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Preparation of typical bio-ceramics HAP and its properties
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Abstract: Hydroxyapatite (HAP) has been widely used in clinical stomatology and orthopedics as bone repair material.

Herein the calcium hydroxide-phosphoric acid system in chemical precipitation is used for the preparation of HAP. Through

the CASTEP module in Materials Studio 2017, the energy band structure, density of states, mechanical properties and optical

properties of HAP are calculated. The results showed that the higher the temperature is, the better the HAP crystallinity is, and

that the HAP prepared at pH value of 10 has the highest purity, and that the longer the aging time of the reaction system is, the

higher the HAP regularity is. In addition, the mechanisms of action of the element Zn on the mechanical properties and

optical properties of HAP are analyzed, and the results proved that the Zn-dopant HAP is more suitable for clinical medicine.

The study provides theoretical basis as well as reference basis for the preparation and modification of HAP multiphase

ceramics.
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Figure 1 HAP solution after reaction
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Figure 2 HAP after aging and drying
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Figure 3 X-ray diffraction of HAP sample
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Figure 4 Cell structure of HAP
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Figure 5 Cell structure of Zn-HAP
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Figure 6 Density of states and partial wave density of states
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Table 2 HAP elastic constants

Cij/Gpa

107.86445+11.903

211.093 35+3.493

i J
1 1
3 3
4 4 51.54455+2.341
1 2 27.07395+15.906
1 3

37.168 53£7.956

CijfRFR B PE R AL, 2 6x6 HPEHEURMIC. N HAP BTN
J7 R, FAT SIS ISR R AL C, . Cy . C oy .y Cpg

AR EN SRR A WY E SO E

(Cll +C12)C33 '2C132 >0 (1)
Cn - CIZ > 0 (2>
Cy>0 (3)

W22 2 B AR A AKX (D)~(3) ] & L HAP
ST RO R BT ) SRR E PR A, B L AT AR
HAP SR BAT J1 R e 458 .

PR Ry R 2 B0 RH T DL 2 8 AR A, Bir AR 2 v
(1) HAP B i st P S 83 AT Ry BRE 8 3% 2 Th (1% HAP
PRSP BB B A Voig 75 72 Fil Reuss 7 F2>,
FF2R H CASTEP Ak E 471158 R T #5931 HAP £/ 5
PR T Hill? @0 Voigt 77 2 Fl Reuss J5 B2 fIT 15
BN EE RBCE-YEMN ST . 3 s B A TR AT
(CEIE R

#3 HAP#MIES
Table 3 Elastic modulus of HAP

E i Voigt'2s) Reuss26) Hillt27)

R 69.96048  62.97353  66.46700
YA 5039095 47.78670  49.08883
WEEE 121.90450 114.41842  118.17419

FR A Pugh' 4t (%) A1) F AR i 5 B D) i ok
ST A R ST Jr A S %) 42 6 o D, B SR P R AR
5 Y YIRGE Z HE A RT 1.75 Sk A W R 1 A
B JR A MRl 2% 3 09 1T A5 HAP MRS & HL 55 A
WO 1.34, fHUL R4S H MR AR W B HAP M RHE T
Hia AR, NS TG R AR 2 A .

3.3 XFEERSH

A HL PR AR 2 W [ A BB 45 ) B LAl A% o %
5 o HAP MBI OG22/ v pR B 18] 7 45 1, Herp
Re ARFRIGA= A HL BRI AR 1) 5238, Im KR G274 HL PR
I REFR . 7E 0~8 eV W F A, A L ok R 1Y) S8 it 2 il
& RE A I B TERE R O 8 eV I BL T

U fH 5 7F 8.0~15.7 eV BN , Bl RE & 19 K52 T R
HEH T 15.7~25.3 eV IEHE N, Bl A fig 1 1Y 35 K 2
IR AL ERE R N 279 eV G EFEE
AT T2 o A R PR R i 2 0 B RN A R PR
SEEB A T — B, (HAS R A A L pR Y R A
JERANET 0. MRHEIE 7 0] KRB, Re 78 Im B L FHFN R %
1) B R AR A BRUAS AR A AR /M

54 0 — Re (E&D
f " Im (EEE)
44 &
i“ 1 !
3/
% i
EE A
& I" \| \
1 \ . i B ——
\ e i /,H,. S
0+ - “‘\/-‘ \ [
_1 T T T T T
0 10 20 30 40 50

