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7R 3 glem AR wet vt FR/7F AHEH
i giek. Aol d%0] MPS(methacryloxypropyl
trimethoxy silane)$} APS(aminopropyl triethoxy
silane) & o]&-3 AgolA 7] A frst Xl 718t
o] Ago] F7F dFHALR, MPSY] A2y
of wel A FrtEt depitte A= AlY
HAok #s a2 7 ol AHEE I 3l MPSTL
e A3y vwdlel ok Fx AYS FAAZ
F9deA, aglu A Z2HE
€ o FHERJA A iz AF=
ojth, I A@ @3 r1Ee 7l
F5&A4 (copolymer)o] g d+= o]
g}q_.29,30

£ Apde fedf A Aeel vAE 9
&S grislr] e T ATS AAT FeollA
f2 Ao dA A3 2 AHE SH6e
o AL AESte] Azte] Aol 2 AR
2Az7ke] Age F& 4 vt

LIRSS
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™, 3
st g

I. H7HE

B A3 A4 AEE Zo] 3mm, 77 106me]
2+ (Chopped strand, Hankuk fiber Co.,
Milyang, Korea)Z <F 1002 7|7} qtcptz f2ts]
o] Sl Feit} flidfE AZALl of) EHA
27} Hol g AHgoerns EHXZE AAT &
Ao wHA P g9E Agsirt. THAE Al
Adl7] Y&l dgdoz 24 Az EF ARl =
oA 22Uzt Axstar 500TAA 5AIZE Bt E
AYE AlPstant ® AUA e & 317] 213t 3 F2
A& (Sila—ace, Chisso chemical, Tokyo, Japan)©]

g g2R shobe e obelsh 2rh(Table 1.

Table I. The silanes used in this experiment

Product name Chemical name
Methacryloxypropyl trimethoxy

MPS (S-710) .
silane

EPS (3-510) 3.-g1yc1doxypropy1 trimethoxy(epoxy)
silane

APS (S-330)  Aminopropyl triethoxy silane
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2559 02 wt%2 34 % 3 felid et
2 gigr}, Aghe A4 #FAAM TR

o} silanol& P4 HEE 24t acetic acid)& ©18
3 100ml 2559 pHES 352 2-3tn Ade] 30
HeRaE g sl fel AR AzALA
AAG FAF Tes 1 2T
Ed] A3 A2 E A&t
FEE AARL SRT
Halga, e AR &
A AT the 105CAA 3083t X2 E AlPst
EH e s AN GAE T FeElA
AeoA 297 AzHAT. Silanol®l OH
(hydroxyD) 719} 214 % %2 OH(hydroxyl)717}
Z3ute S goA BAEE HO7 WA 2

3ol WAsIEH, e T Pt

o
=
o
=
=

Si(R), + H,O0 — Si(OH), + RH
GF-OH + Si(OH). — GF-0-Si(OH); + H,0

2. AlE HE

3 2ol Aoz AYH #7 Afe AHE €F
3 zyvddetadolE #X (Vertex RS,
Vertex Dental B.V., Zeist, Netherlands) ¥} &3t
e g92% g daxreze 48 AEHA
e 8 At AREE I Adwe BRI
APt F& 4719 AE7H AR S A9
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Table II. Experimental groups used in this study

Group Glass fiber treatment

Abrasion test

1(control) Desized glass fiber

2 MPS coated glass fiber
3 EPS coated glass fiber
4 APS coated glass fiber
5 Desized glass fiber

6 MPS coated glass fiber
7 EPS coated glass fiber
8 APS coated glass fiber

Before abrasion test
Before abrasion test
Before abrasion test
Before abrasion test
After abrasion test
After abrasion test
After abrasion test
After abrasion test

EFsAt. 2

gl el dR7E E3HA @

3tz e
EE Folddeh. LA 1027 3 3
PMMA £ (monomer)<

A7retae. Azt
Ao we} DA (monomer) S 3 7}3}% 7

AN fE A o 20 #Aad F e
22 P/ ratio® 218 dto] @A dAF ¢
A

7¥staeh. &3 F 158 ART o 27137
(initial packing time)7} E|A< o 48 2=(60 mm
X 10 mm X 3.3 mm)ell packing&t%iil, 3714714
A& T Be BolA 2083 AT T8l
S5 =W MA8] Wz A7l F HR AlES Best
o 500 3 1200‘jﬂ NEZR FF At (wetting
grinding) 3 &

T A% A8 7] (Instron model 4466, Instron,
Massachusetts, U.S.A)E o] 8-3te] 34 3dA 89
28 ZJAEE S, A 1(zig) Atele] 14
< 50 mm= 3193 3L, crosshead speedi= 5 mm/min
2 §ien, Al FAe AA nlelazulH
(Digimatic outside micrometer, Mitutoyo, Kawasaki,
Japan) & 343ttt AlH e 2Z7E(S)9 B Al
F(E)E th9] A& ol g5t Attt ™

