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Ak SOt T i S iRk BERR SR, AR A RE
EXC P, EDC ZZHKH HA BRI B A 25 Fa5E 1158
JEE i I L 4 AR 7 4 4 s ). Richert Ludovic M)
% H EDC/INHS 22 B B it BR 4 il £ 1 SR & e (PLL)
HA ZIIREE A IR)Z, 85 R R A2 e T DR K s
2 B R TR AE A 2

R UL AEAA e, B 7E aliBE R - TF R RE e/ 28 Bk
SOPE T R AN K 2 Th R B A IR = .l I 7K Fiih 4
digER MR, MR E AT EERENYINE R
LB (Mg-OH), 1F 4 B A LRI 1A 0 5 i A 2 e
ks & i RA BTSE EbtAb#—7
THT A2 AR K MO 3 2 A b e, 59— T AT DU e 2R A7y
WAERAER EE A% EDC\NHS Stk 1935 B 5 2 4
W2, MRS AT A= V0AH 25 1 LA R it 5 v ) 22 Th e
W2, HigH FTIR. XPS. AFM M1 CA J5 vExf H 47
YA BE 23 B DA B FH B 25 %Ak i 42 70 H AL 2 BB 7 1
X ¥R 2 Sk AT /AR, W X RRHE A%
J2 0 F T ) 6 B R G PR S Tk R . ASHIE AU
SRR Jot AN A8 s B T R B 2 Uk 2 AE AR ) R 2 AR Y
J7 FH HR AL Al

1 5 I

1.1 MR

SlEE (TR 8L 99.99%, T FE 5 4 B AR TR
AF]); 1,2-2 (= LRFERERE) 268 (BTSE, 4l 99%,
R HAR R ERA D B R (38 L
W TR ARAR, 828100 73, 205 97%);
1-(3- R R JE)-3- 2. 3 i — W E #h iR &k (EDC, 4l
FE 99%, LW Rl TRHEARARD: N-FREET
B0 e (NHS, 2675 98%, BKFEEAMBEAEGRA
Al); ECE MR (SBF) f1%: 5.403 g NaCl,
0.504 g NaHCO3, 0.426 g Na,CO3, 0.225 g KCI, 0.230
g K,HPO, 3H,0, 0.311 g MgCl, 6H,0, 0.8 g NaOH,
17.892 g HEPES, 0.293 g CaCl, #l 0.072 g Na,SO,.
1.2 HoHES

BER& TERENE 1 FiR. FIESHaESEN
2E V)% 1.5 mmx @15 mm FIRFE, 10 4847 BE 2 10004,
FETC/K B AT PR TG e J5 T4 A NaOH ¥ it
ZET/KAE pHER 12, SRJGEHEIN 50 mL 7525 &k
100 mL [ RZE, il 1 d (T )R R A K #hZ
(120 °C, 6 h) 7 2l 8 3¢ i ] 4 S A A BRI, [F) IS 2 1
FRFAG Y L -OH B8 DA i BE 4 A5 S0 b 7K A = 7]
&4 RE 4, 1d N Mg-OH.

Tk e A1 BER 751 15 4% 5%BTSE, 90% E/K Z.E%, 5%
ZETFKALBNR S, =R FEEKME 48 h 5 5
AHIE-Si-OR 1 e /KR T i-Si-OH. @il 1 A (1) %k
Bk Ab B SO S TR AEREGE VA TR 30 s, REEEAE I
& _F W B 5 & A2 R Si-OH + Si-OH—Si-0-Si, PL&
-Si-OH 53LAAR M I Mg-OH TR . £F T ik
Tm#E AL (120 'C, 1h) B RAERKN: Mg-OH
+ Si-OH—Si-0-Mg, “Ei% Si-O-Mg i, 3 f b Al JE 44
GiGAE—i, BEAENEECH, B kA B R R
ARG, EFERFRN Mg-B.

F 2 B /K383 B R R B Al EDC/INHS i # R b
B9 8:1 HIVE W, P FH TS 1R B S A ARV VU 1Y pH B
N A.75, SRJEHERE IR B I B RN VA TR, AR
Yo /KR J5 R i Si-OH AT HA _E i C-OH kA= e W 45
HAE—HE, BEE T, 128 Mg-B-CHA.

1.3 BUMEEZERENUESENK

LLAMEIEA 3 #T4% (Nicolet iS5 FT-IR, USA) 43#ft
WIZE R, ORIV & A 4000~600 em™;
Wi X PR T RERE{C (ESCLAB 250Xi, Thermo
fisher scientific) it — 21 € iR |2 B, Al Ko #2045 #
BEE R Avantage B ExE XPS #3473 LA .
1.4 FREFIRZAEEENR

KT /1858 (AFM, MFP-3D-BIO) 4 #ifiE
SRS LA R R TR S I gor AR AT B A 34 .
1.5 JEEMEMK

TR PE RAE R TE =00 R A% M i (HARKE-
SPCA, China)ill & A% it 2 T (1) 7 & K i i, RIFHZ) 5
nL (25 B 7K BB R T, WS4 fl A K/, MK 5
R, WO .

