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Silver Loaded Radial M esoporous Silica: Preparation and
Application in Dental Resins

WANG Yueyue, HUANG Jiahui, KONG Hongxing, LI Huaizhu, YAO Xiaohong

(School of Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Dental resins are currently the most commonly used filling materials for dental caries clinically due to
their advantages of aesthetics, safety, and easy operation. However, their service life is limited because of their low
mechanical strength and insufficient antibacterial activity. In this study, radial mesoporous silica was prepared
firstly, and then loaded nanosilver into its porous channels to obtain silver loaded radial mesoporous silica
(Ag-RMS). Effects of different contents of Ag-RMS on antibacterial, mechanical, and physicochemical properties
of dental composite resins were studied. The results showed that Ag-RMS could significantly improve the
antibacterial performance of composite resins, achieving an antibacterial rate of 99.68% against Streptococcus
mutans when the addition amount of Ag-RMS was 5% (mass fraction). Mechanical strength of the composite resin
gradually increased with the increase of Ag-RMS content. When the addition amount of Ag-RMS reached 7% (in
mass), the flexural strength of composite resins was 28.16% higher than that of resin matrix. Moreover, the addition

of Ag-RMS had almost no obvious effect on their polymerization shrinkage rate, monomer conversion rate, curing
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depth, and surface hydrophobicity. These results indicate that the prepared Ag-RMS in this study can improve the

comprehensive performance of the novel composite resins.

Key words: dental resin; silver loaded mesoporous silica; antibacterial property; mechanical property

H 20 2 60 FEACANTAR B B REL E &4
JEUASR, ZMRHE ML, 224 LA RS G ARSI 3,
CIBH IR T SRk &, Oy H TGS 4 #) 32 2
IR AR UK, BRI E A 5 R
M, BB SR A B kRN W3R B
A 6l 4 R B T 5 BUia T R e T £ A A
WUBE e, JF A T B T 255 12 52 4k i [F6] 0k A B,
NI S A i 48 52 A 6 P e i, 2 G i A 2 1
T LA R 1) S e R,

FRIEEW N EHM IR THIEEIADE
BOS1RR = F B MRl WF TR, ToHLIERTE 3
FOF &8 RIPRE 5 E & W IR G2 D)
Sl W AT ARR A BORCIR SRR A, ATAE R
R IR TR BSS EE R P 4%, AT s 25 4 T
25 s R R TEALIEORE 2R T S5 A R Ak e B
e IR 2, TR DO TR R S o LA R
(AR PE, MBI s A, JnsER, A
FL SR ACRESEORL O R iR ) ) 2 s e T 51k 1
AT T2 P AL = S E B R (1) 3
T FLIE 54, W IR AR AT I X S AL B R A AL
R, JRET OGRS TR A, MW IEREES T
WUIRORE 22 18] B % B 1%, T8 BCA AL AL 7wl
PR LA, AT 38 5 P 2 s e 12

e B A0 T 47 1 12 A T 2 R A ) L 4k
WA R E. BEEED RS a i
FIBARART . A B A B TS RN
W AN S AW G, T Rl &6 0 e 4
HIAER A E . 2= SR M B BT 1), TR RCR
R, HRABRIEE W IR E . MO EHE
HORA S, 2 D EPURE AR AR e, 55 R IRAH
FEZE, SFERESMEIMIERE. 20K, Ak
B B AR S LT R B R P
RE, EAME AR iR, HASx 8
B R IR AL BE 7 22 B R S, 7R 28 B IR otk
A R BN TS

AR AL U ) T B BRI A
tk.fi£(Radial mesoporous silica, RMS)H T 7 F4 fig
Bk, BT 2 1) Th BE SR AT R 2 R A IR
FRATLARG i B2 FO L B PR BE o BR BLAT R AP B 1,
X 22 FCRH e B P TR 5 TR R s e
F& L A RMATUR AP 70000 2 R SRR AL

T8 S5 0 AR T R B AR, A ST Uk AR AR
A RMS 1, FRRHAE N L D RETEH LRI R
A, WERE AR ARSTREE PE . WU oRE B LK O
A5 A A T 1 B 52

1 LIHIE

1.1 ##

IEREEFR VY ZER(TEOS) /N ki d = F 3L AL 4%
(CTAB). /K. ki, 4-HRERKFRL
li5(4-EDMAB). IR p-F L I Ik S JE T 3 =
B 48 3 ik 452 (p-MIPS) A = ¥ B 5 S ik F e (Tris) T 1
EZ LM AR AR P E Big). $hig, &
MER(CQ). IEREE. Sl 4 AbkE. JRE. W A
HWER — R NS IR EE (Bis-GMA). = (4 %) - H
FE 5 4% B2 % (TEGDMA) «  3-(4,5- — B % g e -
3)-2,5- K BE DU G R AL ) (MTT) . — 3 T2 A
(DMSO). i CrIZ 3 R 7 35 77 5 (BHI) R B g 1) 1 oo
PLT(FE ).