S=3PL/2bd® (P-Ht] ¢¥
LA 71 Abel9] Ag,
b-AlHe] Z d-A|He FA)
E=PL¥/400d® (0-239 %)
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4, 02 A &
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6. 84 =4

4 AT AEY 2IRES dAT 32 8%
AP 7o FRZEE v 23l7] A3l one way ANO-
VAE A EA. o8 Aolg Bl 4+ A
% 2.2 Duncan s multiple comparison testE A3

sol AAZ 29 KT Aol § BAAG,

.2 o

Al 9] %% FEE 248 A3 A8 e &
$E A7l AYPE 19 2TARE 110
MPa< i%i on @ ARE EPSE ZuA
4?.3 39 23} EE 92 MPaZ 43¢ 180 &
oA ¥ e BRAH(p<0.05). & ARE
MPSet APSZ Aejst AT 29 49 EJ4 e
747} 124 MPaZ o8k $718tdthFig. 1. &
MPS9} APSE #8] Af¢} elx 72 7te] 234 =
E Z7W7e, EPSE 2318 ARAEE 434
ZAtHTable I11).
A 24 AT AETE 12 2,263 MPaZ 713
ge g R 43T 39N 23AEE

L
L

fol8)

A e gk RGA T dASE 2915 MPa2 B
ARSZ foatA =& @& Bt A%< 29 4

T8 ol AT E 3,491 MPast 3,963
MPaZ =& 22 29 tHTable IV), £3) 438+ 4

o @A
2 e

& ERAL AAE AE B o 2 v
#E Bk (Fig. 2).

2. BH A&7
njR A Az nhexd o] Al ¥ AR

(Ra)& 25 543 27 AYT 5T TAHLE &
94 A & e BYch(Fig. 3). &, ¥de 4

Group

Fig. 1. Transverse strength of experimental groups
(Group 1 - PMMA resin and desized glass fiber
complex, Group 2 - PMMA resin and MPS treated glass
fiber complex, Group 3- PMMA resin and EPS treated
glass fiber complex, Group 4 - PMMA resin and APS
treated glass fiber complex).

* Statistical significances were tested by one way
ANOVA and Duncar' s multiple cornparison test.

** The same letters indicate non-significant difference
between groups.

Table I11. Transverse strength of group1-4

Group N Transverse strength (Mean + S.D.) _ Pvalue’
1 8 110.25 £ 4.71 (0.01
2 8 123.91 £ 7.73
3 8 91.86 + 5.32
4 8 123.94 £12.07

U Statistical significances were tested by one way ANOVA
2 The same letters indicate non-significant difference between groups based on Duncan s multiple compar-

ison test

* Group 1 - PMMA resin and desized glass fiber complex, Group 2 - PMMA resin and MPS treated glass fiber
complex, Group 3 - PMMA resin and EPS treated glass fiber complex, Group 4 - PMMA resin and APS treat-

ed glass fiber comple
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Table IV. Young s modulus of group1-4

Group N Young s modulus (Mean + S.D.) Pvalue? = D?
1 8 2263.38 £ 359.57 0.0t a
2 8 3490.38 + 230.79 b
3 8 2014.88 + 164.84 c
4 8 3962.25 £ 549.72 d

Y Statistical significances were tested by one way ANOVA
? The same letters indicate non-significant difference between groups based on Duncan’ s multiple compar—

ison test

* Group 1 - PMMA resin and desized glass fiber complex, Group 2 - PMMA resin and MPS treated glass fiber
complex, Group 3 - PMMA resin and EPS treated glass fiber complex, Group 4 - PMMA resin and APS treat-

ed glass fiber complex

Fig. 2. Young s modulus of experimental groups
(Group 1 - PMMA resin and desized glass fiber
complex, Group 2 - PMMA resin and MPS treated glass
fiber complex, Group 3 - PMMA resin and EPS
treated glass fiber complex, Group 4 - PMMA resin and
APS treated glass fiber complex).

* Statistical significances were tested by one way
ANOVA and Duncan’ s multiple comparison test.

** The same letters indicate non-significant difference
between groups.

o2 Ak 2 e RE A AHE e
A7 A3 wpR Aol Hlgte] EH AA7](Ra)7t
0.2040 4 0.7602.2 =% Z7He < 290 A
oz fo AF FHE AHF 08 dFT2 vt
B A3 T ARZY Frhe HolA| 4t 43
T 29 Ragh2 PR & 0.1440A4 vt ¥ 0.0952
(AR 6), 4P 39 Raghe nH & 0.2829014
nlE F 026702 (HET 7), 48T 49 Ragt2 nt

o
e
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Fig. 3. Roughness value(Ra) of test specimens.

