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Abstract: High temperature melting method has been used to synthesize B,03-Si0,-Na,O controlled-release antibac-
terial agent on account of the functions that borate can inhibit the growth of bacteria and algae. The new inhibitor, a
solid agent with controlled-release capability in water, is different from those liquid and gaseous antibacterial agents.
In this study, the physicochemical properties of the inhibitor were characterized by XRD, SEM and FTIR. The con-
centrations of boron in solution were determined by using ICP-AES to determine the release capability of the in-
hibitor. Moreover the experiments of inhibitory circle and inhibitory rate were carried out to evaluate the antibacte-
rial effects of the inhibitor on Escherichia Coli and Staphylococcus Aureus. The results indicate that the inhibitors
present amorphous structure, with the content of [BO;] and [BO4] groups in the internal structure being affected by
the amounts and the ratio of B,O; and SiO,. The agent surface is denser while the release rate decreases with the
decrease of B,O; amount. Furthermore, the antibacterial effect enhances with the increase of boron concentration. S.
Aureus is more sensitive to the inhibitor than E. Coli. The inhibitor containing 55wt% of B,0; gets the best antibac-

terial effect, which exhibits better controlled-release than the others. The present results provide a reference for fur-
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further research and industrial application of the antibacterial agent.

Key words: boron; controlled-release; antibacterial effect

e —MaES g T, AR AP U AEDIE
SATTE, A mT CARI I 4h B A0 328 1 AR KB
ATV 2, R 6 vy AR ORI B0, T
RS ORI B 165 700341, phy s m] O, AR ) AR
PG E TR BRI, BB AR R
FEIR R4 R 7R B ST, AR A HOGIEAR, #1722
W T W SRR VR, s b, ARl
ot 4 Jm HURBE IR B K R 5 7 A s e R AR
FRAM R FAS B RO b A= = R0 S, 1 3o A &%
7 T8 TR0 [ R T R O AT A T B i R 0

Il 4 0 A1 7900 A 7, BT, S RREA,
FERN o TV KA BRI S AR £, (H2, Hur—L T
VAR K R B ) 32 A S SR SR U012 i B
AHIK . T e Pl R R I AR o X SO R )
WARECE SR B, 980T RS oK R, 75 24
Wigehn, By g = pr 2y Bl PRk, ok [ A
IR 70 PRI AT IS S, 22 R 2R [ Al i
1) DRI ARG D11 1 2 1 R TR 38 45 A58 P 10 T 205 2R
I 5 AT W7 P,

A TAERF—FF A B,05-Si0,-Na,O Z&FE
PR, NSRS, WA THRA, BT
TR Y o T 0T B 7R 28 R e R RIS LA R o
(IR IR, 97 36 B R 1R JRURHRC EE, A 7K Ak B8
JH H 245 70) R 50 J SRR 5 e B A B o A% A0 R 7
HHEBARE, N T E K R ki S5 16 PR K &R
girhs

1 KA

1.1 ##

W2 (H;BO5, AR). P (Na,B,0,-10H,0, AR)
A AT (SIO,, AR A VU B AL T A IR 2wl .
JREE R BERHEE) . S (NaCl, AR). Bifli
B ZREOM RIS RN A A T AR TR R
BT . KB (Escherichia coli, CMCC(B)44102)
M4 B B W % EK (Staphylococcus — aureus,
CMCC(B)26003)t [ 1 [E BE 25 Betd A= it 5T .
1.2 BERIIEFIAE K
121 A/t

7t B,05-Si0,-Na,0 BB I, B,O; 15 4310
B DAL g R, e BB AR AR, T BRI B

TR ARLEE 5 S0, A2 U0 VAT 771 J0 K0 IU) 199 28 1R T J A2k,
SR Nay,O i W 71, A db 4w e K v
AR . 2 FS AR A 1 A R B2 A S 4 1 6 1
TR P (R, Wik S 4l & Bk 1 iR,
122 AmA*E