AE eV
7 HAP /Y EE ER 3
Figure 7 HAP dielectric function

18 55519 Sy HAP A RH Z Wi S f R ik 51
nfRFVTHIR, L RIRHERE PrPRAERER N 7.18 eV
IR B — N, P2 T B3, 76 17.9~25.7 eV L
W T ES G T REERER N 29.4 eV ik, Bl 5 1% T
FH EEBE T, HERE0-S5 eVEFN RO,
P LT 2 BN 9.63 eV b, Bl 5 &M T M, P 2 hE =
H21.7 eV Ak X BT A RREE N 27.3 eV
W IE B P20, hE S i H MR 5HER
AR 14.7 18,1 .27.2.29.7 eV AME AHAZ . [A] IRp 37 8 2%
FETH G R B L TR R T BRI H BRI RN £ A 0
Hh ) T R A - 5 B JE S AR 4, LI O R BT 1 AR R
R FU W EPE R . 9 45 T HAP AR SR 1
IREEER . MEFTLE N, R 3RTE 0~17.5 eV i lH
W ETHEH, TRER R 9.5 eV I I T 55— RS
R J5THe s K 17.5 eV B L 30 — AN R R i |
PR R AR N 22.5 eV AL, FERET M 28.9 eV BT H 3
AR R S R W R T 0. FTLUE HYRE
HAE7.8~17.5 eV ZIFFAEEHR T U . RERETE28.9 eV
B I St 3R 2 e g 1) 32.8% 0 U AT S R 506
Z RO A AN T BT P B KR, i X o7 T S S 3R
5GP R B T IR

K110 2 HAP fy Wi R85 , o] LLE Y, IR &R
AE/NT 518 eVt Bl 0, 43 bt s % ' 14 2 i
0. M 5.18 eV E FF iR i i K, 5 REHT K Y RE



- 1422 - BRIES VR 22y Bl S $39%:
% CASTEP 8. 115 Zn-HAP [t 50k C, =111.5,
C,,=5.1, C;5=23.7, C,;=145.6, C,;=45.4, ¥ It # %k
A (1) ~(3) Hr, 4l AT 45 2] Zn-HAP 1 554 5 4L
ol T A2 7S 7 i 2 00 ) 27 R 1 R AR AR | PRt HAP 7
E BIICE Zn 5k BA J12ERasE k. 4 CASTEP I
® A B Zn-HAP SPERI R W3R 4 TR . Zn-HAP 1k
FRVRE £ 1 5 YIS S ARG R 48 2% i (3R 3) B R 9T %
v IR T Zn NGRS O T8 MU I B8 T3 2 3,
001~ N [7) B, i 75 Zn-HAP 9 45 ¥ 3% A HAP a2 . M 4e
% Pugh ™ 45 1 1 ) P (A BRI 5 0 DA B R T
fieftlev HE FRVE R A9 250 ], 0] % BE Zn-HAP {138 T Ife
_— o H;‘;IE*’* K PEBERE, ELVERERS N . %5 1 % B, Zn-HAP 5 3
PERE A T T R BA SR B T2t E k. BRI,
035 HAP 82403 Zn REXGE HAP PERE , (573 HAP bR
0301 T TR B2
0.251
% 0.20- #4 Zn-HAPHIHIEE
Ené 0.15- Table 4 Elastic modulus of Zn—-HAP
0101 M Voigt®!  Reuss'®!  Hilll?"]
2:2(5; PRRBORE: 4092323 26.51958  33.72141
0,051 . | | . { . B R 48.79206  42.89596  45.84401
0 10 20 30 40 50 60 WICHHE  104.74688  83.60844  94.643 14

figdt/eV

B9 HAP R &%
Figure 9 HAP reflectivity

B 5.181 eV AHXT N . fEH KR ZREHE N 153 eVIE T
W, WO RBUERE R 22,1 eV AL R ZE 831 em' 5
FER 2 Wi K, ERE RN 27.6 eV AL A BB KAE N
4.33x10° em™, Bifl 5 A 98 /NI W S T 0, 1 2 R i
RN 55 eV FREZ 0,
3.4 BEITEZInSH

A 32 TR I 7 T HAP FI48 420 &
Zn 5 (B IE N 2.2%) 1Y HAP J1 2P REUEAT LR

500000+

400000

Jem™!

3000004

N

200000

W 522

100000+

O_

0 10 20 30 40 50 60
HE/eV

10 HAP R A%
Figure 10 HAP absorption coefficient
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Figure 11 Dielectric function, complex refractive index,

reflectivity and absorption coefficient of Zn-HAP
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