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Fused Extrusion Material Additive Manufacturing for Mg/PCL Composites
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Abstract: The poor mechanical properties, long degradation time, hydrophobic surface and worse
osteoinductive behavior of polycaprolactone (PCL) limit its application to bone tissue repairing.
We incorporate Mg micro-particles into the PCL. matrix to produce Mg/PCL composite material
and fabricate bone repairing substitute by fused extrusion additive manufacture technology. The
influences of temperature on quality and evenness of extruded Mg/PCL composite filament are
analyzed. The tensile and bending samples are made to verify the influences of printing perimeters
on the mechanical properties of Mg/PCL. We fabricate the bone tissue engineering scaffolds with
the pore size of 300-500 pm and strut size of 600 um and observe the scaffold surface morphology
by scanning electron microscope (SEM), then customize dog mandible prosthesis. Compared
with pure PCL, the tensile and flexible modulus are heightened by 45.6% and 89.6%
respectively, while the bending strength is heightened by 27.3%. The more the Mg particle
content in PCL matrix, the rougher the surface morphology in SEM. The results show that
incorporating Mg particles improves the mechanical properties of PCL, which approach those of

human cancellous bone. Mg micro-particles inserted on the PCL matrix promote the surface
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roughness and hydrophilicity to facilitate cell attachment and growth.

Keywords: bone tissue repaire; fused extrusion; polycaprolactone; magnesium; mechanical prop-
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Wb, 2B THE 8 s B i 4 mfL i 2 1L %
A0, SCHRCI8 A M il T AL H RATED T PCL M & 2
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FE TR (PHBV) (5 & MR A8, SCHRL19 1R
FHAEHT 55 11 05 sATER T PCL FIW AR = 45 (3-TCP)
AR, SCERC20 R AR TOAR 3D AT ERF A il 25 1T
PCL/T B J5 4 A A S8 W98 T S 2R R R 47
F12E kR IR AR W 2E M RRAE T PR M. ok T R
At fE PCL LR s i ml R fife sl i B M e 4 1Y)
AR R S PCL ALK A AR 41 BB & &
‘¥, Fx Mg/PCL W& & 348, Huiff &5 T
2B Z K IERET I AT BN R 5 Mg/PCL S22 il
WAL A B R,

Xt F 4 R T2k U 22 b 1 A L4 R )
77 i A PR R AT BT DL B AR B A R B 22 6 R AR
DIATEN M G 8E . SCEk[21 100 ATBC(Z BEFr i =
T M AHZE A #il % T PLA/PCL & & # B 3D
FTER22HE BF5E T ATBC A [a)JH & % 55 4 4 k22 464
BT R, SCHRL 22 8 1 BB AT B L, A T
AL O, /Je -6 54 b k22 bF B3k TR LR IR
FIIZ KT e 5 43 1) A2 +5 16 52 76 180,155 °C I 40 r/
min, LR EAE 1. 78 mm. k[ 18] 35% FH x24T
Frib bl & 7 PCL/PHBV & & 2 4. 85 i HL & Bt
L BRI AE 100,148,148 F1 150 °C, 22 b £ 12 43 4
76 1. 6 mm, SCHRL23 1R FH 582 AT 94 K T & HLRTBF
HAL.H 4 T PCL/S B A (MMT)/HA B4 %4 .
FIBAT BT LA BE IR E R 78,114,113 A1 79 °C, F
B # N 3.0 Hzo 22 5| 3R 2. 500 e & AR v]
PLRFRE 1.7 mm,

P 3R SCHR AT 0 25 B2 G b ORE 22 b 22 L T
HE AR IR T 38 43 259 50 b 4y WOE JE I A BE AR IE
FTENY i M RE A R . — Bk i, RUBR AT 55 HLaE
FHF IR B, BB FF B B HLEE T 5 22 . 353 i MUK TR
B AR RO ST B A, T DA AR SCR 8 TR
Aol Mg k7385 4 wfe PCL LR b,
il FH BRLSBFTBF ALY 22 AT 5 45 2 A 22 4 i
iR SO

Efxt PCL KH A A MBI K Mg/ or FRE
W) J1 2 F M RE T I A AR 2 A Gl . X4l 5 45 R
R - T M & T 3% Mg/ BRI (PLAE A
AR Mg KL 0 o 37 4l 568 55 R 2 i 538 2 1) R
R T 6261 12,55 , (25 iy 5 BE 4% ™, 5 &1 el
FREHTED BLHI £ T PLA/PCL & & bRk R4
ol AN e AR R S5 SRR A PCL i PLA i
i 25 iy P BB A, b o PE BB 5. Engelberg %
XFAH X 43 F BT & R 44 000 g PCL #EAT T J7 2%
K, 75 B PP SR BE S 16 MPa, Hir ffi B2 & R 400
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Ko

R

Eird i 53 4

MPa, 25 i #i & & 500 MPa’, Kim %5 47 T
PCL/HA Bk g i 3, 470 47 58 B A7 A
A (1,25 +0.2) MPa fi1(5.71+0.6) MPa
WK F T (1.63+0.1) MPa 1 (6.73 £ 1.6)
MPa"), S B0CR 15 % A 20 % (1 HA 0 H7 58 &
Fe 0 R 1026 HA B H7 5 B 0 & . A S 2208 5%
GRS RS R IEA ., EAH L PCL Al Mg
2 ORI HLAR I BE I3 T AT S R A 2 A X S e
1) S 40 i B RASE B R AT T 000 o, R %o R O A R
PERE R W ) R AF LR R . AR SCEFXF Mg/PCL (1)
Bk T2 T R G RFIT L 6 Mg B F A9
A PCL A $ it A0 25 i Pk BE A9 2038 0 1 1 40 1Y
LR

H i 76515 8 4, PCL & H & & MR Ry AT
BR324 vh e i SCER O I AR SCAT B Mg/
PCL i T f0BH B AR TEBH T B REBY 8 T2 20 RE 98 52 1
AR A 1 A R

6 4 it

Mg/PCL & & # BHE 5 1& 52 2 A 1R 45 1
N5 o AR SCR A ORHET T 22058 T A RIHTED
SRt PCL J Mg/PCL HLAPERE R R . 78X 56
T FEI P L 25 B R, afl PCL B 7 4 38 28 0 7 s i
KM 17.165 1 533. 26 MPa, 25 i 55 B F1 4t 25 45
ARl 19.17 1 402.75 MPa, 4y 34 Mg 5
PCL Fif bl 1:10,2:10,3:10 #4785, 15 3 A~
[ kB 2 JEE B & BN 9 IE SR 45 AR L R A K
53 [ . Mg/PCL 1 fie K Hr A 5 B A AR 5 R
17.18.869. 15 MPa, fi i G4 /= T 62. 9920 . fie K
25 iy 5 B FIHT 25 ARl 24, 05.776. 12 MPa, 43 5 &
BT 25,46 %0 92.70% . A SCHIE TV T H B
521 Mg/PCL SZ B a0 B B . it B3 R B s
M4 MR T L2l PCL SRS . Mg (19 i A T A5 ]
T A0 G B o3 ARG IR KM L [R] IPIE B T AR
TP 3 B AT AT
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