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Study on structural modification of silane coupling treatment

layer and the treatment effects
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Abstract
This study evaluated the effects of the existence water, cross-linking agents, basic catalyst, NH,OH, and
the silane with the different organic functional group on the treatment of the silane coupling agent. As
a result, the existence of some water was necessary, and the addition of the cross-linking agent and the
basic catalyst to the coupling agent raised the treatment effect. The silane with one double bond and two

hydrolysable functional groups, N-Bis, showed better waterproof durability compared with that of 3-MPS.
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Fig.1 Tensile bond strength of the resin to glass
plates treated with vinyltrimethoxysilane
(VS) and VS containing acetic acid after 2
days in 37°C water.
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3-MPS : CHz=C(CH3)-COO-CHzCH:zCH2-Si(OCHz)s
3-MPSC1:CH2=C(CHz3)-COO-CH2CH2CHzSi(CHy)2-Cl
3-MPSC2:CH2=C(CHz)-COO-CH:CH:zCH2Si(CHs)-Cl:
3-MPSC3:CHz=C(CH3)-COO-CH:CH:CH2-Si-Cls
3-MPSN : CHz=C(CH2)-COO-CH2CH>CH2-Si(NCO)s

Fig.2 Tensile bond strength of the resin to glass
plates treated with various silanes.



YT YRy T v 7RG OREESH & RER) R

B LXUVFHE

1. WBEEE ST QIBBRDAR

BEBRCHERH LTI ZADH 4 X1E, 3 x 15 X
15mm T, LA THE, 1M-NaOH KiEH I
1 BRREL, KToE% IM-HCIAKB®IC1H
DEREL/A. HERARICHEBERE VIO ML, XK
HAKRDOWTA F VMR THRE L, EiEesh 50T
TH/R L ERCAVWAY S VY BIUSERNEE
J = —0D1{t%ER % Table 1 I273¢. MHEERIE, ¥
FTD2BLPAwWt% Ty ) — Vi E L.

2. B LEEABORH

LERE AT IS 2wt % ALEREWE 200 ¢ LK L, B
B (EAEHR) 220 LNX, X¥¥75Y
2470l ¥as—(®) FHR) THER F0
TIVTHI AMICUEBERZ®BA L, ZRTTH
BL, ¥/ —i#HESE, 5mm o DRIE R

AvFRAYFL 7T —7TCHEAREREL .
BEMIILEEAR V7 74 V=a2—KYFF
I%Av, MERDOABN—Z b ZHMKICHD,
Mg, EFEIEREOX v AT EN:&R
BLREGOLEES L. EEREA Yy Y aMIL
7-EEE, MERBES T AREOEEMES XM
B0, EBRHBEL Y UHTOMKZEITS-0
THhb. KERMLAEZRTIE, 3-MPS D 4wt% T
¥ — VW 100 u LICK%ZO0~100 u L& ¥
J=NV&100~0pu LEMRA. BZIE 10wt%
KEHWHAZ, 3-MPS®D awt% L ¥ J — Vg
100 u LiCKk20u LEZY /-8 u LEMXZ,
2R%Z200 ¢ L& LAHEBREZRABLA. REHE
D 3MPS DHEEIL 2wt% &% b. BRAEYS V%M
WR T, 3-MPS @ 2wt% L ¥ / — VB HICH
BEDEL T /D 2wt% T / — VBB EFHED
FRILCRAL 200 u L & L7

Table 1 Polyfunctional monomers and silanes used in
this study and the codes.

Formula Code
Silane:
o
HC=C—COO—CH,CH,CH,—Si(OCH3); 3-MPS
o
HoC=C—CO0—CH,—Si(OCH)s 1-MMS
HC=CH—COO—CH,CH,CH,—Si(OCHg); 3-APS
C|3H3 _/CH2CH,CH,—Si(OCHg)s Bis
H2C=C—COO-N_
CH,CH,CH,—Si(OCH3)3
Polyfunctional monomer:
?H3 ?H3
9H3 QHS
CH;=C—COO—(CH,CH,0)3—0C—C=CH, TEGDMA
cH
CoHs /CHZ—OOC—C=CH2 TMPT
N

CHa C

CHs

CH,=C—-C00—CH, CH-00C—C=CH,
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3. EERBREMY

BRI, 3TCAKHIC 2 HHMRE, B & URER,
4T & 60T L DEKRMIC 40sec REZ 1 H A 7 vk
FTHHF—NT AL 7k FlR ) EERBRICH V.
H#RBROFHT 6 ME L, RBB I REEEY —
k75 7 AGS-500, RER#FEIE 1lmm/min TiTo 72
4. #etnig

FEICX o hiofliz, ThZPhoFYEs &
CERERELRD, —TEESESHE. Student-
Newman-Keuls % BB % T\, fERRH 5% Kill
TF— Y HOEOREETo 7.

