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Effect of modifier on properties of nano-platelet hydroxyapatite/polylactic acid composites

HUANG Zhihuan , WAN Yizao , ZHU Xiangbo , ZHANG Quanchao, YANG Zhiwei, LUO Hong]in*
(Institute of Advanced Materials, East China Jiaotong University, Nanchang 330013, China)

Abstract: The surface modification of nano-lamellar hydroxyapatite (LHAp) was carried out with silane coupling
agent (SC) and stearic acid (SA), separately. The unmodified and two modified nano-platelet hydroxyapatite (np-
HAp) reinforced polylactic acid (PLA) (np-HAp/PLA, SC-np-HAp/PLA, and SA-np-HAp/PLA) composites were pre-
pared by extrusion process. The microstructure, mechanical properties, thermal stability, crystallinity, and wettabi-
lity of the three composites were compared. XRD, FTIR, XPS, SEM, TGA, DSC, mechanical property test, and con-
tact angle test were conducted to characterize the physiochemical properties of the composites. The results show
that there is phase separation at the interface of np-HAp or SA-np-HAp and PLA, and the interface of SC-np-
HAp/PLA composite demonstrates strong interface adhesion. Compared with np-HAp/PLA composite, the com-
pressive yield strength and tensile strength of SC-np-HAp/PLA composite increase by 9.4% and 6.6%, respectively,
while SA-np-HAp/PLA composite exhibites reductions. Further, compared with np-HAp/PLA composite, the initial
decomposition temperature of SC-np-HAp/PLA and SA-np-HAp/PLA composites increases by 7.4% and 5.6%, re-

spectively, and crystallinity of the former increases by 6.7%, while the latter decreases by 3.5%. Compared with np-
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HAp/PLA and SA-np-HAp/PLA composites, the SC-np-HAp/PLA composite has a significantly lower water contact

angle. These results indicate that the SC-modified np-HAp has better interface compatibility with PLA matrix,

which will provide a new criterion for the preparation of high-performance bone implant composites.

Keywords: nano-platelet hydroxyapatite; surface modification; silane coupling agent; stearic acid; polylactic

acid; composites
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Fig.1 Schematic diagram of preparation of nano-platelet hydroxyapatite/polylactic acid (np-HAp/PLA) composites
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Fig.2 XRD patterns of lamellar hydroxyapatite (LHAp), stearic acid (SA)-np-HAp, silane coupling agent (SC)-np-HAp ((a), (b)) and PLA compsites (c);
FTIR spectra of SC, SA, LHAp, SA-np-HAp and SC-np-HAp (d); High resolution XPS O1s spectra of LHAp (e), SA-np-HAp (f) and SC-np-HAp (g);
Schematic illustration showing interaction between SA/SC and np-HAp (h)
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np-HAp 2 [ f7 7 S #E1E F o &1 2(h) 2 SA F1 SC
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SC-np-HAp/PLA & 45 F R} B . 46 FOHLAH [ g - hif 2%
Mk, WJLIFEH, PLA. np-HAp/PLA. SA-np-HAp/
PLA 1 SC-np-HAp/PLA & & # L B A H L #Y 45
FPLARAT R R R, 2t 15% 1y
SPEIE AR fE, Fan s RS s Bl S K AR )
P, Zaid FRIE AR w20 5%; BEE BOBHE AR —
AHEIN, OB ECR FEERE R, B M RHE R 5 K
45 N 1 2 IEAH S (AN 3(a) BT 7R ). 78 i Pk fE
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# 1% PLA. np-HAp/PLA. SA-np-HAp/PLA
Hl SC-np-HAp/PLA & &5 M B J1 2% B o W,
FEWRBEJ7 M, 5 PLAAH LG, np-HAp/PLA & & #
ALY PR 47 T i 5 B AR SR B 23 i 4 s T 13.5%
(p<0.05) F1 10.6% (p<0.05). ‘5 np-HAp/PLA & & #f
BIAHH , SC-np-HAp/PLA 2 & 4 B} 1 1 455 i IR 55
R A 58 0 B 5 T 9.4% (p<0.05) Fl1 6.6% (p<
0.05), 1M SA-np-HAp/PLA & & b4 B JE 455 it A 3
JE R Ad 5 BE 43 50 /N T 10.2% (p<0.05) Fl 5.1%
(p<0.05). FEFLHE /7T, 5 PLA AHLL, np-HAp/PLA.
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e B TR R AT RV . A S, B
£ 100 PEFTJS 19 np-HAp 5 PLA 17 E &, AL T np-
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Fig.3 Representative compression (a) and tensile (b) stress-strain
curves of PLA, np-HAp/PLA, SA-np-HAp/PLA
and SC-np-HAp/PLA composites

fif PLA & & 4 B He 45 58 5 R 1 40 A5 i 34 98 /s 5%
Ze AT 5 SC R 4 A 09 2t HAp A EE ., np-HAp
Pk SC R  H 5 PLA L 45 A 1 i ROR W AR
M 2 #H A SC-np-HAp/PLA & 4 b K} 1 24 M BE
B E . SA-np-HAp/PLA & & bRy J1 27 Pk fiE
B ZEFH T SA KA EAF1E T np-HAp R, 7
3 SA TR BEAL, B HE PLA B /305 M A7 5 08
b, S5 SA-np-HAp 5 PLA FL i 45 458 B AR 55 .
UE4h, np-HAp 7776 80 PRk LS 1 R S5 ke ot

