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i b AT AT AU B 3d = Fp o 45 A B,
T T B 1 4 LA A R A 00 £ BB T RB VR 2 . MR OG5 E i M
K OIRIE . A TAEZ R A 0 — OB 19 28 P 251 L Pk e
1 MgAgHA/BI i A A E &k 2, IR A FTIR, ICP-
MS, SEM, EDS., XRD Fl i ot 36 58 £ S5 B R X ik )2 By = M
TSR FAL MR RRHEAT RAE s X E AR JZ R E MC3T3-E1 41 il
14 A 0 2 e 1 DA R B FDORG B RE AT TR ST, AR R
JZ B AE B A AT 0 F AT
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1.1 Mg-Ag-HA/BIRH IR Y ) %

K CP-TiC4i B 99. 98 Vo) 1 Ky A A kb, FHRSFR 10
mm>X 10 mm X1 mm W J5 . H56, T 2407 —12007 4 A1
WU R M AT IO B . RS, 100 ERER . 10901
EER AN 80 %0 ) H, O 21 B 1 ¥ WA B fE AT ik %0, LA i —
AHURE PR . FAJGK S BE . TR AN 25 8 F K X FE & 43 )
FREAERYE. 4% 10 min B, ¥ 2.2X 1072 mol » L' Ca
(NO3),, 2.5%X10 % mol » L' NH, H,PO,, 1X10 ? mol -
L' AgNO, f1 1X10 2 mol » L™! Mg(NO;), AT 1 L A2
M, SRIGTE R R A 1 g Wi, 1HIR 60 CKi
JifEFE 1 h, B 10 min, JWEW M pH Jy 4.4, B4 HA
WEAE XA . S0 F A R B SR A RAF
1) LK2005 A BUrL Ak 2% T AR S . $aF Hfim A 150 mL iy TR
W 25 mmX 25 mmXO0.1 mm ) Pt FFHMK, CP-Ti KA,
DI AR BE RS 1 om, BRI B RN HEAT AR TURR . IR 21
il B i B A 65 C L HAR WA E R 0.9 mA « em &M F
42 30 min,

1.2 Mg-Ag-HA/R R By RAE

K H SEM(JEOL JSM-7500F) Wi %% £ i 32 i % 55 9
EDS(Max20 EDAX) Xt £ i ik 47 18 43 4 #15 Rk A D/Max-
2500 B X-I5F 2R AT S ASCRS DU ¥4 2 1 b MR R . Cu 48 (40 mA,
40 kV) A=0. 154 06 nm, £ K 0. 06°,

1.3 Mg-Ag-HA/BAR & B M4 Hh e i

* ] Nicolet iS5 A FTIR ¢ % Mg-Ag-HA /B I i) & ]
PR BT 501 KB F MR JZ S KBr #2818 1+ 100 19 L 4
WA HREE: 4 000~500 cm ' 43 B30 B E A
4em™, HEESE M 16 K.

1.4 ICP-MS #ill Mg-Ag-HA/FRRR E A MR E R ME

TR Mg®t M AgT MERLEE. 37 CT . % Mg
AgHA/BIE R B #H S BB A 2 mL B8R #H % of K
(PBS) (24 fLAR Y, 43 000CE 1, 7 #0114 d SR [ By e B
FER, AT I A E B & 2 mL B & 1) PBS %
W, SR B G 55 B R B3 (ICP-MS, 7700, Agilent
Technologies Inc, USA) kX1 2 BT Mg Ml Ag ¥k &
PEAT SEE W
1.5 FhEYFEEXE

¥ 6.547 g NaCl, 2.268 g NaHCO,, 0.373 g KCI,
0. 358 g Na, HPO, - 12H,0, 0.305 g MgCl,. 6H,0, 0.278 g
CaCl, , 0.071 g Na,SO, Hl 6. 057 g(CH, OH);CNH, &k ¥
fit 3] 1 000 mL Z &g ¥ oK, Hil BRI (SBE) . 1M /5 7E 37
CR AW pH N 7. 40, JIEAIRE S 28 Tk vk
Ja . SRIGIAHI &89 SBF ., %k 7E 36.5 CHHIR T &
B 1 d 4k —3K, 5 d JFHUFE,

