S oS Cd> ol 9 ISl gil BT dus o
o Rl g oles

s G:b‘sb)l? o> g rs&:}.g‘..\é 9 s> {*“5})&; G»qu oo
Sl eJlas s 9Ty ook o1 olK.2310 ¢ ard _sowiigio 05,5 )
Ol el csomdigyi g youdy olSidgls < joudy 5 S5 09,5 Y

Ul)“ ‘ul)-éf olKisls “53 6[&0&1{;}5‘& uMJd)A ‘U‘“"’U ‘5.& cuSiiils -y

VIAIYA by oo VIV 2l o g,

ouS

Bolgili- (S ol Slaidgy (Sl iy (53,55 ;mln 59 Sogliie 9 (Faimazr (Al jolate any imghy (0l o
Al g ead i B s T XY O D Bhs slaao,d Ly (D (S50 (655 (g (oS semdST)- (S 53l
ou o> bazme ;3 (o555 Cnglie 5 (Fair slopges] Gidin Pl i sl ans T Jlesl o)S SYs 8
s gl adex 51 (250,93 1l )3 Caglie 5 (Faiaz lie G (Kimnly 9929 tiud plal (Sl ds 00l S
5 9=b el (TGA) (55l (i (339 5T alasg any Shaogil i lidie (slano s (g5l iy (5> Caglin .09
TGA sl jlages y3 15V slales 4 Lol Jlitl g assd 5 1,5 (bl 090 e 565 ,3STas (sled 5 w55 4yl slaos
Oy et 50 1y Dlyde sl Sy g g e 0920 (SEM) (g (39 yiSIl 0gSmmig Sin s glial (sizmod 0o S onaliee
Divg 5Nl oo ps (B VL L Ik wsil eSSy (2381 5 ar el ates losi g ans b ICaT (Sl
Kbl 5glite sy o] b el Sl Uy dlio o el Sl (gla i gy 4 aiols 5L DSC (slacslSiles
o=t Sty 1Sy 50 Csllon czge g 0t dalss ki e (Sl ) Sty (St lwglias o (2B L
Sl Gy 45 0 et 5 0und S dglie i Ly il slagygesl plodl Sl a5 She (iby £ g0
Vb ol o oad Jloel (Sgyl Giigy (F0y55 sl p0 il 5 (Sotz il 6l o 0 ) Shoe ks

Syl a)S

(J_ug).’ H,MW—Y’)—@J,A ‘lS...L\_myb—‘smfsﬂ “r»m/‘slT tSLbU‘*—”’S‘ ‘5.\_45 Ol ols
(S iy (5395 ymil ) 3O S glio ¢ Mo o g0 5

) Sl Jgguit
sabamoazzami@yahoo.com Sy xSl pw o]
(DOI: 10.22078/pr.2017.2625.2286) Jiuzws auwlis



\FY

v Oloy Dde 3L dsllas

50 S gl iy R PERVERUNII A |
6)“-.*—?)[-.’ 9O 03l Cy—»é‘ B Q‘)f)g_il.} Q.>9)'_é‘
Ple— o dle ay Siga—oy,0f Y
a5 4 irad Al asged Sl —wiles
LJ’“-‘""9" ‘;Q)PM &)0‘5-" U‘)M 9 OJ.I_&.‘}L) )j‘.’.‘)
o303 5 Jmol slmosls 5 (g55t58 550 (o 4l
Jsle 31 ane 5 T3 Jlas il sl L]
Lol A>gie g 08,5 solatwl APTES Foa S i
A 9 9—2,0 VIO GITEOS 5o i Lo a s
/AR S IERKYRUES VIS S CIIWE SN L CSE /A B § A
o Jslge a s bl 5L AT ol oo 238l
5 b B 09 )0 (ot A Wl o0
s jmalS gl e g ole 8 o uSTos ool
1y e (e g0l 55 S 3] arem JT (g0
I8 plwlid S50 5 09,5 Al 5w by, 4
sasasylis Lasl iagh 5l J—ol> molis g ool
Coglin g (cross-cut) S plg> g0
Sldlae. [V o] 09 (S5 ae 9031 ,0) (50,55
Sl s 052s ptee ladal) Aty (6 l3585
5 Sy Ghmg d GloS oo g9—dge ol Bl
Slored 09581 51 ] 0 aS o, S o Ll o IS en
45 Sghyge Cge 5 e g5 UGk 5L
5 Cenglio Lioldl sl 1y o ls Glaran ol
8 s 959 (Sl Gl (50,95l
Y0 4SS —olKin a5 ols LiS EIS 9o ol
SIYO g Jsdsie g5—0 Sl 9L 5l Sig 0o
Sl )y A Sish ee Sige (g weo