2 A (.153004 BlE & (.2690.2 (H™7 8) BA
Aoz §o3l Wzl g tHTable V).

Fart o9 °1W 54
MPS & APSE #g
Fofl 2 o] glol BET

7%7371 7} vﬂs}w_
_1:19,} EHE vy A
< 29 H(Fig. 4 and



Table V. Surface roughness of experimental groups

 Group. N Ra (Mean + S.D.) P value” D
1 10 0.204 + 0.077 (0.01 a
2 10 0.144 + 0.038 a
3 10 0.282 + 0.163 a
4 10 0.153 £ 0.080 a
5 10 0.760 £ 0.571 b
6 10 0.095 + 0.036 a
7 10 0.267 £ 0.094 a
8 10 0.249 +£ 0.116 a

Y Statistical significances were tested by one way ANOVA

? The same letters indicate non-significant difference between groups based on Duncan’ s multiple compar-
ison test

* Group 1 - PMMA resin and desized glass fiber complex, Group 2 - PMMA resin and MPS treated glass fiber
complex, Group 3 - PMMA resin and EPS treated glass fiber complex, Group 4 - PMMA resin and APS treat-
ed glass fiber complex

| i 1 Election Image 1 I Flitm

(a) Group 1 (PMMA resin and desized glass ﬁbé; (b) Group 2 (PMMA resin and MPS treated glass
complex) fiber complex)

1 Elecion Imags

[ [y T Election fmage 1

\ .
(¢c) Group 3 (PMMA resin and EPS treated {d) Group 4 (PMMA resin and APS treated
glass fiber complex) glass fiber complex).

B

Fig. 4. SEM images in each group before abrasion test.
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EFm b Eimntron tmage 1

(a) Group 5 (PMMA resin and desized glass fiber  (b) Group 6 (PMMA resin and MPS treated glass
complex after abrasion test) fiber complex after abrasion test)

T Election lsnage 1

{¢) Group 7 (PVIVIA resin and EPS treated ( ) Gloup 8 ( (PMMA resin and APS treated
glass fiber complex after abrasion test) glass fiber complex after abrasion test)

Fig. 5. SEM images in each group after abrasion test.
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U} EPSZ2 WA faAd /-8 Arie 35
E foEA ¥ 2FEE BAH(p<0.05).
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A4 429 A se FoAsA SR
(p€0.05).

3. A HEldA) Fe f2 ARE AR YA E
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#Ael ARZE vlBAE F feldA 18
A Hp(0.05).

4. A7 A F A RE AN AR
Ad7E ntR A Fo fol@ o}y
(p»0.05).
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ABSTRACT

EFFECTS OF VARIOUS SILANE COUPLING AGENTS
ON THE STRENGTH AND THE SURFACE ROUGHNESS
OF GLASS FIBER-ADDED PMMA RESIN

Sang-ll Lee, D.D.S., M.S.D., Chang-Whe Kim, D.D.S., M.S.D., Ph.D.,
Young-Jun Lim, D.D.S., M.S.D., Ph.D., Myung-Joo Kim, B.Sc., D.D.S., M.S., Ph.D,
Suk-Dae Yun, D.D.S., M.S.D., Ph.D.

Dept. of Prosthodontics, College of Dentistry, Seoul National Unroersity

Statements of problem: The fracture of acrylic resin dentures remains an unsolved prob-
lem. Therefore, many investigations have been performed and various approaches to strength-
ening acrylic resin, for example, the reinforcement of heat-cured acrylic resin using glass
fibers, have been suggested over the years. Silane is important for bonding between glass fiber
and resin.

Purpose: The aim of the present study was to investigate the effect of various silane on the
strength of PMMA resin and roughness of resin-glass fiber complex after abrasion test.

Material and methods: 3mm glass fiber (Chopped strand, Hankuk fiber Co., Milyang, Korea)
was treated with 3 kinds of silane (MPS, EPS, APS) (Sila-ace, Chisso chemical, Tokyo,
Japan) and mixed with PMMA resin(Vertex RS, Vertex Dental B.V., Zeist, Netherlands). Transverse
strength and Young s modulus was measured using Instron (Instron model 4466, Instron,
Massachusetts, USA). After abrasion test (The 858 Mini Bionix IT Test System, MTS System Co.,
Minnesota, USA) surface roughness was evaluated using tester (Form Talysurf plus, Taylor Hopson
Ltd., Leicester, England). Examination of scanning electron microscope was also performed

Results: Within this study, the following conclusions were drawn.

1. Surface treatment of glass fiber with MPS and APS increased transverse strength of PMMA
resin complex, but surface treatment with EPS decreased transverse strength of PMMA resin
complex (p<0.05).

2. Silane treated glass fiber increased Young s modulus of PMMA resin complex compared to desized
glass fiber (p<0.05).

3. Roughness increased after abrasion test in case of PMMA resin reinforced with desized glass
fiber (p<0.05). '

4. Roughness change was not observed after abrasion test in case of PMMA resin reinforced with
silane treated glass fiber (p>0.05).

Key words : Glass fiber, Silane, PMMA resin, Surface roughness, Transverse strength
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