1.6 ZHREHG M SEI8

FEINA 10% () B 2R 3 . 10 pg « mL™' 19 55 5 % (In-
vitrogen) Al 10 pg « mL~" ) 5 F M I A B 77 3 (- MEM)
B H MC3TS-E1 g g il . FAE S 120 C k281K K
W 20 min, JF7EREEASFEA b4 Bl B A0 i 5 B Dy 12X 10°
cellse mL™", 4HfERE 3% 1 d J5., WAL . Bl R A,
Fi PBS G v R gk H . 3 PBS, A 2.5% % " AE 4
CFREE 3 h, FHl PBS B4l — W, RIIEEE L B0 WO 4
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[ 1], M5 A Mg #l Ag 8§ FRIUIR LG, EEWREN
BRI RIS S B R RO LCo ], ki 2 4R 4 A
CE 1) T, LB A A0 B BB, (BRI 5IA S B30k Z2 4510
REELE 1) I, H W 3 Ak 7T RE i T E AR R P A 4G
Fgrp Mg™" 5IA, i1 HA SR AEKZR, WSS
B— AR AL AR PO AR 1 Ch) H TR A Mg-Ag-
HA/WI R Z R e 5, B WIEE L 10 pm ¥ 5]
JBE, ST AL R WLy R R/ BT, SR R AT

2(b) g Mg-Ag-HA/HI IR &R )Z2 1 EDS fEig 1A, %
WZH &4A Mg, Ag. P, Ca, C L O L&, HH (Mg+
Ag+Ca) /P Ry FH L2 1. 31, Mg Wi /-84 1. 21

Fig. 2

[ 3 Jy Me-Ag-HA/B] i 2 19 XRD & #%. 5 JCPDS
09-0432 ki HA i1 55 B REAH LG . WL BIARAE P HA 17 5 0
AR Ti AT oF 0. B WL 46 2 b ) B AT S8 U 3R R AE
(002) ST 30 7 PR AR . ELZE S BEREAFT . 5 Chang''
SERORT USSR — 80 VLW B A BE VS S BB LA OB B 5t
M. fms Me-Ag-HA S50 . H M ILBUATE Ti KWk

B FER 1

Mg Kal_2

W%, Ag TR B0 0 2. 94 Welg, 20 525615 2 iy
Ji g A5 A Mg fl Ag BT3B HA B 532, B 2(0mn
WY MgAgHA/BIIZ G Y EDS H4 R, AT RY
SIH AT TR . R BEAIROT R ST 2 B HA /Y ik
R

(a)

e

= Sy 1000 24 gimact 00
E 1 HARE(a)f Mg-Ag-HA/BIRGRE (b0 o) K11 A
FEMEE; Mg-AgHA/PRAEBBENAKE T
EREE(d)

SEM micrographs of HA (a) and Mg-Ag-HA/gelatin

coating (b and ¢); The cross-section SEM micrographs

of the Mg-Ag-HA/gelatin coating (d)

Fig. 1

B2 Mg-Ag-HA/FAR R EH EDS BEE B (a 70 b) ; Mg-Ag-HA/BAR R B EDS BEE 34 B ()
(a, b) EDS spectra of the Mg-Ag-HA/gelatin coating; (¢) EDS mapping of the Mg-Ag-HA/gelatin coating

HA SR8 S BT Ti R, W 002) fh £
K. XRD &3 b o I W] 0 B A9 A3 S5 06 o T RE SR X1 g WD
Shy 355 455 ot 00 DO T TG A 0 )
2.2 HREH FTIR $ES

4 2y Mg-Ag-HA/ BB ¥ J2 i 48 B 78 4 21 40O 3 .
WZ AL HA (L2 2 A AR g i, 3 443 em R AE
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Fig. 3 XRD pattern of the Mg-Ag-HA /gelatin coatings
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ARG AR X 224 o R, Mg B 7 0 BT LUK
TR )2 A0 AR 280 Mg A S A2 W3 1 70 3R AT DLAT 2 AR
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Fig. 5 Amount of delivered magnesium/silver species per sur-
face area released from the Mg-Ag-HA/gelatin coating
(a, b), static incubation, 37 C in PBS
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B, 8 H Ca/P 4 BIJE 1.3, & Cay, (PO (OHD, HY
T2t L 1067, n] WKL R B DR Y S B B HADY i
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E 7Ca, by, JEC 1022 F1 963 em ' POY B4 PR shig,
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Fig. 6 SEM images (a and ¢) and EDS (b) spectrum of the Mg-Ag-HA/gelatin coatings after immersed in SBF
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Fig. 7 FTIR pattern of the Mg-Ag-HA/gelatin

coatings after immersed in SBF

(a) MC3T3-E1 B B i f87£ Meg-Ag-HA/BIR R ERE
BEFR1IAUEHAKBEFEMER; (b) MC3T3-E1 B
FHME Mg-Ag-HA/FBRRRBEREIEF 3 d LEHH
ERAEERERMER
(a) SEM morphologies of the MC3T3-E1 cells on the
Mg-Ag-HA/gelatin coating for 1 day; (b) Laser scan-