1. (3-Glycidyloxypropyl) Trimethoxysilane
2. Electrochemical Impedance Spectroscopy
3. Tetraethyl Orthosilicate

4. Amino Propyl Etoxy Sylan

doddo

Clggm g oS Lomd ay i LIS )0 095 0,34 pastin

le 4 KL

S 90 Slod S uF O g0ty § dliid B alio
=S Sl Loy, [N -0l aslad 518 aallas
PRECCEIWESLIC- W DI gy B ST P ER NI SV P
=2 sl )5 5l (o)l jo Gloo i S O g0
L—b)::})ﬁ Jo bl 6L®u :’*% sLQL’

7 4ozl

53 ool )5 (0 590el8 Slo—s (Lo Sle
Ol b oo ool wl oy g Lddlgn A lio
Syt panie ply S Cde Ay oo WS 0,8
o Ssglio Jolod a8 cl 55 g9 o
w2 Sl 5 SHe ely S Y (595
x> ol Gl o] glel an (S
el 92 (S ey g Ese Gl 0 oS
3 2 By tahe Lo Sy den ot (e
0oVl Jlie lyie 4 0)ls 0925 (Sl 055
Coglie Sl SIS mgh, g ol LA o LB
M 3)lye ool 952 o5 (iole 5 (ST
LS oo sla by, Laais ol a8, sl— 5
A 5 (o el oot a8 S e 5
L ol —ilise slponisS s (0953l Lo,
ol s g Liagd Al pgailison ST S
Jolse 5l (Sl () (Ples ol Gl izen
5 Sz Gl Gl e a Sl
00y ool Sl (235 (59595 mln )0 Cnglie
s V] wg—s o slsml S J oS L a8 ol
a0 egiie Glidss ;3 sla Jlw o [f
a8 S Ojgo Sl () —ibs Pl Seie
o A Qe 5 (68 Jlie ploie 4ol
Ssbo (Sl (0 jeeelSBl iy (539500
Lk sle Ly oat Dol sk 3536
s Sly3e b ol oyl 5 azsls , GPTMS
g 98 ploml ) e 50 Gl Sy il
T stlang S eloel o il g0 ol



WAV 591 5o g 015 o doo 6 ylecis 0;,0!_"/;2

L /A ol 5o Ly HA 620 X 80 (5,2 ol
Ol S50 1Y Jsazr jo 0ad 70 Slak o
L W 313 b 5wl oo (g )lam )5 ol =l
Evonik Degussa &5, ;| Aerosil 200 g ,Lo pls
(J50 S 990md5-T) ¥ Joooroys 5 ool
oaSeMel Jsle (ly—e a4y (M S5 5
SRl P GEIWRCA S CICS BN W SL JUV-CopN T P
5 el Sl pla gV S (HsSUge Sl L
099 3 099 (Sl sla oy S g9 5l Lo Pl
ol ul 5y sl il Alls 4T
Dlas 518

AR

S LMP Joe a8 iulo;l S bglses oS o
S s el olse g Sl Ly 5 (050
=9y (9 08wy S 55 3lemile
SERON Technologeis &5 & C2100 AIS Jows (SEM)
ol Yeeeee =l S OBl gz o, S
Jo—s (DSC) Lolss —iug, il 5 ol
(ywssg—w Mettler Toledo &S5, & ol 1DSC
eSS, 5 Vo2 Joe pull off yg—e ;] s wo
$83_v300 Jos —inlS (gl cdlw (LIS
s i el il sl oy 8,
039 3=dbT ol yldl el 4500Qnix Jo—
Perkin Elmer <5 ,—5 <l (TGA) 55, > v
Jlas! ) Ky gt dS ol oo siacsVL|
2l g (s 53l blisn (i (i
(#Elej] glains By, b

