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Study on a composite material with high abrasion-resistance using

porous and hollow fillers
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The purpose of this study was to examine the possibility a new composite material with the structure of
interpenetrating polymer network and without the interface between filler and resin. The composite was
prepared from matrix monomers and follow and porous filler which was treated with the polyfunctional
siloxane oligomers. As the results, the composites showed good mechanical properties, such as
compressive and bending strength and abrasion resistance. This is provably due to the formation of the

interpenetrating polymer network between the follow and porous filler and matrix monomers.
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Fig.1 The destruction of composite resin by abrasion
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Fig.2 Schema of the composite with follow and porous
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EBIZHW=7 4 57—, Si0, RORKLILHA
BLUORRSILEADZET 1 5 —T GhARimlELEK
A&, ThZNEI6BXUB16 LHsY), 874
7 — DK% Table 1I1ZRF. £/, 74 5—08
BICHW/- KRR DOILFK % Table 2 IR
Yua ¥4 %) I<v— (Siloxane oligomer, LLTF
Siloxane & B&¥) i3, LT EICE hFHBL .
T bbb, 3-MPS 0.150mol (E#1L%¥) % THF
300ml IZEML, WIELLEMSL, Y5 D3 EN
fEik DK 25ml & BEEE 5ml DIRAWEH T L7
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T L 4% I THH L, BAKEBEY 7227 A Table 1 Characteristics of spherical porous filler and porous
THA#E »8L, AEEBHBEL, Siloxane & and follow filler.

. Porous  Porous & follow
B Characteristic
Ei16 B16

74 7—0ORAZ, 3MPS TRBHEIZL DT Particle size range (xm) 0.5~16 0.5~16
722 Fhbb, 1000mlOEY oL yHE— Mean particle size (um) 6.5 6.5
H—I274 5 — &FERRIML, Table 4 YhTF»  Density (glem) 2.1 2.1
Content f® 3-MPS # %, TFALT7LI—N% Bulk density (g/cm) 0.32 0.27
By L MPS R A ; . Surface pore radius (A) 50~150 50~150
' - 3 DRI T 701 Wil Specific surface area  (m2/g) 694 631
% SMPS DHRICK L 1wt%, 7% & NI 3-MPS Total pore volume (mV/g) 1.03 1.23
D 3ENERDKEMZ, 24 FEHHEL, 7NV 3—  Absorption oil rate (ml/100g) 125 155

WEBEBRMN L 25 T TRAMICHEE L RS 28
DELZ. 1HE%E 60CHF—T7 i 3EM AN,

TLa—NEEEEY 22 ICKRFE L. TEGDMA, Table 2 Chemical formulas and codes of surface treatment

agents used in this study.

