#5030 B T M
Volume 30 Number 7

rERERERFR

The Chinese Journal of Nonferrous Metals

2020 4 7 H
July 2020

DOI: 10.11817/j.ysxb.1004.0609.2020-37414

ERZE HA ESREMMR AL RIVK

kO, kAL KRR, xRAE D

(1. ERIETRE MERSEE TR, FEK 400054;
2. HKTRFFEREM B S AR SR TR H L, EEK 400054)

O BEABEeh T HRIFIEYAR AT EMRERE, RV AP R BRI . SR,
LR P A 2R BRG] T LR RN o FRIEBEACAG (HA)RJE BAT RIF 10 5 SRR B A% S0k, T DU Rt i 2288 1%
BE MR, 2, BRI IRE AR 2 BRI B 75 2R, IR0l — Pk
Pho ASCAAEDIARBNE FTRRMETE LUK I 2V RE S J7 th 2338 B & 3R I DU ACH N BERE, AW TR B
HURE R R B 45 2% 1T B T Bt HA RS TR )2 AR R R TE IR .

(HIR: BAE: BREMKAO: EERE: AUME
SCEHRES: 1004-0609(2020)-07-1559-15

FEIDES: TG174.4

EAFRESRS: A

B S B S I AN S AR R S N A A,
G 7 IR BN A Rk, HEA R
R VIR PR E ] B, AR oR LN IR Y
Pomle (B, BEFEMRA MR, SRR EE
BRI FRARAL, IF HEURBOE R, TR,
WA BRIk, SEZE RIS B G S B AR R
L P 2 £ S B o

R UM AR B e R T B AN [ T VE T S OR
JZ, IR AR B G < 5 N AR B B R A T i 2 L A
R, R A SRR ROED Y. Rkt
IR AT (HA) 5 N B ATV AR, B &% 5 A
TR SRR, GBI AN TR B R T R A
WERATIR ) REE R B A R B S B e 7T, IESR
A MBEmET ), SR, HA WRZER AER T 5F
X, FEARBE NGRS SRR, AikE
Hpiprdk. Bk, B0 HA IREIAREN 85 &4k
KIS R A RS LAk, PHAREANIERA
PLBTEHURT IR 2 B A AT 2 E ] 4 HA & TR
JZ, CLiE—P 0 HA IR IR A REAN B e )
BeE MBI BCRTT T R T A .

AR T e R DRI A Ak,
TR RN R 75 0 R AT R A vl

PEfREAEE HA BaiZ R AT LI, WA
APES ATRRARIE LR T AR BE ST T HEAT TR IR

1 HA/BHYIESEEMR

LV T RER 2 B B AF AR A 2 1
CLI A ] B, LA 24 1 mT SEELZG ) ) S5 0 mT
R, BT, SR RYRE R ERIR R
ERERIEPIM . G SR IH & S0 TIRZ6E
— B PGS SRR R, AR, B
e FRESSEEENEERRE, SR%,
ABEXT BRI AT R RS, Ak, B EAR
HHEMAERL, 456 mor TR HA A R 1% se |
# 5 A M BT RN B N A AP SIS ) B T AR
15[19]0
1.1 HA/PLA E&%E

RILRPLA W AEMEME, JEEARFIH, B
ZHTFREEL, TWIREFERIT M. 45675k
EIFR(PLLA) KA HA FINIME, K PLLA il HA
24, AIERRIRJE A G B SR MR 45 1 REPY). ABDAL-

E&WB: Ex RIS YIIIE(51201192); FR T E AR AR S BT H (cstc2018jcyJAX0712)

