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Bioinspired Hybrid Materials Composed of

Calcium Phosphate and Organic Polymers
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Composites of polymers and calcium phosphate attract interest for a possible application to artificial bones and teeth as well as

mechanical materials with lightweight, high elastic moduli, and high toughness. We review three protocols of hybridization: (1) direct

mixing of polymer and calcium phosphate powder, (2) polymerization of monomer in the presence of calcium phosphate powder, and

(3) crystallization of calcium phosphate in the presence of polymer. The first two protocols have been studied for composites of non-

polar polymers such as polyethylene and polylactic acid. The third protocol has been used for composites with water-soluble polymers.

In terms of mechanical properties, the direct mixing protocol afforded satisfactory composites. However, use of water-insoluble

polymers is not environmentally benign, and the recent advances in the third protocol with water-soluble polymers are discussed.
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Preparation of polymer-hydroxyapatite composites
(1) Direct mixing

polymer with or without solvent

» composite

hydroxyapatite
(2) Polymerization in the presence of hydroxyapatite

monomer  polymerization ]
hydroxyapatite ———» ————»  composite

(3) Crystallization in the presence of polymer

crystallization

Ca2+, PO43_ .
> » composite

polymer

Fig. 1. Three protocols of hybridization of polymer and
hydroxyapatite.
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rro—< LA VEBESIEKRDRER TOL o7, 2D
AR % NaOH H 70°CC 5 oy Mm% = & ¢, &
LA NInb NRZ 7T 4w ZHERIZE D BCRD
b RaXo 7 A FOfSRmICE RIS, LT —
ENZNEEE L TFX M —~ LA UE—E R
nX TR A MEAEERERTL. ZOEEEE 10
MPa, 130 ‘CT 48 FEINEMIE 1T o 72, Z DRE
ROHMESIX 9-13 GPa, HJEI1X, 0.4 GPa THY,
WOHRTE LR U LV OFEEE L idER4s e e ¥
ST A NOEEFEN 89.4% DBEAMTER L
7-.
4. 2. ATUTY

Miculescu HNZ L ->T, T 7k Faxy 7
REA NOBEEROBBNIE SN TND.
Sadjadia H321%, /hET 7, 0.2,05,0.8g % 70
mL OKIZaB S, kv aEzmz, Vv
fkFE —F MU U AEINZCERIRT1BRSSE7z.
TUTUDORENEWVIEE, XRD ODE— 7 |37 v —
RTHY, BIEREDOT T UlTe Raxs 7844 4
~ OfE bR A BLE L.

bbb NL, KROT 77 na—RAidb
THICY VR AT L EN TS Z LI L,
Vb et hTrrrr ) UgkrE Eieny
=0 R VA AN (=) i el e R Gl ol N w = Sy A
A MeEAELTE. VB bT v U A IET
HLODHTN, XBEHTOE Faxs 744 FOE
=737 a—RThy, VBT ATNLHEIZLST
E RrX 7 3% A MO ERIH SN D Z &
WRShe, F, #HTREL Y Bk Tk
DEERDOITNRKREL, T 7Dl VBT AT )V
i, B Rexo 7 3% 4 FOfERRESCHE— |
R OREA 72 EICEE LTWD Z LR S iz
Li 5%, a9 — BTy U vigbli-=5
—F ke a7 oF A N EEALEED &,
VUi Ebiciena g —rr L OEAEKRE AT
HFREE 2 32 MPa 225 49 MPa ([ R& < 2D 2 &
EHE LTS,
4. 2. 5t)LA—R
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Salama [T, Tl r— R, /Lo —2 I 7 i,
F /7 #k8h, TEMPO fgfbtrm—2, 75 781
o—R, HILARFIAF IO —REY SRV
TULEDEAITONTOLE 2 —2HE LT
2.

K BOL, ®Lm—A% TEMPO kL, 7L
I—Z20 027% Pk nizcere—2xF 75
A 3— (CNF) A L. Zofg{kero—2%
SBF (Z{2i&E L, 36.5CT7 HRlE Ra¥xo 7 %1
hOFESEREZ B LT-E 2 A, 9.9%F&{L L 7= CNF
DEHEL D Raxv 7 3% A4 Vg5 &
W moTz. WG OSDOMETY VliRA A Lol v
RUBEA AT Rax T /8% 4 FORSEMAERE
RETH N> TVAER, B R 784
A b OFERRAEMIZE 5T CNF LD VR A A
CORBEREMAET DS ZEEZPHLNI LTV A,

bihubisE, TEMPO F2{t CNF 23t /b 1 — &4
DITNVaA—RAa2=y hO1OBEXD 1k Faxy
BRI NVA X EITR > TND Z EIZHEH
L, TEMPO &k CNF O3 8iRIZ Y VA A, 7
NV T AAFTDIETMA TS L, F
NI EAF Yy, VUi A AU DIRTIZ THbE
F2 b OOEAEERIC OV THITRER R £ %247 - CRE
i L7=. A& O ETES TZEERITHITHER T
MEtErmI kRS9, ZOmE 245 & 140 um < 5
VDR S ORIHEIR DE SR BIZE <41, TEMPO 2
{t. CNF 23 L /5T ReXo 7 8% 4 K&
Bt LHEHEIR OREE 2 /E- 72D Tl E B X T
W5,

4. 2. 6 7ILX B

Dalas 5%, TAX VBOBFEFTOE Kuf v
ToRE A N ORERRERE ZRD TS, TIF
FRIRFEDN 0.2-1.3 UM C, B, 42-86%1K 3%
ZEMRENTE. IR, TAXUENRE Fuk v
TNEA FRENCES BRET DO THD.

