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Formation process of hydroxyapatite nanowires
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Abstract: Hydroxyapatite (HAp) is the main inorganic component of human bones and teeth. Its
properties are closely related to its structure and morphology. In this study, hydroxyapatite nanowires
(HANWSs) were prepared by using calcium oleate as the raw marerial, and the growth process of HANWs
under high temperature and high pressure hydrothermal conditions was studied. In addition, the
morphology, phase and thermal stability of the intermediates were characterized by SEM, FTIR, XRD and
TG. The results show that with the increase of reaction time, the morphology of the product gradually
changed from the initial granular shape to linear shape, and the dispersion and uniformity gradually
improved. The phase of calcium phosphate nanowires gradually changed from amorphous calcium
phosphate (ACP) to HAp, and the nanowires formed due to the repulsive volume effect changed into
materials with higher crystallinity.

Key words: hydroxyapatite nanowires; hydrothermal method; time variable; formation process

[2] [3]

0 -
o 2
(Hydroxyapatite, HAp) , HAp . .

. H 1 Manafi ' Ca(NO;), *4H,0
HAp , N (NH,), HPO, \ ,

:2020—05—26 :2021—04—28

(51672250) (2019C04020)
(1994— ), . B B

,E-mail: kxd01@126.com



10 ( ) 2022 47
25~50 nm, (120430) nm ( Do
HAp;Zhang - Ca*" pH 1.3
, Ca/P 1. 67~2,pH 2~3 10 mL 0. 0125 mol/L NaOH
s 96 ~140 pm, . 0. 0020 mol/L CaCl, 0. 0010 mol/L
96~136 HAp;Xiong NaH,PO,-2H,0 , 8 mL
(AgNP) 9 mL ,
(Hydroxyapatite nanowires, HANWs) , 600 r/min 10 min, ,
0 o 100 mL
[97 / , 180 C
, (0 min,15 min,30 min,1 h.2 h,
o 6 h.12h 24 h) . )
HAp , N 3
HAp 60 °C 24 h S
e 1.4
HAp, , (SEM)
S :Lu HAp . 15 kV,
HAp ; HAp (FTIR)
. 100 pm H , 4000~400 cm ™', X
1000 °C : b, (XRD)
A M. Yang : 20 =10"~170°, 5(°)/min,
HAp (Sodium (TG)
polyacrylate, PAAS) , HANWs , 30~600 °C,
“ O 7PAAS 7, 10 °C /min,
. Han [
1) N 2
HANWSs, PLA 21 HANWS
) o 1
HANWs , HANWs ) 1 i
° ’ HANWs
’ HAp , . 24h . L@
SEM.FTIR.XRD TG SEM X
. » HANWs . HAp . 1
1 . lo—( 0,15 min
1.1 30 min ,
, Aladdin ; ,
. R 15 min 30 min 10000
; 2(a)—(b) o
1.2 . 1h
S-4800 ( Hitachi HANWSs( 1) ,
). Nicolet 5700 , , HAp 30 ~
( Thermo ) ARL-XTRA X 60 min . 2 h,
( )\ Pyris Diamond 1 s 15~25 pm( 1

( Perkin Elmer )

@). 6h . HAp



11

40 ym
HAp

(

HAp
1(h)),

12 h(

35~50 pm :

, 6h

12 h HANWs

o

b

1))

30 ~

b

24 h,

1h

HANWSs

1G)),

SEM

.24 h

HANWs

[17]



12 ( ) 2022 47

2 HANWs
2.2 HANWs  FTIR HAp 52922.2838 em™ ' 1565 cm !
HANWSs
FTIR R 3 . 3 R . 1456 cm™! 890 cm ™! CO,*~ ,
o CO,*~ HAp , HAp
3571 em ™! HAp CO, ., 1095,
,550 em ™! 1028 em ' 962 cm ! PO,*"
, 562 cm ' 606 cm ! PO, ,606 cm™' 562 em™!
, PO,*? o 3(a) —
( 3(a)), HANWs (b) ) 550 cm !

, ) PO’ 0 min 550 cm™!
2922.2838 cm ! 724 cm ! , 606 cm™! 562 cm™! ,
(—CH3) (—CH,—) , ACP

. 1565 cm ™! Ca*" HAp", FTIR ,
. —COO" el HANWSs ACP
3 HANWs  FTIR
2.3 HANWs  XRD , o 20 30°
4Ca) 9 HANWSs ( 4(b)), ACP  XRD
XRD , , ,
XRD o 4(a) , 0,15 min ACP,
30 min ,HAp s 2.4 HANWs TG
(002) , HAp 5 TG o 5
, ,70~110 C
20 HAp  (002). . 200~430 °C ,
(211).(112) (310) , s

s ;430 C



13

;480 C

’

0.15.30 min,1.,2.6,12 h

24 h

500 C
)

HANWs XRD
66. 7% .61 7%. 65 0%. 55 7%.
26.7%.23.0%.8 7% 3 8%,

s , 0 min

33.3% 24h 96 2% ,HANWs

o



14 ( ) 2022 47
5 TG
2.5 HANWSs Onsager (es1 ]
HAp . . , s
e HAp .
’ 3
(2] HANWSs, HANWs
, a) Ca*" . NaOH
S ,
, HANWs Ca*"
sl HAp , HAp .
- -NaOH OH™ PO, o
NaOH , b) ,
o ,
HAp(001) Ca*" N HAp
, , : o
a) Ca’t, HAp ) c) ACP,
HANWs Ca*™ PO, , ,HANWs ,
PO, ACP HAp , o
, , d) HANWs ,
HAp 0 min 33 3% 24 h
L . 96. 2%,
, ,
) , :
. [1] Farokhi M. Mottaghitalab F. Samani S. et al. Silk
Ca’* fibroin/hydroxyapatite composites for bone tissue
i ACP X engineering[ J |. Biotechnology Advances, 2017, 36(1):
68-91.
' . [2] Kahana S S. Rapid formation of nanocrystalline apatite
° [1]. Journal of Crystal Growth. 2002,237-239(1) .55
Ca*" , HAp 5.
’ ’ [3] Cao L Y, Zhang C B, Huang J F. Influence of temperature,
s 3 FTIR [ Ca®" ], Ca/P ratio and ultrasonic power on the
HANWs o crystallinity and morphology of hydroxyapatite nanoparticles



15

prepared with a novel ultrasonic precipitation method[ J].
Materials Letterss 2005, 59(14/15):1902-1906.