1.2 Ag-RMSHI#I&

22 SCHR[21-23], T 56 R FH VA I M v o) 4%
RMS, Fit—P iR, 13 208U R L =&
1eiE(Ag-RMS). BAR#AERN: % 2.4 g CTAB T ZiR
VARAAE 1.5 mL 1E R EEAT 30 mL ¥R CbE IR S v,
BENEW As 7E 60 mL 2 EF/KFEIN 0.6 g JRE
BRNER B BIHEH A 5 BIRA, ik 60 min 50
A 3.5 mL TEOS. 1S &4k 84+ 60 min, 78
JETE 100 CBLAR /KR 16 he ZJa, EOIR
LMK, THET 650 CHke 4 h, 5% RMS. &
J&, B RMS BRI 0.1 mol/L iERARIE W, BT
70 CRKBEFHERE 4 b, BB IREWIE O Teik.
T, 193] Ag-RMS.

1.3 #RIRRAE

KA #7240 (SEM, S-4800, H o7, H
YW SR RO TE S . R RE & O i (EDS,
S-4800, HAz, HA)MAITTER B & & FH X 5
LRATHHMY(XRD, Ultima IV X, Y41, T E)RAEH .
181 FH N A e B R (DLS, MS3000, T4 /R 3, 2 [ )il
TR A0 o A8 R T AR A LR 73 T A (ASAP
2460, #7i, 3£[H), @i Brunauer-Emmett-Teller(BET)



%513

FEHAA, 5 BRSO R FL = ST B ) 28 S A 25 B T o 82 79

R R B R T AR LA A . A AR FR KA
(JS94H, EigHrR, Hh ) &2 i AL .
14 FRESWIENT&

W A7 H B I 244 (Bis-GMA 5 TEGDMA i
& 49.5 : 49.5)F15% 5] &5FI(CQ 5 4-EDMAB Jifi &=
b 0.2 : 0.8)4H &« K5 AN [F L7 ) Ag-RMS (BRI SE K],
R H N 2% 5%F1 7%) 5 g AR TR &, BT
Fi Ag-RMS X & A RETERE RIS o 3 o &2 A
B P B H BRI IR R A e %, AW IE+H T
MUER S & — & T 50%22 ik, #t— 5%
Ag-RMS 5 A [ bt 5] 52 0 — 8 A fek SR (5 = e
2:58, 5:55F1 7:53, XKL, BAEHE 60%)ikE
HREMAEER G, B 70 S0 AL RN
TR X 2 A W AT AR e 5 S5 PRS2 T o e RS I A
THIERNR A f5, HIEEE AT (K 430~470 nm)
TEPE AN FAXS 7 ) 25 HR T 60 s (44 g [l 4k . BT TEHL
HRMETR A T BT e L AL B
15 FRESWIERITERE
151 HEEE

KA BUE P AN F] Ag-RMS & & 114 B
HEMIRRIPUEENE . $14 77 A (7 mm>7 mmx
3mm, n=3) H & WU, T BE R 3 2% vl
(Phosphate buffer solution, PBS)i# T2, Ffif5E T
24 FLIR R, B AR TEAERR ] PBS FiRE S 10° CFU/mL
JEIMNFLIR, BT 37 CIREKFRMPREF 12h, b
Jei K FLBR Hh O B 4k SRR S 107 CFU/mL, MR
80 uL MJSIRARTEE G AR b, PR B PARCE T
37 CIRAEFEFFT 12 h, BUEZ G5 ikl
OEANCREEN
152 WHERE

1 Fl 5 BE R I8 HL(RGM-2010, TRV FG# /K, o
D) A [F) TEATLSE R} (9 2 R 00 i 10 25 ot i
5 AR N R 4 5 i A T R (25 mmx2 mmx
2mm, n=6), {E ¥ F 20 mm. + 7k #F
0.75 mm/min )25 N EEAT 2 K5 . )& B AT
FE il (¢4 mmx6 mm, n=6), L 0.75 mm/min [+ 53k
R HEAT R 4 0 B AR . ) & 5 AR (7 mmx
7 mmx2 mm, n=6), K F A THHMASD30, -
AR, D)W G AR T P 4 PR
153 FEk. BREKWERREERE

Aff PR L AR 0 21 71 3 X (FTIR, TENSOR-IL,
Bruker, 3% [l & ] W% 5 A B Ja A i TR AT o R
18, A BT e C=C # (1638 cm )R F% 7 e C=C 4
(1608 cm )W Wi 70 J3F e i S50 A%E ot PR i A . AR
I 1SO 4049 [l b FAk [ 40 8 FE o 8 FH MR 3 1

TR I & R AE T2 AR (94 mmx6 mm, n=3)7E 2% &
FoKORI 2 S B AR, TE SRR R I
Fo £ EEN(7T mmx7 mmx3 mm, n=3)3 [
T AR TR AR B R 25 B K, AR B il A R A%
(POWEREACH, LifgrhyR, ) EFE i il A o

