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Preparation and In Vitro Bioactivity of Cerium-Incorporated Bioglass Microspheres via
Spray Drying Method
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(1. School of Materials and Chemistry, University of Shanghai for Science and Technology, Shanghai 200093, China; 2. Shanghai
Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China)

Abstract: Bioglass (BG) microspheres with a constitution of CaO-SiO,—P,05 demonstrate promising applications in bone repair. It
has been proved that the cerium ion incorporation in bioglass structure can provide materials with additional antioxidant,
anti-inflammatory and angiogenesis functions. In this study, cerium-incorporated bioglass (Ce—BG) microspheres were prepared via a
spray drying process. The effects of Ce content on the phase composition, degradation performance and in vitro bioactivity of Ce-BG
microspheres were investigated. The results show that all microspheres are uniform in element distribution with relatively smooth
surfaces and a high degree of sphericity. The Ce incorporation introduces a small amount of CePO, and CeO, crystalline phases.
Along with the increase of Ce content, the degradation rate of Ce—BG microspheres slows down, and the effect of degradation
products on the increase of environmental pH value is alleviated, and the pH value was found to be the lowest after 7 d of immersion
for Ce—BG microspheres with mole ratio of Ce and Ce+Ca of 0.03:1.00 in Tris-HCI buffer. Ce—BG microspheres with different Ce
content have good ability to induce apatite deposition in vitro.
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AMEEKCL, 99.8%), WA 4 (K,HPO43H,0,
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36.0%~38.0%) & 1L £5 (CaCl,, 96.0%), Hii R #M
(Na,S0y4, 99.0%)F1 =¥ 3L 40 It H J5¢ [NH,(CH,OH);3,
99.0%], ¥ HE T EZ LN AFERAR . 1Y
IKE TR EE[Ca(NO3), 4H,0,  99%] AN 75 7K A il R i
[Ce(NOs);'6H,0, 99%]14 F K EE T KA 1)
BT A2 25 i AR 2t — B ai A R
1.2 $I&FE
1.2.1 i BRAA 35 V1) T ) ¥B—EE PI123 Al
TEOS 7& pH=2 ] HNO; /K¥& KR B TS 5, 1%
B =G I EE R LB n(Si):n(Ca):n(P)=80:15:5
Hptesl, ¥shn TEP JBEHHE 30 ming &G MA
Ca(NO3),"4H,0 F1 Ce(NO;)y'6H,0 4k ST HE 45 572 4>
TR« PR¥FF(CatCe) BE IR 7 HUN 15% A%, A8 H
Ce/(Cat+Ce) I EE/R L& B (1% 2% 3%). AFE Ce
PR Ce-BG BT IRAAERIC 7 sk 1 Fim .

%1 7T[E Ce 82K Ce-BG R ARL
Table 1 Ce-BG precursor solution formulations with different Ce amounts

Sample m(P123)/g m(TEOS)/g m(TEP)/g M(Ca(NOs),"4H,0)/g M(Ce(NOs); 6H,0)/g m(H,0)/g

BG 4.00 6.70 0.73 1.42 0 50.00

1% Ce-BG 4.00 6.70 0.73 133 0.17 50.00

2% Ce-BG 4.00 6.70 0.73 123 0.35 50.00

3% Ce-BG 4.00 6.70 0.73 1.14 0.52 50.00
122 fEkd%  CRHBE TERATIKIEERESR] RN Ce—BG R E T 5 b rhiobe, THRE %15
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HLH K 77 0.6~0.8 MPa; #EFE R E 220 °C; bR
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Bl WiETEEH & AR Ce & E M Ce-BG Bk SEM IR A
Fig. 1 SEM images of Ce-BG microspheres prepared by spray drying method with different Ce amounts
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(a) BG (b) 1% Ce-BG

(¢) 2% Ce-BG

(d) 3% Ce-BG

B2 W55 & A E Ce & &M Ce-BG WERMRLZ S 1A
Fig. 2 Particle size distributions of Ce—-BG microspheres prepared by spray drying method with different Ce amounts
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3 A[E Ce &M Ce-BG WIRHI Tt &2 E

Fig. 3 Elemental mapping images of Ce-BG microspheres with different Ce amounts

Kl 9 NAE Ce &ER Ce-BG MEKIRZIAE (R 8 B EKIZETIG N, 24 h I I0E R,
Tris-HCl Z20 i pH BRI . AE 9 AT, JE4E 2~7 d WIBINZEHAE, HARHE BG. 1%
Ce-BG TFEKIRILAE Tris-HC1 ZZ by, HEW pH  Ce-BG. 2% Ce-BG 1 3% Ce-BG MERHIE W pH
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(a) XRD spectra (b) FTIR spectra

AS is symmetrical stretching vibration; S is symmetrical stretching vibration; B is bending vibration.
B4 RS E Ce-BG Bk XRD A1 FTIR 1
Fig. 4 XRD patterns and FTIR spectra of Ce-BG microspheres with different Ce amounts

(a) BG (b) 1% Ce-BG

(c) 2% Ce-BG (d) 3% Ce-BG
K5 Ce-BG WERIEMBIMAR IR 7d /) SEM )7
Fig. 5 SEM images of Ce—BG microspheres soaked in simulated body fluid (SBF) for 7d

(a) BG (b) 1% Ce-BG (c) 2% Ce-BG (d) 3% Ce-BG
n is mole.
Bl 6 Ce-BG MEREBMIAR I 7d [ EDS 2 il
Fig. 6 EDS analysis of Ce-BG microspheres soaked in SBF for 7d
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(@ld (b)7d

Bl 7 Ce-BG REREAMAR HIZML 1d I 7d [ FTIR 1%
Fig. 7 FTIR spectra of Ce-BG microspheres after soaking in SBF for 1 d and 7 d, respectively

(a) BG (b) 1% Ce-BG

(c) 2% Ce-BG (d) 3% Ce-BG

K18 Ce-BG MERTEMIMAIR IR 7 d I FR A A [F I [A] 551 XRD i
Fig. 8 XRD patterns of Ce—BG microspheres at different time points during 7 d soaking in SBF
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B9  Ce—BG IKTE Tris-HC1 2 MR VAN [F) B[] Ji5 (A VR
pH {31t
Fig. 9 pH value changes of the Tris-HCI buffer after soaking
with Ce-BG microspheres for different times
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