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MUFEERESRARE T HELAEEERENERE. BRERENEREER, KEAKH
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MRAERED . BAR R % 7R % B s, (EARHAE A 5 M RPRIE,  dnya IRk A i Te v A i
JETESABEAT A RO KPR B KIE (1 h~4h), FFARRI R H 472

AR, PRI AAE A & BRATURAE 2] 1 T P, BEATR ], R ST DL S P
T ARG S N RO A, O S T DU BRI R AR AR K R R R K, R
TEBZREIARZEE . BEEMRKA [HA, Cas(PO,);0H] #& CaP &K —Fr, HA S5 NE LM
U AL AN GE R . R RIAEYIEYE S AR AT, A T ISR A (A YIPERE, T LR
AT s T S NTERRIR B 7, BRI 0 K . Porter ZEIPIR MY, RERRAR AT LA 2 L 0k
IRA IR AR, M PRI L, $e v T IE MR AR s

ARICR AR, B TR P IS IR EE R B, TEBE & SR s B R B A
WE, WA TR INE . Tl pH [EXNREAE . B0, Bk =R R AE M) 1 B 1 RE A o

13

1.1 k&

¥ AZ31 BEEEBUIN T AR 10 mm x 10 mm x 2 mm B FIREEE, B 2000# SiC #h463T S 5 &
T 1.5 mol/l ff] NaOH ¥+ T 80°C f#i% 1 h, FHZEEF/KIETE. T

439K 0 gy 0.13 g+ 0.26 g Na,SiOs I 40 mL 225 F/KH, Wi S), M HNO; K& i
i) pH {1 Z 6.00; K 0.153 g Ca(NOs)»4H,0 S 30 mL B 1/KH, BAHFS ¥ 0.05 ¢
Na,HPO,4*12H,0 HlIA 30 mL £EF/KH, #8435, M HNO; ¥ ) pH H I 2 6.80. 1M
J&, 4 Ca(NO;), IR NapHPO, W RIZ T N 2] Na,SiOs il 1, W18 #E352], G HNOs R
BRI pH EH A 6.25 & 6.70, 153I0RIER .

WEBAL B S B G & i BT A OB R AR R, R R AR B T I 2 ) N4 (2450 MHz)
H PR AR E 100°C, FRIE 10 min R ZRPECH, A B TR CBEEYE . RT3
FEEBEEE SRR

1.2 RFERAE

K H H A Rigaku A 7] ] D/Max-2500 B! X $HEEATH (XRD) MR EPFH, DL Cu Ko N5
IR, FREEN 4°/min. K H H A Hitachi 2 7] 1] S-4800 B4 HEE (SEM) MEIRER LI

HALZE A L) pH BN 7.4 RN 37°C HIRELAWE (Simulated Body Fluid, SBF) ' #F gl
NI BALEICR H = AR R G MRH R BN S i A Bl REAESES S
NTAR . o, R R A AR 2, BB AN 100 mm®. MR AT, 4% TAEHEMAE SBE
HZ I 10 min 73 2IF2E T % AL, ST FHPTINR BT IR 528805 5 PRI N 5 mV, ARG
N 100 kHz ~ 0.01 Hzo X FRAHBEE, 23T 5 CPAT IR ARIE 2 1.

1.3 {ApEMEA MR

Y RE IR 2 00, OB A SRR O A B R /K L 280K sk AR5 13 FH 4R IRGRI 20 25 kGy
[ Co-60 HFEEAIRFEHEATINTE . S CE AR MC3T3-El NE IR SR, 4ifiks9%3Ei%E ] DMEM
(Dulbecco’s Modified Eagle’s Medium) F£& % 10% fa4-1fiE, &N 37°C, BENEH 5% CO, I
VRIS . Bidve. WERE MR RERS = 24 JUM, AL 1.5 mL %8 1.0 x 10° cells/mL {41
BIF. ARG TR 1d 4d R 7d 25, S DU AR AR SR Lh (k. (MTT) 20 MR R i Rl 4
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WIS TE G O, AEARL S IR P AR FLINA 1T mL

; ey N 1y H: Hydroxyapatite
) MTT #9285 (3 FH B AR A 490 nm F3 MM M: a-Magnesium
KR EIROERE . MR 4dfM7d 25, 4 H

- . i H
SR P % 5 % 4 B XR B (Reverse b L.
Transcription-Polymerase Chain Reaction,