isBHEA: 2018-07-30; f&iTHEA: 2019-12-02

BIEESE . kEH, AZUE, Wt did: 13658321150; E-mail: zhangchunyan@cqut.edu.cn



1560 hEA O RYR

2020 47 A

HAY 2P b 2 S 9 2 vR (AT L & ik
2RI A (nHA) AT PLA KT 4 IR & W ig e
AMS0 HEAERM. SREW, ZREREWRT
AMSO0 FIPTAPI M DL KA BB IR T AMSO W46 R
fifiE 2, BEJS ARG IR A EoR AJS IRERAE
EAEDE . SR, JEE HA 5 PLLA WHHAIZE &
SRR, AT ORI — B, W T A 0 k2
80 N RME R e )i i 2 P DA 58 HA/PLLA
(RIRG a8 o KIM 2512208 B e 2 AR B A G R THI Bk
W%, AR EEE K PGEAEA R LT & T HA iR
=, BHJER PLLA BEIRAEHZRM, HALB 5153 HA H
PLLA HH[EHEF KR E G IR ZLE 1) S5XTHEAH
FHEL, HA/PLLA iR 4EEAAFETE 10 d FIRIEKE
H, MR SE L A% . EfH MC3T3-E1 4Hfuls 5% 5
d Ja, RADEERIY G £ NS S
R, 105 AU 23R T 240 B LLYE T4 40 i 4 2 e A
f&, UiBZIRE R EYA A RAF, AT A R
FA A . FHAME S%IRK TS LT 1% HA/PLLA &
EKIBRAT 5605, Wi ZRE SEEAR 4 A PR
BT o L1 5P Y e AR 725 B e AR AL B ) 46 HA Y
2, s S A Tio, EM&S PLA Z.
WIS LER K HA 25 TiO, 2l iB K CaTiO,
JEARIE, T TiO, 23 Sl /K 28 S AL PR, —OH 241,
5 PLA Filid SR, ORI s 7R Sk (2
T PLA HA T KMEENE UK & s A%
(T, BT HAEARZERAERKHNRLS, JEh
W E R G NG R SHM B Hy, 52
R S RV sl A AL, TIN ZPNE I AR AZ91D KT
A 8 H AL PURBVE RNZ iRkl % FHA/PLA B4&

Sam-

g | lpm

Bl 1 HA/PLLA f&F %2 £ FE-SEM 142

WE, JEahOR KRR R AR PLA 45
B ERMMEALEMEBAKONE ST E
(MAO/FHA), 47575 56 42 75 K (I A% 5 R T T BT LA
WA o T FHA A SRR 1, MU & 55 A 2L
e g A R GE . BhAt, SRS PLA 4 T4
SEABBERIM T, FYEHESERS; B,
B KA FEFER T T #UZIK RECR R =41 PLA IR
JZ5 MAO/FHA Z [ B N N7, Rl s BE itk — 4
AR, W FEF A E L A BT sl % PLA 1R
BRI B KA BHRG )2, 9B T HA AT PLA Z [a]ff)
SIS A . SR T HA AN [%f#, T PLLA nf
Fef#, PLLA fEFFfRISFES, WEZN. B2 FHEA
Z A ARG 51k, BLA PLLA MR A IR
PV O BE B 4 1 I SRR AR AT ) Ve R e 7 AR B
(RIRENE, 3 T Ot — 0 (1 B AN ) S PR RE S5

1.2 HA/PCL E4%E

PCL 7] [#f#, {EMRPBEARAER CO, LK H0, H
BRI S . BT 2 T 42U
YES NS

ABDAL-HAY 22504 HA 44K Wik 5 PCL 764318
il OB, SR K AL ER LT ) AMSO B A SR AR A
il % B PCL/HA & 21U, A ZfLEZM A PCL
R A o 2R THRE RS Pt B B L 2) . AR BE AR R
BEASM PCL —IRE, MTT IS PEscings R
F B PCL/HA 5 &% 2B A B AN, S8
SR AR R R RS AR ARG 3 2 TR 9%
FAti— B (% . BAKHSHESHI-RAD 2126170
ZOMORODIAN Z5P27153 5 % ] TR VE FNR IRVETE

¥y smma
1"

____________
S

Fig.1 Representative FE-SEM images of HA/PLLA microtexture coatings®®?: (a) Microtextured surface topography; (b) Acicular HA

nanocrystals containing microdots; (c) Cross-section of microtextured coatings
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Fig. 2 SEM images of surface morphologies of different samples *): (a), (b) Magnesium samples coated with 5% and 10% PCL;

(c), (d) Composite coating with nHAp at 5% and 10%PCL, illustration for water contact angle
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Fig. 3 SEM images of surface morphologies of different samples®': (a) Pure HA; (b) HA-5% chitosan; (c) HA-10% chitosan;

(d) HA-20% chitosan
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Table 1 Comparison of electrochemical corrosion performance of HA/organic composite coating on magnesium alloy surface

