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shankbone biocomposite
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Abstract; Objective To Investigate the toughness mechanism of the hierarchical and eximious micro-nanostruc-
tures from shankbone biocomposite. Methods The hierarchical micro-nanostructures of a mature shankbone
were observed with a scanning electronic microscope and then to explore the toughness mechanism of this
shankbone by the analyses on the models with hierarchical micro-nanostructures. Results The shankbone was
made from a kind of biocomposite with hierarchical micro-nanostructures, consisting of hydroxyapatite and colla-
gen protein matters. The micro-nanostructural model analyses at different scales indicated that the multilayer mi-
crostructure of the bone increased its fracture energy and the crossed microstructure of the hydroxyapatite fiber
sheets as well as its long and thin shape size enhanced the maximum pullout energy of the fiber sheets. Conclu-
sions The hierarchical and eximious micro-nanostructures in the bone endow the shankbone with high fracture
toughness, and can be applied to the design of biomimetic composites.

Key words: Shankbone; Biocomposite; Hierarchical micro-nanostructures; Toughness; Model analysis; Fracture
energy

YRR EZ NG 5, WES S R mEd B RS R A AR ]
TSP R E A A YR I FER. FEEREEREYE SR BAFRNGFRIYK,
BREVESMEME R IR R TIRE R BB UK RE BRI B T TR R o i 5
5 B H#:2011-09-01 ; 4&[E H#A:2011-09-20

ESWAH: HE B RB:EL %W H (10872221,50921063) ,
EIES Bk, 2082 , L3954 2, E-mail : bchen@ cqu. edu. en,




B R.% BEEDESHHRSEHOKEHNTIENE
CHEN Bin, et al. Toughness mechanism of hierarchical micro-nanostructures from shankbone biocomposite 421

&I E R BRI 2 RE (2 %) MaksEm,
WAB T R SR 2 R B R S HEZ R
BE(Z%R) ARG Z B KR, W TIF L mtEfE
AR EAERRE

WFLSh AR — R A R S
B g Tl L, BT R SR W
BE R T2, D Sl AR 1 SCHE A2 3 i 58 R R
BETASROHEEEM BFEEdER ALY
BB ROKPTAR o B R B R B ER S
FIBRIRES , e 22 A R KA ik, A L&
TR RIS IR AW o BRI A ik 5
/NEAAAT LU 2§ 5K Cayo (PO, ) (OH), dekik, H
AR BEZ D 5 ~ 10 nm, I FEA 8 1958 i i 1
KT B R BTEAE B B T U R W
MEBLEY . B E IR B & AR
B, SHCBESEZRHRBE O . B
JR B TR, H— sy e o3 1 4540 5 Bk
B WURAF IR RS , - JBE IR A 7E WA Bt 5
BHRNGERARBEAEA R RAEN TR
B, AR, AT B BT T IR L RS
ZHEPFF . Yamashita 21 2235 K B 1558
KB, s TN BRI A S A 4R B R IT Y
252 Z[AIFHK ; 12 B — NG AR S5 RRAE , AT T2
BLIRE GRS A S, F 18 13 7 35 6 UL
A& LTI, ZERDRH R RT] BT , (6 2 & 4R
JEWH | BB APV R G 3R . Katayama %51
HRYEAR B OSSR RS T I B S5 HTE sN A 1l
A [ - A AR S A TSI A A T
FERL A1 B R AL HL ] Budyn %1 42— 4%
REFTERBEUPARE T, NN R B NS E
HOY o FHEd @AM T R HTABRIT
RIS S 1 W 2458 B 75 R 77 2 i 7 LA B A
OB T BRI RLAE o SR T B BT A H AL
SRR BBBIR 0, Armelle 2511 i F iy
THEN X FLWZHAMEARELE T AR LRE
TRESHIRHIE , B2 45 R 5 P PR R B B
GERHEAT T HOBE. LIRSS R AT R T
BRI BWH . KRS W T R 4B 8B
B RS R S R ERE, B3 TR RE
TR AE B AR 5 TR AT BN AR 56 R AR
FIEE SR AT 1 v B L 3R W 2 B 4 o

FAEPREE E R AR B S b (R R SR A,
s R RS AR A K HLECF Y. BER
St R A RO WA T A IR 0 2838 A i
iRl SR N el LD RV AR d e 5 )
SN, A R S A B B /NBR S (8] 40 A 5 ) S L
PEE DR BIZE IS, XL IR ARR I, Xt B R
ARG FRHE BIPT ST AR AE SRRl b 07 A2 B
i, R TE BRI b Ao B AR P i
TP AF R R R R S AR T TR K B &
A AT T R B T IR B B
YR G RFAL AR L% 2 I B 2 RN KR FE
FRAE , AT AT, SR T e B e W R v 5
EZSAUNEY ELp ST A)ivE S