RT-PCR) HiA (B XK N GAPDH) &+
BN AN AR IC . RUNX2 B 1. M
R EL (OC) ARG FT (COLT) k. s M AN
& 2 3 SPSS AT EE A, AN S5
HHAT 8 YT B 36 E5 A0 E5 e
20/°
2 LB Eip B 1 (a) A 0.13 g Na,SiOs # R v ik 15 Bty %
Efu (b) %4 2% # XRD 1§ &
Figure 1 XRD patterns of (a) the coating prepared

2.1 Na,SiOs RN E X A R EA AR L 1 RER! with 0.13 g Na,SiO; addition and (b) naked
A magnesium alloy

NT A RED R BKARE A
W RIE RN NapSiOso B TR IERNTIRRYE, NaySiOs TRV K R AE 7K Al S B Rk 1 i
[Si(OH)4] 1o A T HF FE M I Na,pSiOs WRINERT G E A . FES Ak 2 PR REIOsE 1%
P pH B R 2 N 6.30. XRD MIHRE B, ¥IN0 g, 0.13 g f10.26 g Na,SiO; I i A5 2 1)
BRI AR LR A 454 . LAV AIN 0.13 g NaySiOs B-EIR93RE i, H XRD i E WA 1 (a)
e SEEGEEA T XRD IEE (B 1 (b)] ML, RERERELE 20 v 25.9°81 32.2° 1A B AL H I
TINTTRIEBE KA IR AEIE (JCPDS No. 74-0566).

ISR NapSiOs 15 B R IE B ACA 1 2 IR TSN B 2 frvs A AR R A [ 2 (2)+(c) AN
(©)], KI Na,SiO; i INE N 0.13 g I3 2| IR E LK IS5, AU NaySios 15 21k =R A
WIHTE B 24 NapSiOs iNINEA 0.26 g I, 15 B3R EBE A iR /2 R H L R RL0 XFEUAR R

& "~

B2 EAmAE & NaSiOs B B R F R B A RS AR ERENR
Figure 2 Surface morphologies of the hydroxyapatite coatings prepared with different Na,SiOs addition:
(a,b)0g;(c,d)0.13g;(d, £) 0.26 g
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O E [ 2 (b)s (d) F1 (D], KN4 Na,SiO; NN 0.13 g I, 152/0% 2R 11N LR 5
A5 AN NapSiOs B, 153 B3R 23R TH B 28R R A AR SR Z2 A6 i 24 NaoSio; IR &R
0.26 g If, F3RIFERZ R I A KR IR

TERE AR N, ORISR e, VA R E I T =t i 1 S AR B AR A
UKBN 7, BETT R FR S I M VR AT H o RS A AL RN, TV R R 1 F25E (OHD)
i1 Si(OH)4 1 Mg(OH), JL[AI#2 it . Si(OH), /& Fi Na,SiO; /K75 ; 17 Mg(OH), M EXTEEA & k4T
B AL FE I FER T BRI = . 23 () A0 AR PR A U i 7 R B A [F) B PE A i AN B ek
5] PO A SAZ A K. B NapSiO; YR H 0 g K% 0.26 g, i A TR P REVE IR (19K
FEIRHHE R o M AR AS S RER I, FREBEKA e E R %, BT LA B0 20IR S i b
M AR R SRR L Z I (80 0.26 g Na,SiOs), ZURSE R A A T B R, B THRERLA
P, HEm e ARG ik, REEEGERET (Wi 0.13 gNaySiOs), fEFR A REAE 8 20K AR TE
BEAE&RMYS . BUEHITR, A ESSINEES &H SR .

FEVRIR IR T R A5 PRI B AR ALV E I 2 b, 38 AT RE N R W7 S BUIR PO A T e 3t
NEFREE A ks P RE R &, WTE 2 oA X7 EDS i, 4SRN 1 fs. Frfe 31 eES A
PRI K AR Z A Ca/(P+Si) BERELZI N 1.14, /NTRRIERE KA FEE Ca/P BE/REE 1.67, X5
AR Mg BEN TR SR EUR Ca®s

WS 2 R L A 2 T i F2 0T | R U

(10-x) Ca™" +x Mg + (6-y) PO,* +y SiO* + (2-y) OH — Cayo,Mgx(PO4)sy(SiO4)y(OH),

THEA, x4 3.16, y 218039, 24 Na,SiOs Ui N 0.13 g i, fil il Si/P BE/R LR 7.6,
WK T3 BB R B KA IR JZ 1 SI/P BE/RLE (0.070).