BRBLUEE

1. 5 NBERICE T BRERKOTE

3-MPS ® 2wt% L% J — VinH (Z LR 10wt %
OREEZMAZ, #IAWMICKRT AL, LIV
AEELL:. BREBIVEBEEZL Y VOHEERS
7 b NCEERBE OBMT ORE L Table 2 IR
T, EFRSICKEREIRDONRVA, EH
DRAFOBEIENE, BWITIR VY VR
ORBEHEE Y, LYV EHT AME DI
HLTOEWILRGHE. THIEIKPLHEVE S
F DTN AFVIEOHKGRERISHVEE S, 7T
ARMDY T/ —NVERIE LWL EZLND
DRI T T 2%wt ® 3-MPS =¥ J —ViF
WISAKZRML, S OICUBFICEERY 10wt% ik
I UALER L 745 R % Table 327" 7. 10 ~ 30wt%

MBahs. F7: H—=<H4 7L 2000 EHEOE
RS L HWITOIRE % Table 4 I27RF. BRI
L DEEHOBEBEI A, BERSITBMT L. K
#30wt% R L7 E0EF MRS IE, ¥ 11MPa
EHENELRVY, BERTHEH T AHTRT
WL, LYVDAFTTRACHMIBEEL TSI LR
BFhD. TOEIICTNVIAFIFRDOY T MBI
&, A RE X O E RIS 2 RAE S 5 22T
B, JIBRRICAKASEBEICHELE L v R RALE
BIFZ BV EWghb.

Table 3 Tensile bond strength of the resin to
glass plates treated with 3-MPS
under the existence of water.

Water Strength™2

(Wt%) (MP3a) Fracture mode™
01 16.2 (5.5)ab OO00000
10 20.2 (3.5)2 000000
20 19.7 (5.6)ab 000000
30 19.9 (3.3)ab 00000,
40 18.3 (2.6)2b | 1 VAVAVAVAN
50 15.2 (4.4)b |1 JAVAVAVAN

*1: Temperature and humidity in the adhesion;
at 23°C, 23%.
*2: After 2 days in 37°C water and (SD).
Super characters with different letters indicate
a statistically significant difference for each test
group (p<0.05).
*3:0O Adhesive failure between resin and glass.
@ Cohesive failure of resin.
A Mixed failure of cohesive failure resin and
adhesive failure between glass and resin.

Table 4 Tensile bond strength of the resin to
glass plates treated with 3-MPS under
the existence of the water.

Water Strength*2

DKROFIM LY, TEERSIBL 2D, T W (Wt%) (MPa) Fracture mode*s
Wil LY OB EBEANIE AL TH Y, I 0™ 25.1 25-2;“ 000000
. . . Lo . - 10 26.8 (5.5)» e a4 1 I J
30 10.8 (2.8) 2. 8.6.6.8 & 4
Table 2 Tensile bond strength of the resin to glass plates 40 11.1 (6'5): *hKAAA
treated with 3-MPS under the different humidity. 50 CRACN LI, VAVAVAVA
Strength™! *1: Temperature and humidity in the adhesion; @23°C,
Temperature, humidity (MPa) Fracture mode"2 23%.
. - *2: After thermal 2,000 times and (SD).
23°C, 23% 16.2 (5.5) 000000 Super characters with different letters indicate a
23°C, 48% 16.5 (3.9)2 000000 statistically significant difference for each test

*1:After 2 days in 37°C water, and (SD). Super characters with
different letters indicate a statistically significant difference for

each test group (p<0.05).
*2:0 Adhesive failure between resin and glass.
@ Cohesive fracture of resin.