& 8

Fig. 8

ning confocal microscope images of MC3T3-E1 cells cul-

tured on Mg-Ag-HA/gelatin surfaces after 3 days of culture
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Abstract Fourier transform infrared spectroscopy (FTIR) has the advantages of a low test sample requirement, high sensitivity
to characteristic groups and simple sample preparation and analysis. Inductively coupled plasma mass spectrometry (ICP-MS) is
important because of its high detection rate sensitivity to trace elements, low detection limit and ability to analyse multiple ele-
ments simultaneously. Synergistically, the use of FTIR and ICP aids in the rapid identification of chemical elements and groups
of functional medical materials, thereby providing new design ideas and theoretical basis for the development of bionic medical
antibacterial materials. Hydroxyapatite (HA) is used in thin film materials because of its excellent bone conduction and osteoin-
ductive properties. Titanium-implanted surface HA film is currently in the clinical application stage, but the brittleness and lack
of antibacterial properties of HA often lead to implant failure. Thus, a bone-promoting functional coating with good wear resist-
ance and excellent bacteriostasis must be developed to address these limitations. This paper presents a method for preparing a
bone-promoting coating on the surface of titanium with good abrasion resistance and excellent bacteriostasis. The antibacterial
ion sustained release law and biological activity of the coating were studied. For the first time, a gelatin, silver (Ag) and magne-
sium (Mg) ion-modified hydroxyapatite (Mg-Ag-HA/gelatin) antibacterial coating was prepared on the surface of industrial pure
titanium. Ag was introduced into the HA coating to improve its antibacterial properties, while Mg was added to improve the bio-
compatibility of industrial pure titanium. Gelatin could simultaneously improve the biocompatibility and mechanics of HA. The
release and sustainability of Mg and Ag in the coating were determined using ICP-MS. Morphology. Ca/P, chemical structure
and crystal structure of deposited Mg-Ag-HA/gelatin were characterized using FTIR, scanning electron microscopy, electron

diffraction spectroscopy and X-ray diffraction. Results showed that a Ca-COO chemical bond formed between the carboxyl group
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of gelatin and the calcium ion of HA. Gelatin and Mg-Ag-HA formed an organic-inorganic composite coating, and Mg and Ag
were successfully introduced and evenly distributed into the HA lattice. After simulated body fluid immersion, a new calcium-de-
ficient HA was formed on the surface of the Mg-Ag-HA/gelatin-coated samples, and new Mg, Na and Cl were detected in the
spherical apatite. Results showed that the new composite coating has good biological activity. SEM and laser confocal experi-
ments showed that mouse MC3T3-E1 cells adhered well on the film and had good morphology. The composite coating did not
manifest cytotoxicity. The addition of gelatin greatly reduces the release rate of Mg?" and Ag’ in the composite coating, im-
proves the physiological stability of the composite coating and guarantees the long-term antibacterial function of the coating. As
a titanium-based coating material, Mg-Ag-HA/gelatin has good antibacterial ion release ability and excellent biocompatibility,

which provides a new idea for the development of new anti-infective surgical implants.

Keywords Fourier transform infrared spectroscopy; Inductively coupled plasma mass spectrometry; Mg-Ag Hydroxyapatite/ge-

latin; Antibacterial biocoating
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temperature is about 3 300 K in the present, and it increases with the increase of discharge current, and there is a sudden in-
crease when the pulse disappears. Since the electron energy and electron density are closely related to the molecular vibrational
temperature, the results also indicate that the average electron energy and electron density increase with the increase of the dis-
charge current. When the pulse disappears, the average energy and electron density appear to increase drastically. Finally, the
formation mechanism of self-pulse in hollow cathode discharge is discussed. The results show that self-pulse discharge originates

from the transition of discharge modes.

Keywords Hollow cathode discharge; Self-pulse; Emission spectrum; Molecular vibrational temperature
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