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'Vl�t! 1�rJ1�11urn1:ufu1;1��mm1vitflfJ1imntieiu11tl'1i1 (t11!t11 trn�flw� 2548, 2548, 2550 tm� 
2551) 1�fJ'Vl\o'll;leJ.:J1�flTJ'lf'W�ift1'.lurnrn\o'l-a-t1wiffrnvi�i1 it1ff1i1m.:i'lJei.:im1:11o1'.im�'l�1�1m 
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RRIMFLOW i i1 fl1'rn1�fJN '111fl i�N1;111�'1'11fl1'a''lJfJlfJ'lJellH'lJ\?lfl7'a'fl7'.iiJ-a-��m1m11 uiiJuuutw1 
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«A "" .,,,. 1JJ .-d., lJJ <(1JJ 91 'J) .% «A GJ 91'1 • t'V'IOt\?l'.ifJ:IJfl71111flfJ1.:J1i'.i'.i:IJ'lf1\?lO'V'IOfl !Clf�'Vl11;1fll tt!Clf t\ol�1fJfl11:IJ'lft!t'V'IO'Yl�1;10.:J &'lf 'Wfll'a'
��i i'1mimovi�u�1 ii 'Wm'.iti .:iilwi-:um�m-a-1�trli1m11 u .:i1u�� i"�\91'o.:ifl1'.ifl17:IJ 

d U'lJ.:JU'.i.:J�.:J 

V 'J) <'I • <;' <;' r q'fl�1fJfl11:IJ'lf'W (Moisture cure process) Ul;l�'.i�UU &CJfl;l-!111;1 (Sol-gel process) 1\o'lfJ'V'l'IJ11'.i�UU Sol-

gel process �iim1i� ei�:ulw 1'V'l'.iW1;1 i\?l'.itel'Vlelfl9fiCJfrnt1 (APS) trn�t\?l\?l'.i�rnvi1;1001'Ylcif�m'VI 
(TEOS) 11:unu 1 i ff:IJ'LI�i i1 m-a-�\o'liJ'.i � muu�u i"'e!� nu'V'l m ff� fl'V'I o�rnvi�u rn ot '.i'V'l'VI 1 rn 'Yltrn� 'l u 

V , V 

mi.:Jfll'.iU'lf'I-Jlff .:iviff� 1\o'lfJm'V'l1�trn�fi1fl17:IJJJ7t.J 'Vlll-J�OU'.i .:J!'QOl-.1'11 �.:J fll'.iU'lf'W 7,i�ijfi7ff .:Jfl11f1ell-J 
SJ q SJ 
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mrnitl11 'W'Ylfl'lf\o'lfl1'.i'Vl�1;1ei.:i �.:it�oflm11�uui1'l t.Jfll'.i'Vl� 1;1 ei.:i1o1eiu�ei i iJ 1�fJ'V'IU1w1.:i1in:1J'lf1�; 
q q 
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ff:IJ'LI�il-!fll'j��1.h�mumvh1'\o'l Ul;l�'V'l1J11fl11vit\?11t1:1J'illflfJl.:Jviiimrn�tl1m!fl 1:urnflm'H�fJ\9l1'il� 
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'l tt'.i� \o'liJ'.i � mi1 'Vi� fl17 i1 ei fl 111ni1 'VI� 1;10.:i 1 <if m 1 i um1 �� iJ 1 � mu1 �M 11.:i �1'll ei.:i $i' u fJ7.:J nu'V'l '1 lff� fl 
'Wt1ilrnviilmVJe111-wVJ1rnVJ'Ufl�1111 vhr! 'W'U11m11ut11 ih.1m1��1h::;mu 11-i'�mfl t�rnirntriffrn 
�.::S ll) 9,/.c:t a., d. d ii ': .::i. d a, C'lJ -=i..::! ll) 'JJ • 'Vll;l'W t�� trn�M1;1.:i111flm�fl 1 Ml-.11fJ7.:J 1 uthmwff .:i l\o'lt1'.i::;umnm1mfluflf1UflffrnY11;11-.1 t\o'l'Wlt1m1., 
24 'lf1J tm�V.:Jff11J1'.itl.:Jff11J1'.it1i�.:i1'Wi��u1;1::;ijm11JU�.:JU'.i.:Jil-l�\o'liJ'.i�ffll-J'11�.:J1llflfl1'.i�\o'liJ'.i�fflt! 
iiJm\'1iJ'.i�1J1W 1 !�O'W 

