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Preparation, properties and applications of calcium phosphate
nanostructured materials
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Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China

Abstract As the important inorganic component of biological hard tissues, calcium phosphate materials have high biocompatibility,
bioactivity and biodegradability. Therefore, they are widely investigated and used in various biomedical fields, such as bone and tooth
repair and replacement, drug delivery, gene transfection and diagnostic imaging. The chemical composition, structure, crystallite size,
morphology, and crystallinity of the synthetic calcium phosphate materials, which are strongly influenced by their preparation methods,
play a decisive role in their applications. Therefore, to develop various synthetic methods for the desirable materials is important for
their applications. This paper reviews recent research progress of our group in the preparation, characterization, properties and
applications of calcium phosphate nanostructured materials, focusing on the preparation methods, including room— temperature
synthesis, solvothermal/hydrothermal synthesis, microwave— assisted rapid synthesis, electrospinning, and phosphorus— containing
biomolecules based synthesis, and their applications in drug delivery, protein adsorption and release, and bioimaging. The future
research trends are also discussed.
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FL SR AR AR A 3 DR 3 )2 28 B v 1S 40~ 150 % . R 3K
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VEOF  HZ PR T 34 293 me/g, 25 RS R 1 T 3
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A2 1R (R 25 )2 2R A8 7 B pHL i) N, 245 0 R R 1 R, T L 2kt
T 25 W) 22 V2 2 Tt () 40 K UK X5 9 240 it EL A U 1) R Ak
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Fig. 1 SEM ((a) and (b)), TEM (c) micrographs and size distribution (d) of calcium phosphate hybrid nanoparticles obtained
by using the PDADMAC/PAS dual templates
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Fig. 2 Drug release properties of the as—prepared calcium phosphace nano structured materials
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Fig. 3 Characterization of typical ultralong HAP nanowires
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Fig. 4  As—prepared highly flexible and nonflammable

inorganic HAP paper
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Fig. 5 lllustration of the excellent nonflammability and
resistance to high temperature of the highly flexible
inorganic HAP paper
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Fig. 6 Characterization of the three—dimensional bulk
materials with large sizes (millimeter scale) that are made
of highly ordered arrays of ultralong HAP microtubes
synthesized by solvothermal transformation of calcium
oleate precursor in a solution containing NaH.PO,-2H0,
ethanol, and deionized water at 180°C for 48 h
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BT TR BB PLA-PEG /R R 3570 , SR FH M0 i
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Fig. 7 SEM and TEM micrographs of the flower-like
nanostructured HAP hollow spheres prepared using PLA-
PEG by microwave heating at 120°C for 1 h
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Fig. 8 Scheme for the fabrication of HAP/PVP
composite nanofibers and fabrics (a) and formation
process of HAP nanofibers (b) by electrospinning
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B TR TE B FRES AH T By 1 L1 s e A 678 5 4) 1P 2
WA FAAAE TRy, L, & BB W oy F AR TG
BEE, AR DA AN RN R R R S B AR
Yoy T BB U TRES AR KA L B AR A B2 R 1 FH o
SRR IRAT (ATP) S H IR IEERS ZWEFN 3 AN B R SE 1A % 2 1m0
B — R R RERE R L S, B e H R AR 1 ADP AH BLA%
b, R R, A A0 M A T A G Sl B BE R VR
TEANM ) A Fp A TG s e 5 EEAEH . ATP A FH & 3
AERRIL A, 2 — PP AR A MLBEIR . R AR # 2% 14
T ATP /K ff# T2 B B RAR B - 1E A B R, Ml Jin R R R 48
IRESE (4N 120°C 2 ¥ 10 min) , ATP 7K fif 77 A B R HE 25 1 |, X 4k
WRRR AR B 1585 2 1 S W B ACP, 1 A 7K f# (1) ATP 431 1]
PIAE SRy — B 7 AT & it HLAT 35 s s M ACP 2 4L
YKER (K] 999) | 1% ACP 44 KBRS Hi I 259 22 V6 A2 B2 2%

(b) Ff il

45 (@ HESEMIE A TEME
40 P HAR: 238435 nm \

® 35

<
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E 25
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(d) FERREGRETEMEE