[4] Afshar A, Ghorbani M, Ehsani N, et al. Some important
factors in the wet precipitation process of hydroxyapatite[ J].
Materials & Design, 2003, 24(3):197-202.

[5] K¢ R B, Kim C K, Khil M S, et al. Synthesis of
hydroxyapatite crystals using titanium oxide electrospun
nanofibers[ J ]. Materials Science and Engineering: C,
2008, 28(1).:70-74.

[6] Manafi S, Rahimipour M R. Synthesis of nanocrystalline
hydroxyapatite nanorods via hydrothermal conditions
[]]. Chemical Engincering & Technology, 2011, 34
(6):972-976.

[7] Zhang H, Darvell B  W. Morphology and structural
characteristics of hydroxyapatite whiskers: Effect of the
initial Ca®" concentration, Ca/P ratio and pH[J]. Acta
Biomaterialia, 2011, 7(7):2960-2968.

[8] Xiong Z C, Zhu Y J, Chen F F, et al. One-step
synthesis of silver nanoparticle-decorated hydroxyapatite
nanowires for the construction of highly flexible free-
standing paper with high antibacterial activity [ J ].
Chemistry-A European Journal, 2016, 22(32):11224-
11231.

9] , s ,

[JJ.
( ), 2019, 41(1) :49-55.

[10]1 Qi C, Zhu Y J, Lu B Q. et al. Hydroxyapatite
nanosheet-assembled porous hollow microspheres:
DNA-templated hydrothermal synthesis, drug delivery
and protein adsorption [ J ]. Journal of Materials
Chemistry, 2012, 22(42):22642.

[11] Lin K, Wu C, Chang J. Advances in synthesis of
calcium phosphate crystals with controlled size and
shape[ J]. Acta Biomaterialia, 2014, 10 (10): 4071-
4102.

[12JLu B Q. Zhu Y J. Chen F. Highly flexible and
nonflammable inorganic hydroxyapatite paper [ J ].
Chemistry-A European Journal, 2014, 20 (5). 1242-
1246.

[13] Chen F F, Zhu Y J. Xiong Z C, et al. Highly flexible
superhydrophobic and fire-resistant layered inorganic
paper[]]. ACS Applied Materials & Interfaces, 2016,
8(50) :34715-34724.

[14]Sun T W, Zhu Y J, Chen F, et al. Ultralong

hydroxyapatite nanowire/collagen biopaper with high

flexibility, improved mechanical properties and excellent
cellular attachment [ J ]. Chemistry-An Asian Journal,
2017, 12(6) :655-664.

[15] Yang R. Zhu Y, Chen F, et al. Bioinspired macroscopic
ribbon fibers with a nacre-mimetic architecture based on
highly ordered alignment of ultralong hydroxyapatite
nanowires[ ] ]. American Chemical Society Nano, 2018, 12
(12) :12284-12295.

[16] Han J, Ma B, Liu H, et al. Hydroxyapatite nanowires
modified polylactic acid membrane plays barrier/
osteoinduction dual roles and promotes bone regeneration
in a rat mandible defect model[ J]. Journal of Biomedical
Materials Research Part A, 2018, 106(12):3099-3110.

[17] Yu H P, Zhu Y J, Lu B Q. Highly efficient and
environmentally friendly microwave-assisted hydrothermal
rapid synthesis of ultralong hydroxyapatite nanowires[ ] ].
Ceramics International, 2018, 44(11):12352-12356.

[18] Wang X, Zhuang J, Peng Q. et al. Liquid-solid-solution
synthesis of biomedical hydroxyapatite nanorods [ J J.
Advanced Materials, 2006, 18(15):2031-2034.

[19] Jiang S, Pan H, Chen Y, et al. Amorphous calcium
phosphate phase-mediated crystal nucleation kinetics
and pathway[J]. Faraday Discussions, 2015, 179:451-
461.

[20] . ; .

LIl , 2020, 48(1):
136-143.
[21] ; ,
LIl . 2007, 25(4):26-30.

[22] Uskokovic V, Tang S, Wu V. On grounds of the
memory effect in amorphous and crystalline apatite:
Kinetics of crystallization and biological response[]].
American Chemical Society Applied Materials &
Interfaces, 2018,10(17):14491-14508.

[23] Liu L, Huang J, Feng Y, et al. Synthesis and
characterization of ultralong nanofibrillar and hydroxyapatite
powder[ J]. Advanced Powder Technology, 2015, 26(2):
428-433.

[24] Tang B, Yuan H, Cheng L, et al. Effects of gallic acid
on the morphology and growth of hydroxyapatite
crystals[ J]. Archives of Oral Biology, 2015, 60(1):
167-173.

[25] Onsager L. The effects of shape on the interaction of
colloidal particles[ J]. Annals of the New York Academy of
Sciences, 1949, 51(4):627-659.



