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WE. Lk LB K T (nano-HA) =3 T A B (PCL) A &4}, i@ i 18 gk & 3% 7 X 4 & R F) nano-HA 4%
PCL/nano-HA S &-#4t., KRBk 3D 4797 #LdT 9P PCL/nano-HA F_ &4t A+l X XA, Ml X 3L ) Sk dk
id £ R R E R e X JFEATHAGEAT T 547, SR AW 4 nano-HA T & 5489 3% 4, PCL /nano-HA £.4
# 3D AT IR AR A S A 3R Ao B W 3R T AL K UG B A T R R — A3 K, 45 Sh AR E 4T % nano-
HA & 43 20% i), 3D 4797 X AR 6 A5 A 5% 2 A 5 W 38 JE 33k B) R KA, -7 4 23.3 MPa A= 21.4 MPa ; % R4
EL A 10% B, nano-HA Ji & 944 40% % PCL /nano-HA Z &M X AReh B 4% & h A s K44, A 31.4 MPa, PCL/
nano-HA F_&-#+ 447187 XA F 2 4 nano-HA #= PCL @AP48, A H) T HRZF RIFey A A2 AWM R IR T
3 mIR
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3D Printing and Properties.of PCL / Nano-HA Composites
Xiang Shengyi, Jiao Zhiwei, Ma Haopeng, Yang-Yong,. Li Rongjun, Yang Weimin
(Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract : The polycaprolactone/(PCL) /nano-hydroxyapatite (nano-HA) composites with different content of nano-HA were
prepared by melt blending using‘nano-HA and PCL as raw.materials. The PCL / nano-HA composite standard mechanical test speci-
mens were printed by a melt differential 3D printer to characterize the mechanical properties of the PCL /nano-HA composite, and
the composite was analyzed by differential scanning calorimeter and X-ray diffractometer. The results show that with the increase
of nano-HA mass fraction, the tensile strength and bending strength of PCL / nano-HA composite 3D printed specimens first in-
crease and then decrease, the compressive strength increases, the crystallization performance becomes better. When the nano-HA
mass fraction is 20%, the tensile strength and flexural strength of the 3D printed specimens are the largest,23.3 MPa and 21.4 MPa
respectively. When the nano-HA mass fraction is 40% and the compressive strain is 10%, the composite specimen has the largest
compressive stress of 31.4 MPa. The PCL /nano-HA composite printed specimen contains only nano-HA and PCL phases, which is
beneficial to maintain its good biological activity, and it is expected to be applied in biological tissue scaffolds.

Keywords : polycaprolactone ; nano-hydroxyapatite ; 3D printing ; mechanical property ; biological activity
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10 2P R A P TR LA N

it .

g fa il LR B2 (FDM) 3D 3T Bl H i PLZK
M R JERNEST 3D FTE, X T2 & MOk, T 2 20t
B AURIAE 5| 5 Bl 5 A M R A U AR KNG
5 H A LM A BE T 3D FTER, i BR 1 1T nf
FTENE A MR R ATE R 7 380 %5 © 1L HA
FIPCL M)k}, 18 MO RS HoR  Hil & T
4li PCL S22 DL K HA Jot £ 43 500 il o~ 5% i 10%
1) PCL/HA S48, 45 1K W], PCL/HA X3R4
RAF 0 A8 1, B O 35 40 TR S 2R v
F1 ARSI T2 4 1) SO SR FLAR A A AN ¥ 200 1.
Zein 2 PV R0 Cao Tong 45 U L) PCL 22 K} Hy J5 KL,
Wik FDM T il 4 7AW LU0, SR 4l PCL
(A TR PE AN %, 9 H FDM 16 22 ZE MR B A
M1 32 BRI 3. Zhao %5 M 1) IR i vk oh i 4
T PCL/HA AW H LIRS0 H 4 5 B2 AU
(0.57 +0.09) MPa.

Jea Ak TR 2% A 0 & B AR5 3DET E
HIL B4 AT L 2 AU s A O SRR B R A
T 3D FTERAT RN P R, SRR R AT ik
JE DL R 4 22 ook % v RS TEN A A M R i L
AR, SR A AR 5 vk ™ 4351
45 20 K 2 L K AT (nano-HA) Bt &t 4350k 10%,
20% 71 40% f PCL /HA &4 Mk M, Jd i 5 1A
57 3D FTEPHLFT ERAR MM R aCAE , XT LE 43 A7 A (]
nano-HA 1 % PCL /nano-HA & & #1 %} 3D $TE]
12 RE R 2, BF9E T nano-HA X PCL 4% fill )
gh AT M s B
1 SEIES
1.1 EZRMH