(I) hydrothermal method | | | | |
(II ) Silanization

(BTSE immersion, 30s) < >
(dry, 120 °C, 1 h) ]

=

— Hydrogen bonding,

. pH=12.120 ‘C, 6 h
Magnesium

Dehydration condensation

(dry, 40 °C, 48 h)

OH COONa
(1) Mg—> Mg~ — ﬁo ‘ﬁ" e
2 o meTT 0 V J 0. NN on N
Mg* +20H %Mg(OH)E\L ) S0 S 0. (OH O
/_ O ‘ HO \N—/_
(II) Mg-OH + $i-OH —> $i-0-Mg + H,0 <) <’ N O
$i-OH + $i-OH —> 8i-0-Si + H,0 $ o
BTSE HA

K1 WES T Z0E

Fig.1 Coating preparation process
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1.6 HBALZEMK

F, A, 27 0 2 8 2 38 FH TG 4% A s 1A = 2 LR ) LA
S TAEYS (CHIB50E, Eilg/REAIAIRAFD, Hl
BN TR (~1 cm?), SAHM R ERL, A
HR®EW (SCE) fE NS LM, B £ R 4
RAEBAR (SBF) T HEAT . Bhas il b il 420 & %
FH CHIB50E F b 2 T AR ul EAT £ 4 R A A AR, F94%
WAL 10 mV /s, FRTEEIY-2.4~0.6 Vi FHHTIE I
K H CHI650E #EAT #i4f Rk 4E, #i%Z& 0.1~100 000
Hz, #EiE 5 mV, FFIH Zview HA44x Edait—2
T

2 #R5T

2.1 BEEB FTIR 1 XPS &%k

2 JE7R 7 Mg-OH, Mg-B, Mg-B-CHA 4L 4h
i . #E Mg-OH 1, 3691 cm™ b4 B b1k I A A
SALEEFK-OH B BE M 78 Mg-B #, 1012 em™ &b
5 F R IS R B /A AE Si-O-Si i, X REKEK
il i T P = 4 A R £ #1270 em ™ Kb & -CH3 (W i
i, 2893 cm™ f&-CH, (M H 4R 571, Ll K 7 3691 cm™
AEVHPR T Si-OH 1 4a 4k 3), FKHH BTSE /Kif 5 fE7E K
SN

HA 22 Bk 5 4 J2 o B H B0 BA B 1 Si-O-Sii JH i,
1613 cm™ &by C=0 Fifigld, 1274 cm™ Wy id sy
C-N, LLK7E 3316 cm™ 45504 K C-OH Fi ik 3),
IXEEH R W T I W R IR AN R 2 I R h ) % . 7E Mg-B
Al Mg-B-CHA 1, #8A71E Si-O-Mg 4 (I hi iR sh, X
s& Mg-OH I Si-OH JE R LA . Bl Eadr s R
LA, HANRE CEE D R g B 23R 1H .

N T E R E I e R AU SR 25 A T
X, RHA X 2R i1 58 1% A (XPS) X kb 3 71T 5 1) 4l
BEHHAT e S, AR 3 M550, Mg-OH £ Z i
Mg. O JCRMHM: Si. O. Mg. C TEHFET

Mg-OH
3 Mg-B

o

3

S

3

< _\f,,m,z%w‘\[\

4000 3000 2000 1000

Wavenumber/cm™

& 2 Mg-OH, Mg-B, Mg-B-CHA 4.4 i
Fig.2 FTIR spectra of the Mg-OH, Mg-B, Mg-B-CHA
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Fig.3 XPS spectra of the Mg-OH, Mg-B, Mg-B-CHA

Mg-B #, FfH Mg 1s 5K £ Mg-B-CHA 1,

BB ANF 2 Mg 1s 52K, N 1s =4, (HAKIHAZLE Si
JCE, [HEREAFTFEAK, KB Mg-B-CHA iR 25 .
4R H T %03 0 s o P XPS % . B & AT 41, Mg-OH
) Mg 1s A i fE B0 1303.9, 1302.7 eV =&, DA
FAE O 1s I 531.24., 530.20 eV, 3
AT Mg(OH), 1 MgO, i MgO [ Hi I AT §E 52 7E 7K #
Ab BB AR 43 S A I B - Mg-B 1) O 1s I 7 531.62
J% 531.75 eV L I L Si-O-Mg Al Si-O-Si 3 [4]
Si 2p U RE B /E 101.78 A1 102.45 eV B, 43 %t
% Si-O-Mg I Si-O-Si s RefE, REALELT R
A T DL e i A e R A .