Jeor/(MA-cm 2 Peorr (Vs SCE)/mV

Coating Substrates Methods Electrolyte Im@ersion Ref.
time/d  Substrates HA Composite Substrates HA  Composite
HA/PLA AMS50 AJS HBSS 9 9.741 - 2.136 —-1114 - —679 [21]
HA/TiO/PLA  AZ31 ED+Sol-gel Hank’s 7 34.8 176 891X10* —1607 —1453 —430 [23]
PCL/nHAp AMS50 Dipping SBF 20 103 - 3.6 —1340 - -1210  [27]
PCL/FHA Mg-Zn-Ce ED+Dipping Kokubo 10 232.6 5.52 0.01 -1600 -1560 —1250  [28]
HA/CS AZ91D EPD+immersion m-SBF - 409.6 - 1.83x10%  -2156 - -1277  [30]
HA/CS AZ31 AD SBF - 3893 4765 1.515 -1733  —-1569 —-1601 [31]
HA/PA AZ31 CCD SBF 14 40.20 - 2.28 —1600 - —1410  [34]
HA/PA AZ31 MAT SBF 26 46.22 8.87 1.03 —-1600 —1540 —1480  [36]
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Fig.4 SEM images of MgF,/HA composite coating in different preparation modes*”: (a), (c) TED; (b), (d) PRC
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Fig. 5 Fracture surfaces of different samplest®!: (a) AZ31
magnesium alloy; (b) HAp coating; (c¢) HAp/MWCNTs coated
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PRPEFIZE HA 382 W ek e b, DAE B et = 1)
VR Z o DL AR AR 1K . SINGH 25070 5 %ot
AZ31 HATAFR T ATk, AR5 AZ31 Hil& T
Sr 4% Ca-P i:)Z, H Ca-P 2 EE 2 B-TCP
DL HA 4. F MC3T3-E1 Al hMSC 41 it Pt 41 g
Bk, AAHRIANIN Sr B TR S H A0 G s A T
Bo SATMREA Sr BT BEIG AN, BRCH JE D5 R0 8 o
FIKY)REIG . XKW, 5RBAN CaP IREMLL,
S BRI TR Z BRI R B A i A K

HAl, S HA S4REURMHEME 75
Sr BT LB HA IRJZ, Bl 2o, AR Z
FEs PRSI HA B &RZE, CaliE T REH
P SE
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LUK B (1 IR B AT A (B, ek d5 A e B gk
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AT 25K T DL 3 550 HA 55 82 R DR
(IR, BRI A E AR ZEN A, =,
HBE HA SEREEEHLTHRMER: —MER
SR AT PR 4 B ERAR L [ 4k Sio3 Bk, B — A
T 2% 50 4 B R AR 22k [ 7 1O~ B . DEHGHANIAN
25 I3Mg ) Na,SiOs fF 4 Si0% ¥, 75 Mg & & T K
BALETIBAHIE T SiB 2 HA R EBRE SRR,
Si03™ M7 AEAE 12 1) JBE E /IS I HLHL 350% o 448
54 HA ZHLG, Si B2 HA E4 %2 A E Lm0
e o A SRS SR (WL 6)% B, Si-HA IR)Z
RIS HA SR EUIAEL, S8 5E & T 40 A 3 5 .
QIU ZMYE AZ31 FT1H K F TR B sh il % T
Si-HA HEWRE, ZRENNZLN, REZRIURE,
WEEER ARG . MR 1R, Sk
Ca-P R 2RI eI IN L AZ31 k=4 60 o
W2 A A ALP SEPENR R, Si $57 Ca-P
WEMMBEMN T %, MHILRE S dJE, 4097
B E T A IR, R AP A .

ZAE AT R R — MBI, T ISR i 12
PEERE B RIER, 1M Si B4 HA EGIREESEA S
FIM 25 B 7L H AT AR R . IR H, S0, FEMR N
RS SHER, K, T E R AR R
Fo

BT BRI — B RE LGE HA RIS
PE, FFREMCT HA DUBIIZhRE. 3R 2 Zil—Ler LB
R HA SN RSB, 0 SPs Fu Mg™', Zn®',
COT 4B TH4 HA. Bk, K TEHETHBA
HA SAARGER PSR AE . TX A A= 2 Fi
T4 HA IWF7E, 140 BAKHSHESHI-RAD %1%
FEBEA 4 R TH ) % nano-Si0, W25, Fikl%& Ag-FHA
GbE, AR EIRBERIE RIF AWM. HA
BB T AL TARYENIMRIE BT IS ARAT AN 4 i
AR ELAE R SRR, I B2 ot BE 30 T B0 SE i
LS, BRI T ik — S W AN ) B T35 2 AR K
S, GRS R AU S I, SIS R
yiE st H .