group (p<0.05).
*3:% Cohesive failure of glass.
@ Cohesive failure of resin.
A Mixed failure of cohesive failure resin and
adhesive failure between glass and resin.
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VI URBERICSERET S, -2 REM
L. B#EMOBEERUGE, HRG I HURE 22
S, RHFGOMILE o 7. Table 5 ICFERE
€/ ~v—o» EGDMA, TEGDMA. % LT TMPT
ZHRMUZRBHANCBIT S L Y O S & B
HOREERT. FRABICBVT, BEHMSICKE
LEIIFED Sk, EGDMA % TMPT (&, #—
TNV A 7V 10,000 EIEICBWTHERHML Y >
DBRBBIHEMREZ L ED LMD L, TEGDMA
LIV eHTADORMBIEE L Y ¥ OEIRBIED
REWHIETHo/. ZHOE/ ~—DH)H, L
VIFL 7Y a—#i%bD TEGDMA Ok
AL KEVDT, UWDE ) =12, RIE#
BREBOONIZEEZONS. RHFHIP~DORE
€/ = — EGDMA % TMPT i, #HEWBA
HIZHEMH B EBDNS.

3. VT LBEIRAD L OXY EELEHDF
il IFVES

BWIBRRUSIC & ) MG ORBAEE 20559
—2DKFBELT, Yo7 vaFIEOMAS
SRS RERISICE DB S h s v axd V&
DEBEEOHMID S, Thbb, 3MPSLHA
BOTNVNIaZFIHEEDLOAFVIYAINFY S
v (CHSi(OCHy;) BLUFFIFAMFTTT
(8i(OC,Hy),) & % MLBLFHFWIC 10wt% il L 7. 2
D2NDY I VIREBLUOHEEREDT T THY, M
KB H LA RIBICE Y, YUV IDEIHRZR
THERO YO X4 BEEEKT 5. AEBRTIE
FIG%E s 2272010, FRBBEHRTY I A
T % LERHE, 80 A6 14 HEIKRE A%, #
HM LY TERREL A L. Table 62—
VA 702,000 BB S5 T AT S L
VORI EHEMmORELRT. 3-MPS T

Table 5 Tensile bond strength of the resin to glass plates treated
with 3-MPS containing polyfunctional monomers.

Treatment Monomer Strength*2

agent (wt%) (MPg:) Fracture mode*?

3-MPS 01 15.9 (2.7)2 *OAANAN

3-MPS+EGDMA 1 15.9 (4.9)= 00000,

2 16.3 (3.9)2 00000~

5 17.5 (3.6)» (| 1 1 1 VAVAY

10 17.5 (3.2) 0000,/ 1~

3-MPS+TEGDMA 5 11.3 (1.7® YAVAVAVAVAVAN

10 17.0 (5.9) | YaVaVaVAVA

3-MPS+TMPT 5 13.2 (5.3)a 00000,

10 15.1 (2.8)a [ 1 _JAVAVAVAN

*1: Temperature and humidity in the adhesion: @23°C, 27%.
*2: After thermal 10,000 times and (SD).
Super characters with different letters indicate a statistically significant
difference for each test group (p<0.05).
*3:% Cohesive failure of glass.
@ Cohesive failure of resin.
A Mixed failure of cohesive failure resin and adhesive failure
between glass and resin.

Table 6 Tensile bond strength of the resin to glass plates treated with
3-MPS containing the silane, CH3Si(OCH3)3 and Si{(OC2Hs)4.

Standing Silane mixture*!

time after 3-MPS + 3-MPS +

treatment 3-MPS CH3Si(OCHz)s Si(OC2Hs)4
30 min 25.0 (4.7)ab*2 21.3 (4.9)abe 26.0 (5.1)n
3 days 20.1 (5.0)ved 21.6 (6.4)nbe 21.2 (3.5)be
7 days 13.2 (5.5)de 21.8 (5.7)ab 21.6 (5.7)abe

14 days 2.0 (2.6)f 16.1 (1.8)de 16.4 (1.9)cde

*1: 2wt% Silane mixture ethanol solution, 3-MPS/Silane = 9/1 wt ratio.
*2: Strength after thermal 2,000 times and MPa (SD).
Mean values with the same superscript letters were not significantly
different in each test group (p>0.05).
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Table 7 Tensile bond strength of the resin to the glass plates treated with

3-MPS containing NH,OH.