TMPT 3 & OF Siloxane D TiX, K)ol

Chemical formula and name Code
YBE—H —H R ROREAI L 7 1 5 — B G CH,
LCTMMA 2Nz, SEEBECHE L% A CHZ=C—COO—(CHchzo)a—OC—Cli=CHz TEGDMA
LARL:. = MY v 2 27 <—0OHK% Table Triethyleneglycoldimethacrylate
- . CHjy
32K, B/ < —I{2id BisGMA & TEGDMA %, CHZ-OOC—6=CH2
BERBACRAY Y7 7%/ VY BLUVZFVT o CHs
2H57%~CH,-00C~C=CH
I/ FNAY 7Y L—F (BisGMA i #1b ’ CHa ’ TMPT
%, MEERILR) 2HV aVRT Y RFLYY CH,-00C—-C=CH;
BT 4 5—%<2 Y v 2 ALY VICHL, © Trimethylolpropanetrimethacrylate
- CH
7 > 1= 5E.A 1 SHE - 3
40wt% &b X HICRELERLZ. CHy =&~ GCOO(CH,);Si(OCHs)s 5-MPS
3-Methacryloyoxypropyltrimethoxysilane
2. BRROEH
ABL-IVRT Y FLYVE, 46X Smm D HO %i—o—:::,i—o:—H
REAEF 70 yE—NVFIEAL, LTiliZztro ? 9
HO4-Si—0—Si—04—H
£ FAMY) vy 7ZX (GCHBR) TR, 2HDKMR | T Siloxane
44 (SM 3 XL3000) % LTFMIZHEL. R CHj
VARG L, EMB £ R L e R= —CH,-00C—C=CH,
2, 3x3xX25mmODEEICROFVWEATF VL Siloxane oligomer
AW HHERIZIRY Yy PUYVEBAL, L
THZRX MY v 7ATHEY, LHOPREE 1 5H,
BoCHmz & 1 oMBELARL. THIZLE Table 3 Composition of matrix resin.
fiz RSt EX1.3mmOT T AKEMNL, L Matrix resin (abbreviation)
AR 4G & RIS 100W T 47 Y 5 ¥ 7CHRE L Bisphenol A diglycidyl dimethacrylate (Bi:f:)’[A) 1560¢g
Triethyl lycol dimethacrylate (TEGD 15.0
037 BRERBRCIL. 9 ¢ X Smm DA X T ethy ene.gyco imethacrylate g
i Camphorquinone 015¢g
VEER, EMRBRA & FRICHELL. Diethylaminoethyl methacrylate 030¢g
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HREF L, 37TCAKHIC 2 HREBRER RERIC
A, RBRHBEIBEHEL— 75 7 AGS-500
ZHV, RBHEEE, EHRABKRTIE 2mm/min, il
WRER Tt iImm/min TiTo 7z, b, TR,
XA 20mm o 3 SEY TTV, ERBHHERT
B LmE2 TEICHITRERL 72, BEREREBRIL,
7T VR (RHFE 7V K172) 2 AW,
HBRA 13 4C L 60CHKPIZHE 1 TR Z 14
A I NETBH =<4 7V 1000 | % 4T - 7: £,
AE1MEHA-D 115g DWEEZAM L, 5em % 1 R
b=z &L, 12 5E4TV, BEFEMEOEREYL
BB L7 &b, EM MY, £ LU CERERBICE
FARBR OB, FhERS, 5 3HTHA.
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ERICX Y BEonflIE, ZhEhoFYfis &
U RZEL RS, — KRBT HSH#%, Student-
Newman-Keuls £ BB % 1T\, fEBRF 5% K
TF— S MDEDKREZ T 7.
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FHAEFA B L URARE UL -SILE

747 —E16 2L IS ILHPZET7 17— Bl6 &
HELIVIY VOEMMmESZEhZh Table 4 B &
US5IZR”Y. E16 74 79— %2BELL I DIE
fiom X%, 3-MPS & & ' TEGDMA LE T,
HENI1Wt% DL ERDKEL, ZhEhiyos
$ L UF88MPa #/Rk L, TMPT % LB Tl 15wt%
DMEHDL &, #) 104MPa Z/R L 7=

—%, Bl # & LALLY yrOEHE X3,
Siloxane, TEGDMA, % L T TMPT & & (2L
A 5wth DL & ZhEhKELREZRL .
Siloxane 3 & ' TMPT L # T, # 125 B &L O°
127MPa #/R L 7. ZILEMZEDNOBI6 714 7 —&
LEEL I ol BeEfmszBohsI L
/20 WA

SHOMBEAIMTIE T % &, 3-MPS & TMPT
A*TEGDMA (ZHl~XE W2 /R L7:. TEGDMA i,

Table 4 Compressive strength of the composite with E16
filler treated with the treatment agents at various

concentration.

Agent content

Treatment agent

(wt%)

3-MPS TEGDMA TMPT
3 89.4 (4.9  170.6 (16.1)% 73.3 (8.9)%
5 95.0(8.8)la  84.8(8.3)L 82.8 (8.9)%
10 98.3(17.8)1a  88.2(18.5)1, 91.1(8.9)2%
15 67.7(16.7%  73.3(16.7%  103.9 (12.2)1a
MPa (SD)

Table 5 Compressive strength of the composite with B16
filler treated with the treatment agents at various

concentration.