tH Mg-B-CHA 1] C 1s misr#ril Mg s, 7
284.44, 285.92 il 287.85 eV % {5t C-C. C-O.
C=0, #t—BEst V& W BRI = I il 2%, IF H.
7£ O 1s 1 531.5 eV H L, KK T T Si-O-C ##,
FHE W RN L C-OH 5 Rk k8 K 5 /K i J5 19
Si-OH K2R N AR Si-0-Co 2T LA LR FTIR
HXPS 431, % B iR J2 8] 43l i@ i Si-O-Mg A C-O-Si
M AR,
2.2 KMEHMEE AFM S

T RIS JE R AR R TR SR K e, SR H T

775 A o A SO PR R X S R S AT TR 1
MR, 0P 5 FE R A 7 4% J2 10 5 350 R AR 7 (16 KRS 5
KRG VEMALEETE 1000400 40HT BE 2 J5, R T RS 2

(Ry) 4 118.445 nm; FEALBEIEORFRE 5 IOGAH S
M E S, (BB R (R N 379.95 nm; B 5 )
FLRERE (R /N 96.213 nm,  Ff H BB F 100 HE
FI “oNlg”, X EEIHET BTSE RERE I = 4E50 5
(1) Si-O-Si ##: #E— 5 1 3 1 ok 5 U 2 15 31 5/


../AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/Word/С����.docx#_ENREF
../AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/Word/С����.docx#_ENREF
../AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/AppData/Roaming/Microsoft/Word/С����.docx#_ENREF

%1

Tr NS 45 2SRRI e % W1 0T IR B S U 2% 1A 45 ) B JE vk REATT

<307 -

w
3

a 5 b
a 3.0 4k
[&]
‘:9' 25 3l
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2 Mg(OH 2[ Mg(oH),
£ 157 il
10 I 0 L L L L L
1306 1304 1302 1300 534 533 532 531 530 529 528
7 35
c d
g
«_5f
o
—
X
>
2 3t
c
(5]
=
1 L
104 103 102 101 100 534 533 532 531 530 529
18 e 25 T
0 15 \ 20l
(&)
S 12 .
3 cc *‘ 15} .
X Si-0-C
} 9
k7 10+
s 6r \
j= c-0-C 5 c-o-C
3 - Cc=0
g | ~
290 288 286 284 282 0 534 533 532 531 530 529 528

Binding Energy/eVV

Binding Energy/eV

K 4 Mg-OH, Mg-B, Mg-B-CHA #1151 Mg 1s, O 1s, Si 2p, C 1s [1] XPS i
Fig.4 Fitted Mg 1s,0 1s, Si 2p, C 1s XPS spectra of Mg-OH, Mg-B, Mg-B-CHA: (a) Mg-OH-Mg 1s, (b) Mg-OH-O 1s, (c) Mg-B-Si 2p,

(d) Mg-B-O 1s, (¢) Mg-B-CHA-C 1s, (f) Mg-B-CHA-O 1s

(FIFLREE (R,) 48.453 nm, H.i& Wi RN B A 73
JEHT BRI, IX LG J2 A5 L 8 Al B8 ¥ P o' 1 ) 1] %=
KA E .
2.3 BUMBIEH MBS

F R T 5 N R AL 2B fid 16 T R A A 1 2
A EEN, RUFIIFRE SE K AR A YA
Z5 1 I B A . TE Al SR T ) A % P R 2 1 R E
FH LR Mt AR T AR A, T SR IR R 2 S
TEHE A R oh 45528, 18 6 o 1 2 T s o 4l B 1Y
FRAS TR A A, R EME AL BE R I K, %

fili /1y 68.3% T K FAAEEE JE (1) Mg-OH 340 7 3k Z 1
FkME, B AN B 13.49 X T K AL HE A 4
BRAR MRS K 5-OH Fe[l, HRH A 2 WA,
ME R BT HISEKYE: BTSE Rkl g ik B R #&
DL B K, Al Ak ) T oK 102,59 X EEIH
(KT BTSE /KARJE AR Si-O-Si A BRLE ¥ DL J2-OH 3
G (99800« 4t — 215 325 B Jof T 0N P 0 2 5 T SR AF- 28 /K
FEfb MUk /NE) 4569 IX % IF B IR BN BE A AE SR K PR
B, RIEMBLIESEM . SRSMEMABEMEL, T8k
% B R R AR 2 R e AR T AR R
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0.31 pm

-0.34 um
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-0.07 pm

5 SBR[ IR 2 BT S AT R
Fig.5 Morphologies and roughness of different coatings on pure magnesium: (a) without coating, (b) Mg-OH, (c) Mg-B, and (d) Mg-B-CHA
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= 45.6°
£ 40t
o
o

