International, 2024, 193. DOI:10.1016/j.
triboint.2024.109356.

XIN H, LIU R J, ZHANG L, et al. A comparative bio-
tribological study of self-mated PEEK and its composites
under bovine serum lubrication[J]. Biotribology, 2021, 26.
DOI:10.1016/j.biotri.2021.100171.

LI Q S,ZHAO W,LIY X, et al. Flexural properties and fracture
behavior of CF/PEEK in orthogonal building orientation by FDM:
Microstructure and mechanism[J]. Polymers, 2019, 11(4). DOI:
10.3390/polym11040656.

KING J A, TOMASI J M, KLIMEK-MCDONALD D R, et al.
Effects of carbon fillers on the conductivity and tensile properties
of polyetheretherketone composites[J]. Polymer Composites,
2018,39(S2):E807-E816.

ZHANG G,SCHLARB A K. Correlation of the tribological behav-
iors with the mechanical properties of poly-ether-ether-ketones
(PEEKs) with different molecular weights and their fiber filled
composites[J]. Wear,2009,266(1/2):337-344.

YU X, SONG W Z, ZHENG J H, et al. Effects of low-
pressure annealing on the performance of 3D printed CF/
PEEK composites[J]. Chinese Journal of Mechanical Engi-
neering: Additive Manufacturing Frontiers, 2023, 2(2). DOL:
10.1016/j.cjmeam.2023. 100076.

FImdE, G PEEK &4 e B AR A AT 2E fE 1],
bR, 2022(3):35-42.

WANG Yuanyang, SHU Lijun. Research progress on PEEK
composite materials in medical materials field[J]. Advanced Mate-
rials Industry,2022(3):35-42.

HOTCHKISS K M, REDDY G B, HYZY S L, et al. Titanium
surface characteristics, including topography and wettability, alter
macrophage activation[J]. Acta Biomaterialia,2016,31:425-434.
B, AR | SR R R A AT T R RE DTS R R (0] T
Mk, 2024,49(4):32-35.

SUO Han, ZOU Hua. Progress on surface wettability of PEEK
bone implant material[J]. Guangzhou Chemistry, 2024, 49(4):
32-35.

2205 R, TSI, A5 B 2 (0 B 5 I X SR ik ik ) i
2 B WA R JEE 2 S 401 M B A B R [J]. B B 2F 2 4, 2020, 40(2):
240-251.

QIU Xiaotao, GAO Yang, WANG Xiuli, et al. Effects of carbon
fiber length and orientation on the tribological properties of poly-
etheretherketone based composites[J]. Tribology, 2020, 40(2):
240-251.