1 SLWHETE

B B AOR M BE R BRI R T 1],
rEB R . APR A MR R
HIRE B SR, BRI, A S A B B A B LR T oK
SREH A — AR ITA B M MAOKR ML .
AT 20 &8 A 80180 : (1) st
Jed FRR A AL, DL 95% MR vk K m,
RIE SN I A R 5 1 B SRR, SRR/
5 mm WERABRME. (2) HREMIREHET 1 h
ALK AREE , 4% J5 HT KYKY-203 B 7 I ST LR
HER E—R200 10 nm BRELERZ. (3) Kl
IR A Amary-KYKY-1000B 93 L EE A,
REFHRIE N 18 KV, ZEBORAEECH 20 ~ 12 000 15
FE] PAY X AR B W SRR T R T 1 P B R

2 BEER

(1) EB/NRE T REM B ENE RN, R E
JE Re—T B LR BB KA (BEAR) 578 HLAR R
HE (M) WK B REME MR, ERE S
PRk SRR RS IK A DURIRIE AR, oA
HUB R FUZ A L ER & B (LB 1) o W
BRI, BEPKA AT T BRI, X5
BE AR BB IR A B 5 1 5 B B 1) Ay B 0 )
7 1) — 5, AT 528 0 K RE AR S b A ¥ HLR 28
RESI NSRRI, HE— WK, TR E 2R
W EF SR, X YA GAREET TRE
B R BT A 4= , T i AR B i



EREYMANE $£26% F5H 2011510 A
422 Journal of Medical Biomechanics, Vol. 26 No.5, Oct. 2011

EHRETT RABIT SR X, MR AR

(2) TEBRRETHEAMEENE LN, &
BB RA SR R EB KA LT 4R T i (L
B12) i 86 5 BLBE K A0 4F 4t 1 3 B Tt BT 7E 1Y
JFRSTHT . B R BURSBR IR KA )2 R
B O E4E R BA Se e A R J7 i, Al T4 B — b
T EER (E 2) o BT EHH, ZXA
EAH IR (KL 90°)

(3) A RNE T AR BRI & R
TRATERHE J SO B P47 HES A T 98 B R R IR
GURETHE R T AR (ILIE] 3) , BT KA 9K ET 4
Fr B BEEARB RE (CRZ ML+ EULE4K) .
FERE B RS B 2 A0 AR AR S5, L R A
HEME R EA BB RETER S H . AT
HEB AW B 5 MR 2 AR AR G BB 43 A R
HA

Bl FTTEREMNEERKGE B2 REBKRAFERNZIMEN
Crossed microstructure of hyd-
roxyapatite fiber sheets

Fig.1 Hydroxyapatite layers parallel to Fig. 2
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3 SRWMMKERE ST

3.1 BEESEMEMERSH
TEXT RSB AS RS P, e BUHE 2 ol TOHL R
RO (EJR) MM AEIURRES R
(K2 ML 22 R A5 o 1 T AR i ) 1
EYET AR WA o ATyl ad B R
LR MEIEEL, 188 IR B 2 R MGt (L W R B
B, T RS B B & W 2GR LR
IR E Z R MR A 4 PR, B84 T
PIREB RO EMAYKIEERRZ. LRl
A, TR Z M P AP AE, BB i
EH THEMBRN, YRR T ELIE)Z EiTE
BHTRERE T R, R RZ P R,
DRI T AR B 22 SR S50 R TR AR I 4 7 (3L
TR, R ZEMEMENGESR m A TH
B =, A1 A R B SR BE A, TAR T B R B N H o
T AU E R EZ R TAYEKZ B E, ATk
A H, B TCHUEE S EE . BIA
H, = mh, (1)
BRAEAYRZ P REFHREAL, W R7E

S-3400N 15.0kV 20.7mm x2.50k SE

B3 FITHEERKAARGER
Fig.3 Parallel hydroxyapatite nano-fiber
sheets

R RHER R
N N

—n
1

- | e

E4 BESEMEHER
Fig.4 Multilayer microstructural model of the shankbone
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Fig.6 Pullout model of a inclined fiber sheet
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Fig.7 Model of crossed microstructure of fiber sheets
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Fig.9 Model of the parallel nanostructure of the fiber sheets
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