AR FI A0 £ £ BLOs, AP £ NayO, Kl
1%« BIAD R Si0, 4 B BEV-4F (4 LA N AF 8k 78 43
WEES, ARG5S, B TRIES A T b
8k, Jeks SX-G05162 YT REAF VLY TIHAE 1000°C,
TN B2 1 h SO, R4 IR 2 ) 30 b 771
{840 F7 SR AT L TP BRYA B, KRR 22 3R AR, AR
JafE 105 CHET, BIAT#5 2] B,0;-Si0,-Na,O R
[ERlP
1.3 HIEFIRAE

FS-4800 37k S 414 FoL BT W 22 Bl 2R i 1 400
FIRMER, B 5 kv, KSR 10.6 pA, T
YEBEES 8 mm. KB 78 2 54, ik 200 H M,
Fy’ pert pro MPD £ iy X S 2 A7 S A0 43 M 40 81 71 P
B A AR R, RIS 0~90°(20), 14 T4 R
2°/min, & HE 40 kV, EFHR 40 mA. B 1R
AH NEXUS 670 & HLI 2L ARG AN o3 B A [ 40 i
R LA S As tk, %5 E 400~4000 cm™,
PR 2 em .
1.4 ZREM%RENE

A Tt BT ) R AR K P R R A R
7 I ok RN R MRS . BT AR [, kLK /s
LR H 1 g, % 100 mL 228 7/K, A6
1~2 d BUFE, HI SPS8000 Hi /R 7 45 2 AR R Bl
HEAL (ICP-AES) I e 22 B8 5 0 1 e 5
1.5 #PEHEEEN K
151 BEMELSESR

YK T AFF s R 4 0 7 7 K 1) CRO At T,
KGR AR R &, BT LB WiiAkRs
FEF, 76 37 C. 160 r/min &1 F, £ BS-1E %

F 1 B,0;-Si0-Na,O HIHFIZFESHIEE
Table 1 Composition of the B,03-SiO,-Na,O inhibitor

Inhibitor B,0s/wt% Na,O/wt% Si0,/wt%
1 70 12.4 17.6
2 65 11.5 23.5
3 60 10.6 29.4
4 55 9.8 352
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Fig. 1 XRD patterns of different inhibitors
(a) Inhibitor-1; (b) Inhibitor-2; (¢) Inhibitor-3; (d) Inhibitor-4
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Fig.2 SEM images for different inhibitors
(a) Inhibitor-1; (b) Inhibitor-2; (¢) Inhibitor-3; (d) Inhibitor-4
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Fig. 3 FTIR spectra of different inhibitors
(a) Inhibitor-1; (b) Inhibitor-2; (c) Inhibitor-3; (d) Inhibitor-4
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Table 2 Characteristic vibration reflected by infrared
absorption spectrum of each group in borosilicate materials

_1  Corresponding characteristic vibration
Wavenumber/cm P &

ascription
3423-3426 H-O stretching vibration peak
14131424 [1.303].ant1 symmetrical stretching
vibration peak
1071-1076 [].304]-ant1 symmetrical stretching
vibration peak
923-930 [1.304].ant1 symmetrical stretching
vibration peak
686—696 [BOs] flexural vibration peak
451-466 Si—O-Si flexural vibration peak
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Fig. 4 Concentration of controlled-releasing boron of different
inhibitors at room temperature (mg/mL)
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Table 3 Inhibitory circle of E. Coli and S. Aureus against inhibitor/mm
o Boron E. coli S. aureus
Inhibitor Ame-mL"
(mg'mL 0.5 1 1.5 2 0.5 1 1.5 2
1 Diameter <10 10+0.5 1240.5 1540.5 11+0.5 17+0.5 19+0.5 30+0.5
Sensitivity - + + + + ++ ++ +++
Diameter <10 10+0.5 11+0.5 17+0.5 13+0.5 17+0.5 20+0.5 2340.5
2 Sensitivity — + + ++ + ++ ++ +++
Diameter <10 11£0.5 13+0.5 18+0.5 14+0.5 17+0.5 19+0.5 22+0.5
3 Sensitivity - + + ++ + ++ ++ +++
Diameter <10 14+0.5 1440.5 16+0.5 1240.5 16+0.5 20+0.5 30+0.5
4 Sensitivity - + + ++ + ++ +++ +++
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Fig. 5 Inhibitory rate of E. Coli and S.Aureus against different
inhibitors
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