B9 Fl A CaCl.-2H.0EA55IR ATP{EARERFIFEEFI7E
120°CHRUB N BZ 10 min 3K75H#9 ACP S FLANKERIIRAE
Fig 9 Characterization of ACP porous nanospheres
synthesized by using CaCl.-2H.0 as the calcium source and
ATP as both the phosphorus source and stabilizer by
microwave—assisted hydrothermal method at 120°C for 10 min
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it 60 mg/g, REH VT EAZEEG 1 ACP KBRS AR H
Tt M EL AT W S A SRR, R e iz v Rk T IR L 25
iz AR SR IR B R B 150°C L I, B T ATP
IKIEFEST  FAFI =) HAP KR
KA T = BERRARTT ATPAE A MLBEIR , 256
T K TR BT 28 T 2 D6 Eo B 22 T0 8 TR B R A5 A LA
Bk Iz A ATP B T VER , — 1 ATPAE
Sk — Tl A= A AR (A A R S ST A A ) B BRAR B T, D —
75 TT ATP A Sy — Tl 235 460 A1 2L 13 A 9T s 500, 42 1) 7= 0 A 4 4
EHARST o RANZITIE G SR Eu 1825 To e TR A A FL
TER AT AR5 = A FE R R (2 315 mg) , IR IE AT 55 s Y
it (WUm M 2 VTR RE R 3 R 172 mefg) . %6
REVGEIZIG 1) Ea™ 1824 J0 8 T B R 55 v FL AR HAT pH
{ELI o7 25 ) R TROME RE LA S AT AR . 7ok kG
B B B4 08 TEBEIR S A FLIORIE B AR E A
P LA AR RSN AR A AT PRI FLIOERTE 25 %
iz AZUT AR AE Y UG S U EAT R AT R R
FLA W0 1) A0 pH AL MR 1 25 W45 R e T (R 245 ) s R 3R
TEAE W B 2 A0 LA R A A R S Ak ek 2
P (RE L F 25 8RB A AR 52 B3 2 I s R RE 22
SERR . I 4S T B R  pH (R Y RE 1 HOA%/E A O G
MM AL Bk @ R A5 2 G R L ISR T HAE A pH
(B R 25 2R A A P R o 3 e R R L VA TR Tk i M Sk
BRSO AR AS B T RGP SRR 2SO TR (HMLO) |, 88 )5 7E
HMIO th 228259, I FE A=W o F 5— =W MR AR 1 — AW 4k
(Na,ATP) B4 Bl T 76 HMIO 4N E 7 — 2 46 S BEIR S (ACP)
P42, T 15 2 HMIO/Z54)/ACP &2 5 WER 25 Wikiis R & .
LW ia Uk R B IR E , 1 S 4 A RN Ak B
25 ia VR Z A BB pH (B N 25 WP B A TR « A pH=
TAWRERA B, 259 28 0% B s (R AE pH=4.5 () B A T
o T ACP LB Z BRI, 25 R CE R BB AR 1% 25 )
Hiiia iR Z HA U pHAE M N 25 W) RE ATl o S50 Bl e
HREVGER BN 2 %iE R 2R B B S PTRCR™
K ATP VE S B, 76 308 B 5 B ACP 7 [R] B fim A
ZnCL, W TT LAJE 1, Zn 842 5 ACP(Zn/ACP) ALK ER , % Zn/
ACP A FLIRER T 4 8 €03 25 BR 18 LA S K W T 1 A R 4G
PURERCR T 5 4h , ATP Xt I 8 T A R 45 (ACC) th HL AT fR 4
RS VT, 4 S 1R A5 T £ 1 ATP U 11 ACC 4K BR1E
K AT IR TE R IS T UE T A . S BB AR 4K
RIS (N 110°C R 10 min) , AT L3R4S ACC/ACP & & 40K ek,
1% ACC/ACP & A YN K BRI A ML 21 26 1 HAT 452 5 B W B i
W B 913 mg/g, TN FH T8 225 1042 o S
PR TH = 3 180°CHT , W 3R AR ph 25 A7 Rk PR AR 11 35 S il Ik A
(CHA ) 4K ks 2H 261717 B Y B AR 294 50 nm 1) CHA ZFL44
KIK, 12 CHA GKER ] 10 H T 245 ivia M DR e S il
1,6 WEFR ALHE (FBP ) & A\ M 25 0 Qi i 2 o 5 1Y)
— RS PEP T, RS R R B SR A 58 . FBP 43
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A 2RI, R —FP AR A HLBR IR . R FBP 4
W15y FHE A TRV A S A K A T B AN TR 2548 R
I S50 A B R A5 40 Kb ek, 491 A B8 120°C R 10 min 1]
3453 ACP ZFLIEK s ZEME 180°C K237 10 min $R45 HAP 44K
5 FE R 120°C KLV 60 min 5 {4 % 140°C 12 1 10 min 3845
ACP/HAPHE & 2Lk, FIH FBPAE A HLBEIE, o i i
I S RN Y AR B (1A A5 4 7 W A A S5 R R B
JIT il £ 1) ACP ZALAOR PTVE N A ¥ 25 25 W B JF LA 4
R 2 2 5 i (385 mg/g) FIFRLE B 25 W B PEfiE™, 5
A0, 1,6- —BEER A (FBP) J& A A 28 B A C i ot 7 o T o 200
) — G M 5T, B RE IR T R A A T 2 R A T 1 7
AN A5 A A TG sl F B AVER . RS T FBPE=
TRAE T XTI 2, i A AR R . SN FBP I,
BRAT BT 10 R BOK S B BR B A7 T /0 1 T il A 4 AT 2 B
MU WA FBP B, =9 h Bk A 5 FBP(CC/FBP) ZH h 1
YK A MR, X R B FBP F A BEE S2 iR 55 H Bk ik A1 AH
lia) 7 gt A0 R B 73 ko i TR S ) 45 4 R R~ 1) 0 4 A
Mo 540, R FBP A>T & A B E A CC/FBP R &
YRR AL LE M IS T R ) 27 25 kg 5 7 BRI AR 1) 2
BB IR A (CHA) ZFLA0KER . B bUR 259 2 19 L 2B
CC/FBP B CHA 20K 25 fA % A Ak 15 9 4 it HA B Sk i) 03K
F e ATTRT A i 2T A B BB, 4351k 841 1 265
mg/g. FIH CHA ZFLY0KER R Z & A a7 R AR I A
AT LA BT L8 B 2 (0 5 R B3R, LT3 1) CC/FBP
J CHA Gk a8 1A n] [ FF 25 iz | 36 R B S S PR e Y 45
He W P 24T