20+ 13.4°

0
Mg Mg-OH Mg-B  Mg-B-CHA

K16 AT A S ) 42 fish A
Fig.6 Contact angle of the different coatings

2.4 BUMEREHTE R EE ST

N T AR ENRZ W R R, A AR S B
ARERRAT T At R BUREIR. B 7 SR TR
PR AL B (R S FE ARV R AL T 2. AN AR
Bl — S HOAER 1. EE 1R, SRt
(AR BEAR LG, P oSO iR 38 B e 1 B S e
B BARKI B R R . Mo FLIE 7 (08 ol L o 2
B 5 i 2 IR0 et I T Rk /S, 3R B Al P S ol 1 R
AR R HE e 5 AR AL H I 2l BE M L, Mg-OH I ik
P BRI T 20 1 A, F il A 1 K-1.97 V Ft i 2]
-1.71V, Mg-B (1)) i F I 25 FE el 120 2 N EE L,
F W BTSE fif Jov 58 5. 25 b 354 01 1™ 4l 656 1D 5 et 2 e o

BELE IR R AR Tk 3 v KPR Mg+2H,0—

log(I/A-cm™®)

© o U &H &b A L N

30 25 20 -15 10 -05 00
Potential, E/V
7 BB Mg, Mg-OH, Mg-B, Mg-B-CHA ({1t 4k i 2%
Fig.7 Polarization curves of the Mg, Mg-OH, Mg-B, Mg-B-CHA
in SBF

A AEBMARTR B EAE R R T T R B B N R TR AR L
Table 1 Corrosion current density (lerr) and corrosion

potential (Ecorr) Of different samples in SBF

Samples leord A €™ Econ/V
Mg-B-CHA 2.182x10° -0.81
Mg-B 5.588x10° -0.68
Mg-OH 2.182x10° 171
Mg 242410 -1.97

Mg(OH), ¢ +H, 1, LB Bi: 2H,0+2e™"— 20H™+
Has  BHAR RN : Mg—>2e'1+Mg2+o afi 85 24 ok K B Ak B
133 Mg(OH), ik f5, H s B 3 AT 0 BH AR J B 32 2 % AE
AR L, 1T Mg(OH), I ARfa g, AAgse
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PHIE TR AT RS, DR 5 AR S B AH 5% 1) T 3
BERTDAYERSE 2 R 7, Wl DAERLE B07, HRAM +
21 N P Mg?*+2C1 —2MgCl,. i BTSE #ffi i
SEAE SRR LT B0 — )2 77 [ P 184 7K 1 A LA I 2%
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Table 2 Parameters of different samples calculated from the fitting of the experimental impedance spectra

Samples RJ/Q cm? Ri/Q cm? Re/Q cm? CPE#S"{Qcm)™?  CPEw/S"{(Q cm?)? 7
Mg 8.008 1203 1.494x107° 9.3x10°°
Mg-OH 16.13 1192 1.489x10* 7.317x10° 9.305%10° 1.1x107%
Mg-B 20.4 5619 2.517x10* 6.887x107 9.356%107 3.8x107
Mg-B-CHA 39.3 6849 3.508x10* 1.59910°® 7.181x107 45%10°
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Structure and Corrosion Performance of Silane/Sodium Hyaluronate Composite
Coating on Pure Magnesium

Qiao Liying %, Lai Ning *, Li Wei', Wang Yong"?, Wang Weilang*
(1. College of Materials Science and Engineering, Chongging University, Chongging 400045, China)
(2. National Engineering Research Center for Magnesium Alloys, Chongging University, Chongging 400044, China)

Abstract: Pure magnesium has become a barrier to surgical transplant materials for its rapid corrosion rate. In order to control its
degradation rate, this study presented a two-step procedure to prepare composite coating by BTSE(1,2-Bis(triethoxysilyl)ethane) silane
treatment and covalent bond grafting crosslinking modification sodium hyaluronate via EDC-NHS. At the same time, the physical and
chemical properties of the coating were analyzed by infrared spectrum (FTIR), X-ray photoelectron spectroscopy (XPS), atomic force
microscope (AFM) and static contact angle method (CA); the corrosion resistance of the coating in simulated body fluid was analyzed by
electrochemical behavior. The results of FTIR and XPS show that the composite coating is successfully prepared on the surface of pure
magnesium. Other results reveal that the surface of the cross-linked sodium hyaluronate coating is smoother than that of bare magnesium
and silane, and also takes on hydrophilicity, improving its biological activity. Compared with the unmodified pure magnesium, the
corrosion current density of the composite coating is reduced by two orders of magnitude, and the impedance value is increased by three
orders of magnitude, demonstrating better corrosion resistance of the composite coating. The results indicate that the composite coating as
surgical transplant material has great prospect in medicine.

Key words: pure magnesium; silane; sodium hyaluronate; coating; corrosion performance
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