ISINANIA] NaoSiOs I A3 2 1R 1 LA e R RN 2 B, BRI PRER S,
FIREE (NaySiOs IR INEN 0.13 @) BAEBKMIEMERBIL, N 43.3 kQ-cm®. AR Na,SiOs )
LR T ZUR SRR, RER RGP E R, BT AL s R A/ (261 kQ-cm?),
ST Na,SiOs RANE N 0.26 g ikke, HRE MRS, Bk i@l g E Nz, it
MR BIEE & S FE A, B DORBE R B EE RS B S /N, 8 9.3 kQrem® s FHILTT UL, S 9 NaySiO;
A INE R 0.13 g NSRS R LB A IR ZRINECE . T8, HiFE AR A B bt
TELL N HITHRH, NapSiOs P IR [ 2 9 0.13 go

K1 BBRAEREKARE NS HIE
Table 1 EDS analysis results for SiHA coating

Ca p 0 Mg Si Mole ratio of
wt% atom% wt% atom% wt% atom % wt% atom% wt% atom % Ca/(P+Si)
2986 17.19 19.01 14.16 41.09 59.27 8.83 8.38 1.20 0.99 1.14

% 2 A fm A 6] NapSiO; B Bk B VA 7R AR B WX A 1y B 7o 35 4% EL[EL
Table 2 Charge transfer resistance of the samples with different Na,SiO; addition

Sample No. Na,SiO; addition / g Charge transfer resistance / kQecm’
1 0.00 26.1
2 0.13 433

3 0.26 9.3
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2.2 WUKRREY pH EXRERHMBELF RN

HIFFCIR U, FEREER AT RN, BN H Ak IR Eh 7 5 s s pH
LI R PE T UIAR IS pH R3S KA VRGP PR T i o i v P B A i i A R AL 22 i
2. BLAh, AEEIREN TR MR A B A TR IR RS, R O B S e M ORI E AT, NIEA L
WEFC T T IR pH BN B WA T J2 P SR LA 2k BE O R T o

AT pH BB A B RES R REBE AR 2 R TSR ZEAR, W 3 fros. Sk
W pH {EN 6.25 I, FRIKTRZ KRB ARSI PR EHAT AR [ 3 (a)]; HRGE I pH
HN 630 I, RENEREZERAXUZEH B3 (0)]: RENZREME, RZNKFIREE TR
WRETCRB W 3 (b) FiEE ], Hd, RIRZREA P72 B iR E KRG s
W pH BN 6.35 I, REIKIRZERZ SRS A T —EWHER, SBOLBUERZ TR, A<al
SRR ARG [ 3 ()]s ABaE I pH {EN 6.45 I, RIKIRZRZE SR A4 T ALY
SIHE, AERER ARG AR (83 (d)]): HRBIERIN pH EN 6.70 I, [EIKIRERZ R
RERAFET - ERIR, ERE T RERRE Y, RN S A B A IR AR IR (B3 (e)]. A
BRG], BB AR BB AR B B KA IR E XRS5, R BRI JZ SR TE
R SR pH A% DI G o

N TSRS . SRS IR R B WUZR 2, s ) pH (HI%E N 6.30. 1M
PR pH AEE /N (0 6.25), WIS R IEBEACAHT H AL ARSI TR AN, S BER IR B IARAGENT
tH, REBFREKREE, XA Mg-OH Lt Si-OH H A B iRif SRR KA A% Re ) 45
TR pH ALK (W1 6.35 ~ 6.70), WIRES A FRIL WA Bt (AL 2 0KEh 1d K, S ECR)Z d ik
AR JZ SRR B 2T O T FAREE S 2 PR WA e MR A B T ) S T e 0 R0 PR 53 2%
IR AT AR R TR . A, BT REB AR R 2T, S BN AR Ca® H PO,
PRIV RE T B, ANBERSAEVRURE Ak 27 S BE I AT H R 06 RS2 A, BITBL pHL BN 6.70 BACB 1S 2]
(R R RO T RIIERBIRY . [FE, S EmR+ ca® M PO, MEZtha SEURE MAL

E 3 Bl pH 1E BB B R AR E Bk B R B (a) 6.25; (b) 6.30; (c) 6.35; (d) 6.45; (e) 6.70.
(f) 74 pH=6.30 B9 HH & B 17 2| in Z B E AR
Figure 3 Surface morphologies of the coatings prepared with different pH value of the microwave solution:
(a) 6.25, (b) 6.30, (c) 6.35, (d) 6.45 and (e) 6.70. (f) shows the cross-section morphology of the coating prepared
with the pH value of 6.30
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R R, RS2 FREE M

N TV RS Z R I AR JE TSR B S R E FH I sg e, XEARE pH B R AT
FIFRAEHT TSI, S5RATR 3. WA B B SIRENESE DI, Bf
BB R RGPS 2RI R AR (pH = 6.30) 23] 7B /e, HR g e
BOK, N 433 kQ-em’.