Agent content

Treatment agent

(wt%)

Siloxane TEGDMA TMPT
3 —*1 55.0 (21.1)3 —
5 125.0 (10.0)1a 80.0 (16.1)%  126.7 (11.1%
10 105.0 ( 8.3)2% 71.7(7.8)12,  108.8 (5.0)2%
15 94.4 (5.6)3% 63.1(3.3)23.  113.9(7.2)%
MPa (SD)

*1:The test piece can not be prepared.
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SFBRRICEHRO NI ZFLYZ)A—VED
Y, ZOEAWIES SV DMBOMEHNI A
EAREWEEZORS, —F, TMPTIZ_EESE
¥ 320b 2=t/ ~—Thh, WLEOENE
R _EKEE Y 22052 TEGDMA ILHAFE <,
WWLYry%5250T, imEX TEGDMA (21t
NEWiirRL-LBEbRS. T, 74 7—HT
¥4 2L, 8-MPS % < TEGDMA X TMPT T
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b2 HVwOT, BHCED 74 5—L LI VIR
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2. HAL YL OIFAE & L UHhIFHMER
SIE7 15— E16 2 b FICEHILEHRET 4
5S—Ble 4 #ES LV Y yOlliiFis & % Table 6
BIUTIZRYT. 2LE714 75— El6 28ALL
LYy yoliiysmEid, 10wt% @ 3-MPS THLE L
7o E O BLBVEM 69MPa R L. RWT
10wt% JLBED TMPT T#J 61MPa %R L7z,

Bl6 #i& L ¥V v ¥4, TMPT (XA ICHR
7 ¢, ¥7- Siloxane |% 10wt% E TEWEZRL,
FhENH 76 B LU T5MPa Th o7z, 3HOL
FAMME Tl 5L, EMME LHEBE TEGDMA
THMBLL: 74 57—k E80HEL Y ORI d
&y,

Table 6 Bending strength of the composite with E16
filler treated with the treatment agents at
various concentration.

Agent content

Treatment agent

(wt%)

3-MPS TEGDMA TMPT
3 56.3(6.3)2a  46.3 (5.3)% 53.4 (4.3)%
5 57.8(9.72,  49.3(3.8)12, 56.3(2.5)2%
10 68.8(5.3)a  47.5(6.3)12  60.9 (4.3)%
15 441 (8.9)% 51.6(38.49Wp 53.1(5.6)%
MPa (SD)

Superscript values with different numbers indicate a statistically
significant difference for each vertical column (p<0.05).

Super characters with different letters indicate a statistically
significant difference for each horizontal column (p<0.05).

Table 7 Bending strength of the composite with B16
filler treated with the treatment agents at
various concentration.

Agent content Treatment agent

(wt%) Siloxane  TEGDMA TMPT
3 —*1 46.6 (5.5)1 —
5 50.2 (3.93%, 49.4 (3.5,  71.0(10.2)%
10 76.4 (6.6)'a 47.8(6.3)  74.9(6.7D.
15 61.1(5.5)2% 51.8(.1D%  74.9 (7.0

Strength after 2 days in 37°C water : MPa (SD).

*1:The test piece can not be prepared.

Superscript values with different numbers indicate a statistically
significant difference for each vertical column (p<0.05).

Super characters with different letters indicate a statistically
significant difference for each horizontal column (p<0.05).
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SHILE747—El6 LWL ILATZET 4
F—B16 #HAELLL Y Y OMIFHiMEE% Table
8BLUIIWARY. El6Z2#HALALY Yol
MR IT, 3-MPS B & U TEGDMA L ¢, M
BRICIHZRERZERDON L o7, TMPT
METIE, 10wt% L TH 3.9GPa L R R H
fizmL7A —F4 Ble2#E&LILY VT,
Siloxane 3 X ' TMPT ML # T %, &KW HA 7
LUICRBERICIZERZIZDON Lo 12,
TEGDMA ML -G, Siloxane B X UF TMPT ikt
REWVE%ZR LA, TEGDMA A= EhHo €/
*—THAHNIZH L, Siloxane DFFHHKIZTIY
h EABDOFEEBOE Y o X4 4 (-Si-0-Si-)

