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Abstract: To make the mechanical properties of 3D printed polyetheretherketone (PEEK)
artificial bones better match with those of human bones, and to improve the bioactivity of PEEK
materials, the parameters for printing PEEK/HA composites through fused deposition molding
(FDM) are optimized using PEEK fiber with bioactivity enhanced by hydroxyapatite (HA).
Orthogonal experiments are designed to study the effects of important factors such as filling
direction, printing speed, layer thickness and printing temperature on the mechanical properties
of the specimens. In the mechanical experiment, the strain field of the specimens is measured
with the three-dimensional full-field strain measurement and analysis system, and the internal
defects of the specimens are analyzed with micron X-ray three-dimensional imaging system to find
out the influences of various factors on the mechanical properties of the specimens, so the
optimized printing parameters are obtained. The biocompatibility of PEEK/HA material was

tested by cell adhesion and proliferation experiment. The experimental results show that the
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factors rank in this order in terms of their influences on the tensile strength: printing speed,

filling direction, delamination thickness, printing temperature, and the maximum tensile strength

is 69. 63 MPa; and rank in this order in terms of their influences on the bending strength: filling

direction, printing speed, delamination thickness, printing temperature, and the maximum

bending strength is 99.5 MPa. The PEEK/HA specimens printed with optimized parameters

have equivalent mechanical properties of human cortical bone, and have good bioactivity.
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Table 1 Test factor level table

X Hrgrm  fTEEE SREEE fTERE
/() /(mm s ) /mm /C
1 0 20 0.1 380
2 45 30 0.2 410
3 90 40 0.3 440
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Fig. 1 Filling direction of the tensile test specimens
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Table 2 Orthogonal test tensile strength table

‘ K- )
FEass $ir 5 B / MPa
A B
1 1 1 1 1 57.3343.31
2 1 2 2 2 55.20+2. 21
3 1 3 3 3 42.964+1.51
4 2 1 2 3 58.8340. 85
5 2 2 3 1 40. 65+3. 57
6 2 3 1 2 42.9044. 31
7 3 1 3 2 47.30+1. 28
8 3 2 1 3 49.80+2.05
9 3 3 2 1 37.6042. 69
10 1 1 2 3 69.63+3.15
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Fig. 3 Stress-strain curve of tensile specimen

2.2.2 MENH
22 3 L ARG AR 25 03 T 45 R L B R HK %

HE T 1T T
0 1.2 24 3.6 48 6.0
801 RIZE/%
70 W d
60 ) ;
ok
ey = C
. ¥ B S
= S0F ] |
40
R ;|
& 30f _"_:jl b 'liﬁ
0k a8 | s
b ]
10 a &
1 L 1 J
0 5 10 15 20
97 25 /%

()i FE 10(=0°,0=20 mm/s,h=0. 2 mm,t=440°C)




%8 M Tk gk, S 3D FT E IRk ok AR 52 G A RE L B B S 5 b 25
50F 56
d
40 34
[+
S2F

g 30 F g

s Eﬂ s0 - A—a /t

2 20F =

4 S wr
10F 3 46 F
a } .
1 1 1 1 l 44 L
0 2 4 6 8 10
RITE /% L
(b) it kE 6(0=45",v=40 mm/s.h=0.1 mm,t=410C) P I S T S T R S N S
0 45 90 20 30 40 0.1 02 03 380 410 440
Mg Jin FIENHE Iy 5 FIEDELIE
aer *) (mm . s mm ‘C
. ko 4
3 | | 7 5 L ASHON RN 1 5
2%k E 1 Fig. 5 Effect of process parameters on tensile strength

%21 - e — \

5 - Bransk 4 Fros , al HUE 58 75 1] 4T B B2 A3 23 I8 )
i (1) Sig {EH/NTF 0. 01, F BIX JLA B R XF 45 3 5
r ’ G L AT ED IR 19 Sig {H7E 0. 01~0. 05 2 Jil,

a
= T ST 5% 0 03 B 5 R o

()i FE 9(9=90°,v=40 mm/s,h=0. 2 mm,t=380 C)
B4 i RE 43 AR 4 A

Fig. 4 Full-field strain analysis of tensile specimens

DR 28 P 6 L A £ 0 Z MR LUK F BB R Z2 0 & /Y

RS /MEZ 22 . #5020 R B2 il R 3 /)

WU AT ENE AT T5 1] 73 J2 5 BE AT ERLEE
k3 AEAVREME 5

Table 3 Tensile strength range analysis

W A B C D
k1 51. 83 54.49 50. 01 45.19
k2 47. 46 48.55 50. 54 48. 47
k3 44. 90 41.15 43. 64 50. 53

W2 R 6.93 10. 29 6.91 5.34
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Table 4 Analysis of variance for tensile strength

YE-+ 3 A B C D 12
B 297.706  450.954 274.983 202.791 371.009
A i 2 2 2 2 18
SEHIME LT 148.853  225.477 137.491 101.395  20.612
F 7.222  10.939  6.671 4.919
Sig 0.005  0.0008 0.0068  0.02
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Fig. 6 Stress-strain curve of bending specimens
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Table 5 Orthogonal test bending strength table
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1 1 1 1 1 80. 80+ 3. 31 _%
2 1 2 2 2 85.5641. 89 &’
3 1 3 3 3 71. 40-0. 22
4 2 1 2 3 99.50+1. 03
1 1 1 1 1 ]
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Table 6 Analysis results of bending strength range

3 A B C D
k1 79. 25 81.37 77. 64 75.73
k2 86. 82 80. 75 82. 90 75. 85
k3 67.12 71. 08 72.65 81. 61

W2 R 19. 70 10. 29 10. 24 5.88
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Fig. 8 Effect of process parameters on bending strength
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Table 7 Bending strength analysis of variance

T3 25 KR A B C D w2
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Fig. 9 Analysis of void defect inside the sample
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Fig. 10 Force analysis of the specimens
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Fig. 11 SEM images of tensile specimens section
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Fig. 12 SEM images of bending specimens section
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Fig. 13 Cell adhesion and proliferation experiments
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