"" ,.,J ., llj <(I/J9''J) ,: <;' 9'J) ., lJJ ..t\?l'.i tl:IJffl'.i 1;l �1;11fJfl11fJN1i'.i nl'lfl\?l 'VI ff1:IJ1'.i m1;1m t l-J CJf t � �1 fJfl1UJ'IJ'l-J & � tJfll';j & 'lfffl'j 11;1 m I l-JC}f 
;iam1iJ1�mm i CJfrn'W 2 'lf'W\o'l ;ia o::;iJ1 'W 1 V11vi1;1 L\?l'.i rn'Vl eJflCJf L CJfrn 'W (APS) trn�t1o11o11�rnV11;1 eiei 1 'Vl 
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cifi'lm'Vl (TEOS) t\ol1fJ:IJfl111�t11im�1J1'Wfl1'.i 2 '.i�UU ;io 1::;uuvivi1ittr{fl$i'1t1f117:J.J;'W (Moisture
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�f1�1Vfl111Jtff'I.J (Moisture cure process) !!'1�'.i�'IJ'IJ !G]'?H'iHl (sol-gel process) 11-wl 'I.Jf1'.i�'IJ1'1.Jfll'JVh 
iif ffn�1vfl1111luvi1mrn1'1Jfl1JOWl1fl1J'IJO.:JITff1J�t�m1�CJft\91'1.J '!Hmw 30 m1 muii:lunm 1 'lflJ 

q q q <u 

vi�Wl11J1J 18°C 'ff11.Ji1.Jm�'IJ11.Jfll'H!'IJ'IJ!CJf'1-!11'1 A�m1'111'1fl1!1.JCJf TEOS (Tetraethyl 
. " 

orthosilicate) 111111w 30 11'1 uii'1n1uiilunm 4 'lflJ viow11fliJ l8°C m1�'illf1'W1.J fl1'1JrllJOWl1fl1J . 
q cu q q cu 

" . 

'llo�i:--1ff1111.:iffo.:i1�'1J'Uvi 30°c m\'1i�11u1vi'1mii1..1 2.5 % 111111w 30 1J'1 1�nm11..1m1mu 10 u1vi 
if'io 11f1n\ol1lijn1v1 !ff !\ol'Jl'19fff!rn�116mmmrnn11..1 l1"1�'illf1i!1.J'!fof1111-j' 24 4-1 !11.:J flO'l-!'lJl 111 
'Vl\ol'10.:Jf111�\ol111�ff11.J 

Ingredient 

ENR-25* 
N�C0

3 

Wingstay L 
Bisphenol A 
APS 
* 

Quantity (phr) 

100 
3 
1 

10 
7.5 

Quantity (g) 

30 
0.91 
0.30 
3.05 
2.28 

11..1�'I-!\9101..1nwvi \ol'1 o� m1 � \ol 'l.h�m1..1 � o.:ir11'1Jr1111l1mw '1Jo.:im1�'VI 1 l if n '.i� 'ii 1m� u�u �� 
I I 'JI 'j} 'j} 

�o.:i m1 �\ol 1 \o'IVfll '.i i.:i rwo 1 if iu om1i 'Yi1fiu 'Vlni1..1 'VI \ol ffO'IJ 1m �,J 1m11J1'Vl\ol ffO'IJ m 1� \ol'l.h �mu iu

d ,,i ,1 'Vl\olffO'Url111J!!'IJ.:J!!H!!'IJ'I.Jm 01.J (Shear strength) \PlllJlJ l\Pl'JJTI.J ASTM D2399 U'1�'lf'l-!'Vl\olff0'1.Jrl111J 
G Al 

· d 0 !!'IJ�U'J.:J!!'IJ'IJ1JOf1 (Cleavage peel strength) \PlllJlJ1\Pl'Jj11.J ASTM D3807 1.JOf1'illf11.J'Vllfll'J'Vl\olffO'IJ 
QI� ,:!l c::i, Q.I I o fflJ'IJ\Plf11'JV\ol\Pl\oll1M!!'lf1.J1 \PlllJlJWl'Jj11.J lJOf1. 521-2527 
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a.lcohol 
conden�n 