HAp/PLA & & #1 KL,
2.4 BMEFIXT np-HAp/PLA £ A # BRI BE I BT
¥l 55 PLA. np-HAp/PLA. SA-np-HAp/PLA
1 SC-np-HAp/PLA & & # ¥ TGA F1 DTG Hh £k .
M 5(a) I A1, PLA, np-HAp/PLA. SA-np-HAp/
PLA il SC-np-HAp/PLA & & #1 BHE 50~350°C 3 i
IR R, R KRR, AR
Z (8] () 40 5 22 S AT RE S i TR AR Sk AN TRl .
&l 5(b) W] M1, 7F 350~450°C Z[H], Hi T PLA g
HEWr %, PLA. np-HAp/PLA. SA-np-HAp/PLA F
SC-np-HAp/PLA & & B BF 4 I 4 PR3 43 fi o (HXF
F np-HAp/PLA. SA-np-HAp/PLA il SC-np-HAp/
PLA & & M &L, Z W& )G F PLA, £ W np-
HAp A& A 2 1% i #4 &2 A1 3 ] PLA 194 T4 32 8,
55 Zhu 555 3R GE S5 A

%1 PLA. np-HAp/PLA. SA-np-HAp/PLA 1 SC-np-HAp/PLA £ & #1055 8k
Table1 Mechanical properties of PLA, np-HAp/PLA, SA-np-HAp/PLA and SC-np-HAp/PLA composites

Material Compressive yield strength/MPa ~ Compression modulus/MPa  Tensile strength/MPa  Young’s modulus/MPa
PLA 74.6 (4.6) 424.8 (12.2) 68.7(1.2) 714.9 (21.4)
np-HAp/PLA 84.7 (3.4) 525.1(38.9) 76.0 (1.6) 838.5 (16.2)
SA-np-HAp/PLA 76.0 (3.3) 576.6 (44.0) 72.1(1.1) 797.8 (22.5)
SC-np-HAp/PLA 92.7(1.4) 614.6 (27.6) 81.0(0.8) 832.1(12.9)

Note: Values in the parentheses represent the standard deviations of replicates.
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Fig.4 SEM images of tensile fracture of PLA, np-HAp/PLA, SA-np-
HAp/PLA, SC-np-HAp/PLA composites
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Fig.5 TGA (a) and DTG (b) curves of PLA, np-HAp/PLA, SA-np-
HAp/PLA and SC-np-HAp/PLA composites

[T % SR K R, M 53X SA-np-HAp 5 PLA
SR S5 A R AL, Ik SA-np-HAp/PLA & & #4
BHILHT P 43 7 B8 71 1§ 22 F SC-np-HAp/PLA B &
R, 4 S 600°C B, SC-np-HAp/PLA & &
OB Ry, B2 (8.9%), Lk SA-np-HAp/PLA Fll np-
HAp/PLA & & b #1851 2 3%. X il REJ& T SA
£ np-HAp F1fi W75, 5 B0UR0 5 = 194 HL 43 i
BUONE L SA A i B 1 B 24 A Y /N
T PLAM A it . L ARBFITSS R E W, SC-np-

%2 PLA, np-HAp/PLA, SA-np-HAp/PLA # SC-np-HAp/PLA € &# M iaEM
Table 2 Thermal stability of PLA, np-HAp/PLA, SA-np-HAp/PLA and SC-np-HAp/PLA composites

Material PLA np-HAp/PLA SA-np-HAp/PLA SC-np-Ap/PLA
Tonser/ C 353.3 364.0 384.6 391.0
Tso9/ C 395.6 415.6 420.0 426.7
Ri/% 0 5.3 6.0 8.9

Notes: T,,s— Initial decomposition temperature; T, —Unstable state temperature; R,,—Residual mass at 600°C.
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Fig.6 DSC curves of PLA, np-HAp/PLA, SA-np-HAp/PLA and
SC-np-HAp/PLA composites

X H T np-HAp 7824 T %R, & 5] 5 5 p %
ER . 4h, 5 np-HAp/PLA B & #H KA L, SC-
np-HAp/PLA & & MR 45 S EE 48 = T 6.7%, SA-
np-HAp/PLA & & ¥4 B} &5 & B Wk /) T 3.5%,
SA AT REZS R I PLA (9485 & it B2 AR E L
T AR T SA-np-HAp/PLA & & #1 Bl 1Y 45 & B
SC-np-HAp/PLA & 5 M B . B, X JEH T

%3 PLA. np-HAp/PLA. SA-np-HAp/PLA F1 SC-np-HAp/PLA £ &M #IZEMAFNS AT T2l DSC HB#]
Table 3 Thermal parameters of PLA, np-HAp/PLA, SA-np-HAp/PLA and SC-np-HAp/PLA
composites in DSC analysis during heating and cooling

Material Tg/ T ch/ C AHcc/U'gil) Tm/ C AHm/(]'gil) Xc/%
PLA 60.2 110.2 33.2 169.3 14.7 21.9
np-HAp/PLA 60.5 96.4 9.55 168.1 41.1 37.4
SA-np-HAp/PLA 60.0 99.2 13.6 167.5 42.2 33.9
SC-np-HAp/PLA 60.0 — — 167.1 37.2 44.1

Notes: T,—Glass transition temperature; T..—Cold crystallization temperature; AH..—Cold crystallization enthalpy; T,,—Melting

temperature; AH,,—Melting enthalpy; y.—Crystallinity.
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Fig. 7 Water contact angles (a) and schematic diagram of wettability (b) of PLA, np-HAp/PLA, SA-np-HAp/PLA and

SC-np-HAp/PLA composites (p < 0.05, n=6 in each group)
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