PCL i k7 : PCL6800, 431 A 40 000, 44 15 4
60°C, % Bl 1.146 g/ mL, ZR5EERIEE YR A R
NP

nano-HA : 2 # 4R, 7 + 15 4 1004, I 55N
1650°C, % H 3.16 g/cm’, FH 2T ER AW RHE A
PR
1.2 ZBMBERESE

WA 3D 4TERAL: HHl. *& RG5> 3D 4T
ENALAY JEEEE A 1 B 25 it B ALK Sl RAT e RS
W A R 2% B HLAA PN BV Rl | ik 2
TR A Rl i R A Wi n G W B 8 8
B RENE S =N [ B32 Bl TS = 4EFTER

USRS

st

FE R 5
(PLC)

EHENRE |
F AL

1 KOS 3D FTERHLIEIRA

2 KT 5 M ¥ B2 AL : Werner & Pfleiderer zgk 25
AL BHMEREDIMIR & RS (1l ) AIRAF];

HLo5 1A  DZF-6021 A, | IHE IS #THL TR
A BRI

TAIL i F 0 BRI AL : WDT-W-20A 7,
TRIEAG IR AT PR 7 5

X B A9 (XRD) Y : XRD-6000 %4, H 4% /3
bE /NI

2% 7R $HH & #e (DSC) {1 : DSC-204F #1, 7t =]
NETZSCH A #] .

1.3 R &

# nano-HA 5 PCL 4% — & i & [LIR &, B &
T SURAFF B LA R B 15k, 45 2] nano-HA
T H 4 B4 R 10%,20% F1 40% () PCL / nano-
HA B4 PPRHERL . N TRk 150°C, BRFF 45
50 r/min, fTENHPRAMRHE THRAE T T4 2 h, T4
TR A 50°C .

A% 91 L) 4fi PCL, nano-HA ST & 43 % 43 51 Sk
10%,20% £ 40% [ PCL / nano-HA & & #4 ) Sy it
b, WA AR 3D FTEPHLET Bl kil ke, FTEp
BHCH Wi FLAR 0.4 mm, FTENEE 35 mm /s, 4T
ENJ2 % 0.3 mm, % & 20°C, 3T BRI J&F 150 °C , S8 4F
5% 0.6 r/min,

1.4 Mg E E A

(1) Sr2AEREMN

P A BE i IR GB /T 1040.2-2006 33t 25 i
5 2 B8 GB /T 9341-2008 il i, J& 4 5if J& 44 IR
ASTM D695-2010 ik, R4 5 A, M4,
RPCEAE

(2) DSC 53 ¥7 .

I 2 ~5 mg k¢ FhgEFT DSC L, 76 ZUSUR
LA 1 RFHE S 150°C, SR )5 LA 10°C / min Ay R
AR —20°C, 1445 5 min, %5 2 YL 10°C /min Y
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HHTHE S 150°C, i 5% DSC #hk.

(3) XRD 73#fr .

WERE AR SO R, 2647 XRD it
2 ZR5ITE
2.1 s

A [A] nano-HA Jii 2 73 20, PCL /nano-HA &
AR RL 3D T B AE Ao A B 2 i RN R 4
WY - AR S o i an il 2 18] 3 FE 4 .
241
23 1
22
21+
20
19 +
18

PSR / MPa

o
=
o
N
o
W |
o
S
o
Ul
o

nano-HAJG i 7341 / %
€2 K[F] nano-HA BTt 434 PCL / nano-HA 45444}
3D FT ERAE AR

22 1
21
20
19 +
18
17 +
16 +

2R / MPa

nano-HAJT /34 / %
B3 K[ nano-HA i 44T PCL / nano-HA & 45 bkt
3D FT TR (4 25 il e

JE4ENJ1 / MPa

JESRRAS / %

nano-HA 5 k34 : 1—0% ; 2—10% ; 3—20% ; 4—40%
& 4 AK[E nano-HA it 434~ PCL/ nano-HA 45 k1 EL
3D FTEMRAEAY G ) — Fe i A8 i 2%

M 2. & 37 LLAE i, PCL/nano-HA & &
AR 3D FT B IRAE  hor fif i B R A i A R B B
nano-HA it 2 43 K1 1% 48 fin 52 B0 M 2 16 K5 s/ 1)
%, 4 nano-HA [T 43400 20% I, i RE By hr
e R R g i B G 1 A KA, 43 1 R 23.3 MPa il

21.4 MPa, i X} T 4fi PCL By $i7 {81 5% FF (18.5 MPa)
125 i 5R BE (16.0 MPa) 43 Il £ & T 25.9% Fil
33.8%. X /& [H Ky nano-HA [ i 1 A B 45 1, A
PCL /nano-HA & & #4 Bl # nano-HA 7K 5% — & />
77, 55— 5 i nano-HA 3 AR A R kL3 B , X
FEAR Sy R (2 SR BHAFVE ], 75— 2 FR R L3R
TIARAY 2R RE  (HJ2 Y nano-HA Jii & 434508 o
20% B}, nano-HA & 4= T A1, Fr DL A & nano-HA
b e GUE ) IR e b i E DA UL ]
SRR RREa Y, R 4 R, 7 A R 4 AR 4%
R, B %5 nano-HA i 70 B3 i, 52 & # B
JE 46 W 1 #7840 B AR A 10% I, nano-HA it
3 B0k 10%,20% F1 40% (1) PCL / nano-HA &
AR REEY 46 B 143 5k 26.5,29.4,31.4 MPa, Al
X F 4l PCL i JE46 0% 1 (19.9 MPa) 43 il #2531
32.2%,47.7%,57.8%. K, Ffi#F nano-HA B3,
32 MBI FREARTE B — B R .
2.2 DSC 47