2 ZER5iFe

2.1 Ag-RMSHIRIE
AW S SCHR[21-23)4038 1 714 % RMS.

SEM 45 R 8o, Fl 4 0 RMS F3 A B A HU O BRIE
TESAARSPIRFLIE S5 1), T H RMS ot R 47, &
AHEMAEMG, RTECHE(E 1(a). FfEdE
JE 1 SEM £5 R IR, BANEEA X RMS OISR
7 A B B 5 (B 1(D, ©))o Ag-RMS (1) 7T 5 24H BRI &5
HAERLE 1(ME 1, b Ag MEESBHN
1.97%. XRD K& 2(a))Em il &1 Ag-RMS
1E 20=20°~30°4bF — 8 5L AT HTE, 508 A
PR BRI — B, Btk 2 A W8 B HeAt AT
FHig. DLS £5 52K 2(b))E7s Ag-RMS FIFLE 7 A
BT . BET 45 R 571 Ag-RMS ) Ny Wt -
A2 N TV U AEIR 2R (B 2(c)), A dl R o] 25
N HI B, RWIAELERRGERIA LAY, H LR AR
IFLAE A BRFLAER S N AL R (B 2(d))s

oy RN R NE 2, Hp Ag-RMS [KJ°FHkE
JEN(421£181) nm, LLEREFN 348.15 m¥/g, “F43
LN 5.15 nm, BitFLAEN 0.43 cm’/g. Ik
P A 45 R W, RMS Fl Ag-RMS Bk 1 255
fiuef, Hor RMS R AL A-22.19 eV, 1T Ag-RMS
H-11.23 eV, XUiBH, B85 + nl Geild ik i
o [ 1) i FEL 51 0 W B 383 67 L) RMIS 3R THT &

]
O

401 1St (d)
30
"
10
: Ag o
% 24 6 8101214161820
Energy / keV
1 RMS ] SEM 8 fi(a). Ag-RMS /] SEM & /i (b, c)Fl

EDS 7 Hr&4i 3(d)
Fig. 1 SEM image of RMS (a), SEM images (b, c¢) and EDS
result (d) of Ag-RMS



80 AL M OB IR

40 %

#®1 Ag-RMSHILZAER
Tablel Chemical composition of Ag-RMS

Element (0) Si Ag Total
Mass
fraction/% 004 37.59 1.97 100

22 FREAWIEMNMEMLE

DA 3 B0 18 A T B ER B AR B 9T T
Ag-RMS Xt 7 BHE & B AR P MERE 2 . AT
Ag-RMS & &1 4 FHE A8 it B AR A - 40 1 1)
PUE BRI (B 3) 7R, 54 Ag-RMS 4RI
AW ARAHEL, & Ag-RMS B 7% B 20 o1 H., BE
i Ag-RMS E &880, WEEAWIEAD, UEEHN 5%
7%, FRE AW IR R E LT AHE L. B4
JEoR T AR S EMIEMEER TR ER. &
2% 5% 7% Ag-RMS 17 BHE A W5 P E %
3N 29.39%. 99.68%F1 100%. 7F 1 iH A,
Ko TFmMEMNE Ry #, 5 Ag-RMS HHAE
H, BB PTREE AR RS T, R I AR S b

B P 152,

(2)

Intensity / (a.u.)

20/ ()

10 20 30 40 50 60 70 8

350

3001

250

200

150

100 -

Quantity adsorbed / (cm*g™)

50

0 0.2 0.4 0.6 0.8 1.0
Relative pressure, p/p,

23 FHREESWIERYHIERE

B SR T T RMAIN Ag-RMS IS Xt 5 A i fig 25
PR A AR R L 4 e P R T S, 4
RuiE s fin. 4R ER, & Ag-RMS & &4
W N, AP AR LA PR BE IR 5. TN 7% 1)
Ag-RMS J&, SEMIEMS MRS, SR, &
4 i 5 AN S5 AR FE 43 A1) Ll TR A B A 3R A
28.16%. 60.19%. 26.65%%1 13.20%.

R MR R AR A EE D), oK Ag-RMS
AN EEHIE 7% AN AR R AU SE R, FHiR
s, FAEMER AR S E— K& T
50%2 3, Ik, #—BHR T Ag-RMS 1ENIIfE
FEORE5 520 AR R BEORL S [R5 B &2 A iR
HUMPERE IR . B 6 JBOR T INNAS A o &2 LE 1)
Ag-RMS Flszt AT 52 &8 I8 B I R
(LIRS BN 60%). 45 BR B, AN
TRAGEE B A R 0 LB T BE A 2 1 N
Ag-RMS I}, B IntL Gz 7+ s, 240080
HUBIE RE AW 3 =y, Ag-RMS ISzt S AL RE i

80
701

®)

Percentage / %
N
(=]

200 250 300 350 400 450 500 550 600 650 700
Particle diameter / nm

1.0 @

o
)

S
=
T

<
'S
T

(dV/digD) / (cm™g™)

o
N
T
[

0 10 20 30 40 50
Pore diameter / nm

2 Ag-RMS ] XRD KEif(a). RLEES3 A (b) N, IR B - 15 45 i 26 (o) L FLAZ 23 A1 (d)
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Fig. 5 Effect of different contents of Ag-RMS on the mechanical properties of dental composite resins
(a) Flexural strength; (b) Flexural modulus; (¢) Compressive strength; (d) Vickers microhardness. *: p<0.05, **: p<0.01
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