6 AIMEEE 7ThE, AREWKESIOF B4 HA EARERIE E MG63 B A1 5
Fig. 6 Morphologies of MG63 osteoblasts on surface of different concentrations of SiO;~ doped HA composite coating after 7 h

of cell culture®™: (a) HA; (b) HS1; (c) HS2; (d) HS3
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Table 2 Example of ion-doped HA coating on surface of magnesium alloy
. » Tonic . . o
Substituted  Position of . . . . Comparison of degradation Biological performance
. L radius/  Biological function and effect . Ref.
iron substitution 2 performance comparison
. . The degradation rate is .
It has an antibacterial effect. 2 The cell survival rate was
slowed down, the Ca
i N Promotes bone growth and o 175%, and there were no
F OH 1.33 . emission is reduced, and o [65]
formation and successfully . adverse clinical symptoms
. FHA structure is more .
treats osteoporosis after operation
stable
It has antibacterial activity . o
. ) N . It can effectively inhibit
against bacteria such as The more Ag™ doping, the . N
N 24 . . . bacterial growth, and Ag [68]
Ag Ca™'(Cal) 1.26 Candida albicans and faster degradation of o .
o ] ) content is independent of size  [69]
Escherichia coli, and its AgHA o
L . of inhibition zone
cytotoxicity is relatively low
New bones have a high
Ca**/(Cal) concentration when they are Good biomineralization
24 . Can promote bone cell growth, [76]
Sr low 1.12 formed. Promotes osteoblast capacity to reduce ) ) )
_ ) ) ) but reduce its proliferation rate  [77]
concentration (OB) proliferation at low degradation rate
concentrations
. . Appropriate Si doping is more
s a2 . Long-lasting coating . ) )
Si(Si05™/ 3 Increase solubility and . . suitable for cell proliferation  [83]
a4l PO, 5.86 > integrity and excellent . .
SiO0, ") solubility oo o such as MG63, excessive Si ~ [84]
biomineralization .
can cause cytotoxicity
Helps calcium ions promote Excessive content is not i .
. . It is more conducive to
2 bone strength and health. conducive to ion .
2 Ca ] ] o . promoting the growth of bone
Mg 0.72 Stimulate OB adhesion, deposition, chemically ] ] ) [80]
Ca(1Il) . i cells and improving function
proliferation and stable, and slow
. o . of osteoblasts
differentiation degradation
As the level of carbonate .
o . Shows a higher degree of
_ 3 substitution increases, the Increased solubility and o
2 OH /POy or . . osteoconductivity and
CO;3 4.35 crystal morphology evolves dissolution rate due to [85]

mixed

from a plate shape to a needle

shape to a spherical shape

. promotes osteogenic synthesis
weakening of the bond
of collagen

4 578

Bh RO R ERZ, W HAS T
HA/ENE GHREULE TH% HA REREZES, B
SRVTHE —ERE I OB B & S AW AV REAN B Ak
fit, (HORIXEEE SIRE A28, i HA/AY
PUR AR R SR W0 0 o Ak el P2 AT 2L 2 A F e JEE
RAILES, AHLRES HA IS &9 L L ST

Bk HA BRJE T — 8 8 1 I Pl 45 ). A,
HATARARZE AT IRARR A, EERh TR
T AV (B SR AR A RS MR st AT b, A
KB TEAZ . BRI LIRHATE S, (HEK
A S R A PN R — AN BEALL, AR R AR L AR AR
MEREL . B, RRIIFFNZME IR BA
ZIBERIRIR, FFAERN RIS T, s &8
T4 HA M NLETCHUMBEE  BER R fE AR A BL
AR, (O SA LA B ARILES, (Rl 3E
P B HA AR AR A AN i
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Research and development status of
medical magnesium-based HA composite coating

ZHANG Jun', ZHANG Chun-yan" % ZHANG Shi-yu', LIU Cheng-long'-?

(1. School of Materials Science & Engineering, Chongqing University of Technology, Chongqing 400054, China;

2. Chongqing Municipal Engineering Research Center of Institutions of Higher Education for Special Welding Materials
and Technology, Chongqing 400054, China)

Abstract: Magnesium and magnesium alloys have great potential as biomedical materials due to their good

biocompatibility and biodegradability. However, the rapid degradation rate limits their clinical application.

Hydroxyapatite (HA) coating has good osteoinductivity and osteoconductivity, which can delay the corrosion of

magnesium alloy to some extent. But a single hydroxyapatite coating cannot meet the requirements for the clinical service

life of magnesium implants, so the HA coating needs to be further modification. In this paper, the research and

development about biocompatibility, biodegradability and mechanical properties of HA composite coating modified by

polymer, ceramic and doped-ions on magnesium and its alloys were reviewed.
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