T I LI 2 JUL ) s il vy 4y 4k A 0 i R o 22 )
() —Fh = REREIRIL B9, 2 R RERE IR L I BT i I AP =0,
T LR K A ), ] LR O R 56 1AL, R i TR 5 11 TR J 48 (AL ol
TR ) B R TR 7 Sl AR A T /K it AR TR A i Dy )
7% HAP 942K B /B 21 26000 1 22 4L 25 D BER L 1% HAP 2540
ok AT N T 245 s 5 8 R SRR, R LR
TE N, N-H L BERZ (DMF) FK IR A3 I 5500 T K A il 5
H HAP 9K /4K s e 150, R A R AE YA ES
PR S A W50 T 5— =R AR A ML IR, 45
A it Ay B K A B 6 S IG S T B TR 5 4 K R LA B
BRI AR ER o SEI0 45 TR AV T pH (EX F= e 5
s i R B T B AR TR L 3 R YT VA pH (AT L
PR =R E SRS R A DA 2 A & iR
I3 5 -WETR ML RS A S — P ILBR IR, 45 6 7K AR i)
il 25 PR BEmiE AT KA 5 S 23 SR R B S 40 A A G K #R
IO 5k B NS () Xof P T S5 R A EAG AR R A 2 m ™, ] R
P M 4 S A B0 TR R A T B /K A D0 ] o 8 118 HAP =2 2
PE5H  BLFE HAP G KR 20 2800 ) 22 9025 O ik \HAP 44
KR 2 25 10 1840 22 SRR LA K% HAP 40K i 20255 i i 1) 2 4%
TR, ] FH A B B RRANAE K IVAS I T KA A B B R AR
BT S50 TS B 7 SO Y R R ES A KA R, T 2
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HAP KR S KL,

6 %ig

BRRRES IR EAT R 19 A WA AV R A o] R e
e ) B~ U N B VS AN B SRV e 25y i T
R T 3 DR e e iz Wi A 55 D5 T AT B 9 1 PS5
PR T R B L RRER WS I AR M AR R TSR
S ST AT R AE ] 5 WAL B AN R S5 A b R T B AN ] o
J7 ik, I o 2 MO R S5 RS R SR RE 1 B 55
RIARL, I HRR il 46 B RR B 94 KA RHE 25 Wiz (EE
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ARRBIEETTIEANT

1) K JEBI 2 7 k% - R A PP BSAA AKAL B 5 1
BT, Wl N BARRE S T JESURITIRE I BEIR TS A
AT L 225 o 2 Wy s 2 T R A TR 9 75 oK e 241
250 B Z BN BAIRKE IS FERZ 16 %77 1%
H TR Al B DR K TN AR A R B 40 K A ) 78 14—
MRA R IERBRRTTI o AN, SR TV HA R4
AR A AT HUBE IR T ) 2 B R B 4 K AR p 7 B
AR A G — A KRR 71 .

2) RIEFEZINRET —IRAIBERES AR AR , (525 mT
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