& 3 T pH 18 B9 R VS AR B B9 UM By B AT A e B

Table 3 Charge transfer resistance of the samples prepared with different pH values of microwave solution

Sample No. pH value of microwave solution Charge transfer resistance / kQ-cm®
1 6.25 12.0
2 6.30 433
3 6.35 38.5
4 6.45 29.0
5 6.70 10.0

23EBEAREMRABEESSWMREEM

HErfEL,  “EEBAT A T REBIKAIRERZERSEMECER, dmigs 17 Bl
PP MO AR pH AE N 6.30 B, 53| R A B AL =BT . X T T B AR & S
ANV, AR & —EWm iR, [FRGERZ R & — E MBS . L Na Sios IsInEN 0.13 g
BRGSO BB & NN, BE KA OEESS NSIRE, BT TR
SERG . REMERTE 1d 4d M 7d 25, EH MTT 340 A AR R T 40 B A 1 o, &5 R an i
4 ffi7R .

ARG PE AR B R R, BEE RE IR A A, PR A PR S 38 R B, X2
TR M35 TR I EE & SR Wi b S BUS R B LIS R . 31597 7 d 5, BEBRREMKAAE
BRI TER 44%, BEETREMKAOBEES S 32%, XEHTEBRBEMKARE
NEG SR TR R ER, IS 15 IR R AL .

ASLISHT IO AZ31 64, HAG MMM ZE, FrblgA X 8a it

TAMARZVEIAR . 7E Kim 2 AR 7T,

00 NG FE 7 d 5, FLA e o B AR
I HA coated Mg alloy MHTE LA RL) 10%. FHHEETIM, Aszie

B0 S Ronhy FEFITEG AZ31 BE 2 S BT (LI PR 2
2 al B P R 2 R 2 52 R A
= o SR R A A A AR (
= 4or RUNX2 #3571 B S 2 (AR A5 2 1) ok
ol VP 0O AT 5 5. P 40
SRR 40 09 = A B B B A ATSE BR  F

%1 2 3 4 5 6 7 @ B R BRI LI B o 16 5B AT A AR

Incubation time / d — =140 S g = S
[FIFT B, ANFEFRICY) A RIE AR 78 5E 4
4 REMMESRRFREERTE RS EN
B4 RRERETE S SRR TARAES im0, RUNX? H TR T I
Figure 4 Cell viability of different samples after AR 1 YR A 2 B A A o 1) 3=

being cultured for different periods. PR AN s B R R AR B 4 N 2 i
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Hé, VBB IREBICARE LT R ERE R . HE S (b) MBS (o) WLV H, 4R
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Figure 5 Semiquantitive RT-PCR restults obtained on different samples after being cultured for different periods:

(a) RUNX2, (b) COL-I and (c) OC
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Microwave Preparation of Silicon-Substituted Hydroxyapatite

Coated Magnesium Alloy

SHEN Si-Bo', CAI Shu', XU Guo-Hua”, LING Rui', YE Wei-Qi'

! Key Laboratory for Advanced Ceramics and Machining Technology of Ministry of Education, Tianjin

University, Tianjin 300072, China
2Shanghai Changzheng Hospital, Shanghai 200003, China

Abstract: In order to improve the corrosion resistance and biological performance of degradable
magnesium alloy, in this work, silicon-substituted hydroxyapatite bilayer coatings were prepared on
magnesium alloy via microwave aqueous chemical route for only 10 min with Ca(NOs),-4H,0,
Na,HPO,-12H,0 and Na,SiOj; as the raw materials. The coating consists of cotton-like crystals as the
surface layer and strip-like crystals as the bottom layer, and the coating thickness is about 9.9um. The
influence of Na,SiO; addition and pH value of the microwave solution on the structure and
performance of the coated magnesium alloy were investigated. The results indicated that, compared
with hydroxyapatite coating, silicon-substituted hydroxyapatite coating improved the protective
effect to magnesium alloy as well as enhanced the osteoblast proliferation and differentiation.

Keywords: Silicon-substituted hydroxyapatite coating; Magnesium alloy; Microwave
preparation; Corrosion resistance; Biological performance