E:Si-OC1Hs + HO-Sil= -· $Si-O-Si= + CiH�H

watu 

condcnsallfill 
S.SI-OH + HO-Si- . GSi-0-SiE: + HlO 

Overall teaciion 

Si(OC:Hs)c + 2H10

_l.,j -'"""""" )IJ 'i' )IJ "" I 41Jfl 10 1Jijfl1mm1 !e7 A�";i Hlcifriml�r11'UHUU'U0.:.I TEOS (Hashim, et al 1995) 
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'illflltliii 8 �lfl111J¢i'l'W'l'll'W\Pltl!!Ht�tl'W'H�-:JU'lf'l41'1Hl-:Jfl11vi'l� TEOS tl1mw 10 :i.rnm1�'l� 
ti.,. d I I d

'l 
'JI ti"' 'l 'J/ ?I APS 'j:IJltlA 7.5 phr 1Jfll'tl-:Jfl1lfll1'1'1 'If TEOS 'jlJlt}! 30 lJ mi� GJJ' APS 2.5 phr tu'Wf·HllJl'illfl 

nn'l� TEOS tl1mw 10 mnrn�'l� APS 7.5 phr tn\Pltl6n1rn1�ffl1\J'HUfl11 'illfl�fl'.l:lW�'IJtl-:Jfll1� 

'lcfltl1mw TEOS 'lutl1mw�u\?lmh-:inu �ti �n11w�'llt1-:im111c1.:i'il1flm11tim1wi1mi'1 1rlt1'lcfl 

TEOS 

., .,

'1fl1JW�'llt1.:.im111tl'-:i'il1nnn1tim 1wi111�11liiii:-w]�mtn\Pl�'WU'W!'WtJ 1�uti�!!N'W'Wmff�fl vi1 'l tt' 

� � � -� � di ..:::.. I Q..q 
2.5.3 fl'Yl'.fi'Wll'll'U�!Ul�lJ";iiJlWn'l";i!'WiJfll";iU�\il�\ilfliliJ'U\il'U0.:.lfl11 

fffl'l:ll�'l'lli'W'1 'IJtJ-:JGJJ''W \Pl!rn �t11mw '1Jei-:im11�1J m1 V\Pl� \Pl 'llt1.:im1vN ENR-25 1�HJ'l'l\Plti ei-:i 
' 

'l y 

c:t. -=S ,c::t, -=::.. � ,c::t, 

1 "" d "" 1 "" GJJ'ffl';i!�lJfllW\Pl\91\Pl 3 GJJ''W\Pl flel fl1:IJ1 ';i'lHJ'W\Pl'W!';icif'W (Coumarone indene resine), rmtJf'W (Ko-

resin) Uti�vl'Wfl�fl!19f'W (Phenolic resin) !!�1!�elflffUt�lJfl11V\Pl�\Pl�l1l'lttfl111Jffl1Jl'Hli'Wfll';i�\Pl 

tl1�i,-1uii�1�-:i��\Pl mvhutl1tl1mwm':i1�1Jm10\Pl�\Pl1tlu o, 25, 50 uti� 10 phr 1\Plv'l� 
d .dt d a.,q a., ,:d � ' � i 

m�U1'W fll';i!\911 fJlJ!!UU Sol-gel process tmM 'illfllJfflJU\91 'H '1-:Jfll':i !! 'lf'Wl'l'l!!'IJ-:J!!';i-:J fl11 '11'1.:J'IJlfl'W 'W 

'Wl'Wl, tl�\Pltl'j�ffl'WflU�'W'l'l\PlfltJU 1lJ!!'1�'W'1lff�fl!!�1!rlel'W 11 ti '1'1\PlfftJUff'l'l U�fl 111J!!�.:J!! 'j .:Jfll'j V\Pl 
., ' 

�\Plf1t1'W!!t1�11�-:imrniil1 1�i:-itifl11'1'1\Plt10.:ii.:imrn.:iluI1Hi 11 
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1!1m1::�1ifltu 1<le1.:i111nr11f°111�1H;�1ml111::\l'.:in11 1'Ll�fl'W!�'WUfl'I.Jfll1 ;.:i11imll1rn'l11:nr11m1'Vl1.:im1ri'1