ANTE] nano-HA i 5243 %X T, PCL /nano-HA &
SRR 3D FTENRFERY DSC [IR 45 <k . — Tt
AR A an sl 5 & 6 PR .

12 34 5

6 25 56 75 160 125 15;0
R/ C
nano-HA JFif 3% : 1—0% ; 2—10% ; 3—20% ; 4—40% ; 5—100%
5 B4 s DSC ik

51234&9;

-20 0

20 40 60 80 100 120
M/
nano-HA g /3080 : 1— 0% ; 2—10% ; 3—20% ; 4—40% ; 5—100%
K6 —yTHMER DSC <k
ME S ] LA E ), 4 PCL A 45 &4 IR A
22,5 °C, X4 nano-HA Jit & 53 %4 43 Jill A 10%,20%,
40% K, PCL /nano-HA & & Bk 45 & i B2 53 5]
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7 30.1,33.6,34.7°C. & &M RIS &R E M E
nano-HA JII A B3 N+ . X &P A nano-HA
A AfH45 PCL BB I 7E HA R IA PR,
BT AR R, PR R o T PCL Y45 i fiE
Hs

& 6 1] LLE L, 4l PCL A filliE EF 60.3°C,
>4 nano-HA Jii & 43 50 73 51 10%,20%,40%
PCL /nano-HA & & 4 1 i) s il 7 3 43 531 &y 58.9,
57.7,57.1°C. & &M BHEY I il B B % nano-HA
T2 (8 18 a0 T R AV o 3 2 PR A £ T T s e R
PCL "h & S B R A — Y A AR, 58 35 RE IR 1Y)
AR e PE 22 JE AR FE AR, nano-HA B AREAR T
PCL @A i 5 38 B, T BRI T As e o, R i
SEAFRHIE BRI
2.3 XRD 45 #7

Xt4li HA 4l PCL F1 nano-HA Jfi 730 30h 20%
i) PCL / nano-HA & &A1 kLIS T XRD ik, 258 4n
B 7 fis .

P o —

A 1

6 1‘0 20 3‘0 46 5‘0 éO 7‘0 éO 96
20/ ()
1—#1i nano-HA ; 2—PCL / nano-HA ( BT 40N 20%) A1k
3—4 PCL
€7 4l HA 4l PCL il nano-HA Bt 505k 20%
PCL /nano-HA &4 #1 ALY XRD ik
H & 7 7745, PCL / nano-HA & & #1 B  A1 5
W57 4 53 % 197 nano-HA 7 5 16 A1 PCL 17 S 11
{7, Ui B PCL/ nano-HA & & #1 L 3D T BNk
H LS AT nano-HA fit PCL BRI, RS HE A, A
TR BT S A5 2 HH . AEXT T4l PCL 1Y
SR, PCL / nano-HA &G AL R I i BE R AT, 16
RIAE 7 Ui W] nano-HA (T ABEAIR 1~ PCL (945 &

SERRAEIE
3 g

(1) B #& nano-HA T & 43 ¥ 1y 34 Jm, PCL /
nano-HA 52 &A1k 3D FT ENGUAE AYRL Ao B2 A 25 il
oeR I S R S K vl VB B T R B — LR
24 nano-HA i 4350k 20% B, PCL /nano-HA &
AAPEE 3D #T B A Ao B A 25 it i B 1A 3

e KA, 4354 23.3 MPa il 21.4 MPa, #i X} T4t
PCL 43 Il #2517 25.9% #1 33.8% ;5 4 [ 4 Ji 4% Ky
10% I}, nano-HA [t 735k 10%,20% Fi1 40% (1
PCL /nano-HA & & BB 5 45 13 11 53531 by 26.5,

29.4,31.4 MPa, X F 4l PCL 4354 & T 32.2%,

47.7%,57.8%,

(2) Bt % nano-HA it & 73 #1195 fin, PCL /
nano-HA 525 BHRE v A0 45 T B T 1 g , e
ek J3E 2 T B A, A X T4 PCL, nano-HA fY i A2
& 7 PCL B4 AHRE T AHRRIR T HEE e B AR aE

(3) PCL / nano-HA & & M BHEFTEN G AR A 8T
A, & HA FIPCL PRI, A3 F) T 7 A= W) B2 7 40t
AR
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