Immersion Acetic Concentration of NH:OH

condition acid 1M aM M Conc
2 days™! 24.7(6.0)"  22.7(5.3) 24.0 (4.5) 25.7(3.1) 27.8 (6.3)
2,000 times"?  24.0 (4.0) 23.6(2.6) 263(4.00 28931  26.2(7.4)

*1: In water at 37°C.
*2: Number of thermal cycles.
*3: Strength: MPa (SD).

There was no significantly different for each test group (p>0.05).
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Tensile bond strength (MPa)
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3-MPS:

1-MMS

CHo=C(CH3)-CO0O-CH2CH2CH2Si(OCHu)z

1-MMS: CH2=C(CHz)-COO-CHzSi(OCH3)s
3-APS: CH:=CH-COO-CH2CH=CH:=Si(OCH3)3
N-Bis: CH:=C(CH3)-CON-[CH2CH2CH2Si(OCHa)al2

After the treatment, the specimens were permitted to stand for

[ 30 min 7 days, 14 days, BE= 21 days.

1 day.

Fig.3 Tensile bond strength of the resin to glass plates
treated with the silane having various organic
functional group.



Y5 vhy ) v UBROREESE L nEgh R

L, BMERHOERELIZHI L. 3-APSD
RO T IE, 3-MPS 5 & UF 1-MMS (X A/h & W,
IhH 3N T iE, MELREHROARERL
bbb, MEKGHE, BUERRE & ICKRAPOKIC
I uRYUEEVMAKGHMLI-ZE, HHWI
HREREL) LORERL ', #EME) <
DEBRWGIT-ILICEY B LLLEZONS.
—7%. N-Bis i $ZD5FHEZRTOHGHH L1
MAGBEN) T HVaIXF L EE20LD:0, i
ERIBICE VIR S 0BG OHEEIX, 5 FLX
VTE XA, BMR=KTHEERRL, ol
BoORmMIMME L L, BEME/ ~—0BRELE
S L7270, MEQCKTIVLehoslbEZON
5.

6. MIBFBOEEIL ?

HIAWME BT s-MPS LB L, HRTK
BELEHMICLY VICHT M zHlE LA
(Fig.d). VIV OBEFEMS I, KEREE & 2K
BEICRA L 14 BRITIZ¥ O E o7 Thbb,
1y 7Y Y TRIOMBERA Tz T o T OXATE 72
59 A, WHET%, 8-MPS IEMASRIIE  fid K
BIE Y, FSRERBMNDY T/ — VB LU 3-MPS
BEDOY 7/ —VEBELI XY S5 TRER

30

N
o

Strength (MPa)
o

0 5

BT 5. OS5 FRIE, 3-MPS OfMAENARRE
ET1I~10RAELVEICEETLII LR, A
AENDLVYVEIR—DREEZBEHIT . —H,
MAE WA L ST TFHOKREEE, 77>
FN - =W ANRHAEHEICLY, FFEIL
PHEEL, RABNOL I VyE/v—DREY
W, SSICHMAIEAZUBEGR I 8 itk
DOFIRA ) T —DFEHSHL, oty IT—id
FFOMNC AT ZVaF I HEDL, YT/ -V
HIZFEALRFT, FELTOGFORNE %S
e, I ARMMERIE L7 3-MPS L O#E1:E
bhw®, RCBRELZABETE, Hv 7Y
YIRIOMENMBETTHEELLRS. L L, F
FORCOUHBORRIMELELEZ BT TAI L
CED, MR LAEE ThbbRIFRLIVE
DEEVHBOND LEZ TS, BTEE LTI,
WP, BHORZL S SN A BEmBE L, Il
Ml Sh5F oo FREZERSTICE DIE
L, MAFOMEZHEETSH. H 5\ Tempo %
RELI=Y oAy 7Y v TH% 3-MPS BRI
L, BEMCAEEOSFOREBEOEIL (B
RINE) ZESRICK VBN THIELEDNHITS
hs.

L s Yy
€€ € €€ €€ € €< 2
EDE Y EIEPL PEIEIEIEDEIE e
¢¢¢¢¢¢¢¢¢¢
)))))))))))
<<<<<<<<<<
)))))))))))))))

Standing time (day)

Fig.4 Tensile bond strength of the resin to the
glass treated with 3-MPS followed by

permitted to stand.
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