'V11-:im1ri'1 1�e11111fl1l111n$i'uVJu�1H�1fl1unw-ifi11�1 1�6fl ul>i111nm11"1''WeJ11'W::'lle1.:i�'VIHr.JW1�1u11e1u
.:::I SI I .J I QI 1 .:::I QI 9' 0 g/ T 1"3,k::i.QI .c:S ,!II.( cl 
'Vlq'fl lltl::r.j:1.Jfll'Vlq'fl!'lf'Wfl'W 'W'lltu::lf°lfl1fl'W11::lolel.:J 'Wll'ff'Wel'llell'ff'Wel tr11.:Jfl11"1 '11ij111fll'l'W.:J 'lfu':i::!f°l'Wfll'J

'ffl:1.J11fll!�.:J'U'W1�1'W'Vll.:Jfl11ri'l fl'Jt"U�.:J1'W1ifl1�rrn �fl$i''Wfll.:Jf1'1.J'l'ltll'ff�fl'U-:!Un\ne1vifi'W�'W'U':i::l�'Wfffl1l1

�n11$i''W'l'J'W�lfl11 11::l�'W'LI':i:: ifl'll'Ul'iellfl1J(,l';jfl1eJth.:i rvh,!u �.:Jfl11'1l'Ufli1ffl:I.Jl';jt)'IJfllf.11utim1u'J:::Qfl\911'W

11V111�.:i .:i1ul>iw7 1un-m1::�1ilflnlu 1iu �flit1m::1i1e1.:ihr

3. 'U 1111'U'Wfl1-l11fl111'Vl-l:I.Jlfl � ,:i,!u fl11117JJ1Hfi11 fl11fl1.:J
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vh 111'J1r11ff.:i1o11:1.11u�1fl t!niifl11'i'ihu-:i1�e1-:iil11�e1 'h.i-" 

QI � , : d !V d , '11t1.:ir11 1rn:: �fli11ff1::1wm 1tlu11u 0nrm11mm':ifl

"1111��1<le1.:i111nt.:i111 fln-iu m1t.:ijjr111m1 �.:iu 1.:i ci1.:if1ifl
l,)!1/o, .( !II.( "> I !I/ 1911f°lrnm1u1::mm 1n l';!u 1:: flel'I.Jfll'J �-;; fl 11 flel ff11.:i 11

o l,J. (, !I/� ,! O 0, '1 I 
'Vlfl1:rn.:iu1 iu 'lf'lf.:J'Uru::umMe1� m::1111.:imn::mu

.:i 1u n'I.J11i.l 1flum'VI 1:: 1p n 11 'U e1 .:i1J'l111'VI fl1ii flff .:i 'll t11

ur1�u'Vlf ul>ie1ci1.:ih�m:1.1m1�'111tun':i11n$i'uVJu�ey.:i

fl�11fiel u-;;::mw 1800 'I.Jl'Vl/flfl t.:iii111::1;/.:i1u1u1;,:i

1r11m mu t1 ::ffm':i t1'W:: \l'-lll 1nn11m'Ju1::: Qfl\91 n'IJ-:i 1u

1w;-:ilfl1J<o1':imrn
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d d o e:f01 o o 

u1::1f°1Uh1 flfl1'J11::U'W::'Wl'll''lffl mrnu::Ulll'IJ'I.Hlelfl'7'Vl1 

111'Ll�'IJ�,�fl1fl mrniur11n::ffi'Llvh.rn-:i1uu1:::1�'W 

ihri' t\! ,:r fl1 'O fl 1:um fl'U ij u�1 'W ii fl'l,J tu::ff1u !W fl U';i ::1� 'W 

l'Vl11::q'fl'Yllfl1li'Vl11'1.J11�fl 1flfiel�fl�ff11'1t)jfl'Wll 'U '111flU 

r1111Jniw1nimi11u::111l.i 11::fmhuunn 

3. fll'J'l11fl11 'Jlfllfll-l'Vl1111fiel'I.J1i.iu,'.fori1r1ty 'J1fl1

C:. o'd. O O .C::.. I 'VI el 1:lllJel 'J'VI 'I.J 1lJ 1'1'1 lfl 11'1'1 fl 'lf'W fl 'Jlfl 11! 'Vl-'.l fl11 fl 1.:J'Vl 111 
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Ha1l!l1:l::1i1�111:llfl fl11fl1-:J'Vl111el �rn-1!-:i '0-:J!�'U� -:J�fl 11 

ri1u-:ilJ1flfl17 1rn::1lir111 discourage l'i'11.111r11flN'V11':i 