ZOONERME/ v—Tdh ?, TMPT 3=k
€/ ~—"T%» 2% (Table 2). Siloxane % TMPT
DLRIZH SN 5 MAF OLHEEE X TEGDMA
CHA~XE L, TEGDMA IZLRFVEELR LA L
ZROND. FEBRTIE, ABOKESOEIEAL
LUILHILEPZET 1 S—% Vi, LEFD
MERZBHT 200 L. Thbb, sy
T —D%E, PERIIZL A LORERNEET S
&, MEHIYERZTFHCEERT, < Y v
AR/ =L BT HHERETHY, HELI VD
MERMELR2WEEZ OND, EhZeB LUz
74 7 —DRENEREHEST D LIISHOBRE
Th5.

Table 8 Bending modulus of the composite with E16
filler treated with the treatment agents at
various concentration.

Agent content Treatment agent

(wt%) 3-MPS TEGDMA TMPT
3 3.57(0.1001.  3.27(0.28)%,  3.57(0.28)2%
5 3.58(0.29)ta  3.26(0.19)%  3.56(0.10)2
10 3.48(0.28)1,  3.38(0.10)%  3.87(0.19)!,
15 3.45(0.23)2a  3.28(0.29)%  3.58 (0.28)2

Modulus after 2 days in 37°C water : GPa (SD).

Superscript values with different numbers indicate a statistically
significant difference for each vertical column (p<0.05).

Super characters with different letters indicate a statistically
significant difference for each horizontal column (p<0.05).

Table 9 Bending modulus of the composite with B16
fillers treated with the treatment agents at
various concentration.

Agent content Treatment agent

(wt%) Siloxane TEGDMA TMPT
3 —*1 3.35 (0.10) —
5 3.45(0.19)1.  3.04(0.09)12,  3.44 (0.19),
10 3.49(0.50)1a  38.01(0.50)%,  3.55(0.19)1,
15 3.45(0.28)a  3.34(0.100%  3.55(0.09),

Modulus after 2 days in 37°C water : GPa (SD).

*1:The test piece can not be prepared.

Superscript values with different numbers indicate a statistically
significant difference for each vertical column (p<0.05).

Super characters with different letters indicate a statistically
significant difference for each horizontal column (p<0.05).
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5—Bl6 # A L7V Y DB % Table 10 B
FU1LIZRY. BICHWRY AF VA5 7))
L— b (PMMA) DEEREHIE 11.8 cm® T, 4 [EIFH
WL E16 25U B16 2 8L #AL YV v DB
iz, WThola b PMMA ICHAREWliZRL
7z BREEEAEA L 7-EHE, PMMA 8RO FH
BEST»O%250II8 L, HEMHORSIZEE
HHOE ) v —HEHL, ZKRTHEMEZ LV
oL Vv & 60OWEH BHA, SHIILY VLY
BWERE 745 —% 40wt% 272D TH 5.

Table 10 Abrasion loss of the composite with
E16 fillers treated with the treatment
agents and PMMA as a comparison.

Agent Agent content  Abrasion loss

(wt%) (mm3)
PMMA — 11.8 (1.88)1
TEGDMA 3 4.84 (0.42)2
TMPT 3 3.36 (0.27)3
5 4.14 (0.50)2:3
10 3.37(0.80)3
3-MPS 3 1.89 (0.12)¢

Superscript values with different numbers indicate a
statistically significant difference for each vertical
column (p<0.05).

Table 11 Abrasion loss of the composite with
B16 fillers treated with the treatment
agents and PMMA as a comparison.

Agent content Abrasion loss

Agent (wt%) (mm3)
PMMA — 11.8 (1.88)!
TEGDMA 3 3.33 (0.38)2
TMPT 5 2.58 (0.50)3
10 2.00 (0.50)3
20 2.64 (0.92)23
Siloxane 10 0.71 (0.38)4
15 0.38 (0.23)4
20 0.27 (0.23)

Superscript values with different numbers indicate a
statistically significant difference for each vertical
column (p<0.05).
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