4. 2. T RYE=)JLTFIIa—)L (PVA)

Pramanik 5%/, VU VE&{k PVA ¢k R 7T
NREAL NeKPTRALE Redo 7 3% 4 hOE
BORN 10-60% DEAEREGZ. ZOEEEDL
MREIRIEIT 1326 MPa Th - 7-.
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boheE, PVA Ok Rax s 5 10, 20%
U 2T L LT b DI, AT T AL T %
mz<rrfeL, VUmgAAy, I LAE
ERARBEIE THEAGEREGKR L. VBT
NEZLGLb0IRE, XREPFror—2 37—
K220 FEERERN BN ER o T, 72, 10%
DY BT AT NVEET PVA TEHALSEZH 0
DIEWHHON R R TH Y, KbEPETH L N
Ly Tz,

4. 2. 8FRY TV ) ILEE (PAA)

SAPEH260E, PVA-PAA 7V (BUAE—FRRAR DA 0
BLTHL), ¥ hYH 2 —PAA I, BETF o —
PAA 7V ONETH L), R AZ 7 Y LFE 2 —
b Frf T/ (HEMA) -PAA Z L &1EY, Zh
% CaCL-K.HPO4 i##kIZiz L CTHEM L. Zinbd
DTNME, B R R LRF L EEr LD, =
T bIEaT =2 E (NCP) OET
el o TS, PVA-PAA ZuinbiEbnize Fa
XTI NEA POEEGFE 65%DEARD5]HER
JE1X 80 MPa, HPESRIX, 2.9 GPa Th o7z,

Bigi H%E, PAA f#{E FCHBEA L UL LY
VEET VE=U A, TUERSTEKIGSEE R X
T NEA NDOEEAT 5T, PAA O EITE A K
I 1ISWt% E TEENTZ DN TE TV 5. PAA 23
25 E IO Ra®xo T )7 4 KA
L, ZAUX, PAARE Raxo 7 3% A b il
EEEREICERPNCNET DO THD.

Zhu B, A LA UBEETT, U EkFES
MU DL, BTN, KEEET RY T AEK
—AH = VERBERCIRE L, 180°CC 24 KefHJE )
Res AL C, BEIPHEI 7y, EHEN 10
nm OHEFIZEWVE Ra o787 4 MEHEO R &
EE L. ZOa8RE, ) rUhbpo< D
LK ) — L PITHANUBMEZ G-, £, &
Ra X7 2 A MEHEORSE DS IRERY 727
UViET h U 7. (PAAS) ZIRAT 5 Z & THEAL
XHTC, ARICBAOREL TR Rexo 7
RH A F-PAA EEMHEA R L7, 24U, Ho
KOV NI NWEEE b ST BA R E o
TW5. PAA Lt KR XU T 8% A FOEEHN O,

H,

D

-
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0.1,0.2,0.3,04 £ DT, FliERBREZITY &, HEL
2302 ObHDOMEG SRR AR <, 200 MPa LAk,
HEEND 03 Db DR JIEHEESRNE < 25 GPa
ThHY, BORESHERELZ LOSHDOTHo T

Fidoe Kax o7 % 4 NOARGIEOR% &
BAHRICE > TR LfER TE D D) 2 &
T, KREBRROFERETHD.

oI, Wik LY BT NY A
DKFTORIET, & RRF T NE A MPAERKT
LHBROEEEBRF L. L&, KUT7 VUL
g, U UBREAE L ORY T UNER, ANVIE R
ELORIVTZINAT IR, RUTIUATIVRE
DIREBEMER S T2 MZ T, 2D OKREMESE 1D
Zh % Wit U7 B AR R O oAt ik B O3 1,
NN T DA T, @ FOMBERRE, S0f0
STEIZE-TEL, RYT 7 VVERL, Hkh
N A 10mM, UrfgRKE T MY U A 6mM,
AU T 7 ULEE SmM OIRESM:, RED 20°C T,
E ReX 7N A FOBAR L SR 2 s
HTEDBRINTND.

5. FLHLESHRDEE

BOW OBENT)FREE, S A=A X
OfEEaAE M L CHBEE AL, L -
IWEZ LD LT D LEEINTVD. EDTHIT
%, B REXT T X% A O E A4 AL RE
HE L CED FIEORBNEECH L. £/, iHb)
TREREH - BUKMEE b OmS T OFETTY VD
N AOREEREEIT O 2 & T, ARl S
O HZENTELEMGEIND. —J7, AHEHE
& MRS & O R OFE AP NS 31T 2 K DAREE 7R
g, Bz TH ALHZREEMEHI B W TH AR
RERIEZ . FHOKEEMEE T DG, BEM D)
FHRHEICKN ED X D B B2 D00, 5 FiX
FHe k> ThkoOBEREa b —LTEHDM, %
HOMNZT D 8L, ABOBRFTEREEEEZE X DN D.
B OHEIE, AN EDEFRZRIS UM
b, BECREAMO/NIWOEVERER IFMELE L
TG CTOISHBRHIHFTE 2.
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