YFA

ol Jds g oS e los il sl 5 & g0
39 5l aS ceul gy —tmles Lol iolisl 1l
oy o=le DNV S o 6,55l Loy § s,
Sl it ae) ;5 (5SUsS Loty &S
Gibn Gl slagiash 0 095U Sl
O3yl bl 10 GPTMS/ (S gl gl S ]
Hedare a s a e oy ol 4o ailea s 4 wolie LuSS
Chigy (S,95 il )0 Cnglie g Saiuz i3l
Sl ony 4 Blwglb &lyS Jol al> oy (S gl
(525 0 Shos 5 T 958l 55l 5 00 03553
G Sl Saglite 5 D35l e (S
Sry ad>yo )0 st 485 I8 ) 0550
=S 93 MS-Y) s Jsle Ly —Sal 53,
Oo—gy 9be (GPTMS) (M oS 5005 55 (292
€95 90,3l gl ad S 1,8 w00 JouB
e ooy LS ead ainlie v Ly 3 S3e iy

28,5 ol

(L gy 9 LolKiuws dlge) oy

Slge

Slasiw L Epiran01 g,low p L —Sel 003,
Sl Gl (oo 5l ) Jeoz ) gy
Sl Gal) S, (el = Gl 4 g o
i oo ol 5l (Sl Sas gz a0 S
s g lin G Ly 5050t iy 4y
B oI ;) o=l o aS el Jo 8 6
L el Sy Jsle izron 2300 0929 5508

Epiran01 .Sl o5, Slasin ) Jgus

Cools ol RV
ol - Ky 0,5 Slas sleass
S5l Yy S gleq OOO-FYY
=Sl jlade mol/100g SAAYAVN
(oSl 1§ ), APHA Voo iSlas
Sy abai °C Yo-sY

S e wit.% <\




¥4

v obey G U dsdllas

HA 620 X 80 o0iiS o lasein ¥ Jguo

dasine axlg ¢ lade
KV ESRWS (k1 ;o) AE)
' gl S0e A (mg KOH/g) Max
IPETOYEVS Y.--¥d. (mg KOH/g) (HA 620 100%)
FAs b2 G390 VA- gmol
e Jld g aen Yo gmol
YO°C jo 4 je8ung Oeer =Yerre mPas

=,

VY (59,5) Max.

Y-°C [0 aiewsls

</A0% +/Y g/em®

Sk gy 50 eadoslaiwl sl 0,3 ¢l Blasie ¥ Jeus

A>lgfdasine Sldie
(nm) ,lad \'Y
(M%/g) pyass maw Coluwe Ye-2Y0
(glem?’) (g, ol ascils YAT-0
oS g 0 olass 7If

(GPTMS) (Mems oS 55005 5 (S90S 9md W) JgSUg Ll } JSCo

Sl 0ol

O (oS 3 iy a

Oy S 30 (S 00l Sy j5late 4
O (oS g3l Cm 5500l 9L gy Sz STy
Sk (S g2l S j5alS 536 L s lie j5 late 4y
locnl (59,55 s 5 (S oles 04y 1o
BRI Y

1. Acid value
2. Amine value

B oS 321 gy Lo
Oy e 3 Bk D)3 530 2By jsLaie 4y
O > 5y, 400 g F XY N /D e sloas,s
P> Glome an bl g molie by pefine )90
o (= Gy Sl 0,5 aBLal (55 (490
by sly o= ¥V ) Pl g (Sl o)) o
Bevrpm ol sy oy s aido ¥r (o5 a2
Csy Jsle lge 4 HA 620X 80 (ol L 05—
10 o) clis polie a S 8,5 1,8 sl wl 0,50
03,51 ¥ oz ;3 ¢ (pls (Hig 9o S 5 0



“"‘\V )9-1)-&-»;0 9 O‘O).o Noo O)Lo.& .;-5-22

O Sl g Bl S gl slo gy cbo (V0,3 ¥ Jgu

Zl:: GPTMS ;5 9oy ﬁ::ﬁa (phr) HA 620X 80 cossS Csew (phr)Epiran01 .Sl o3,
\ - YVIYO Voo
Y - /0 YVIYO Voo
Y - \ YVIYO Yoo
g - Y YVIYO Voo
A - Y YVIYO Voo
4 - ¥ YVIYO Voo
\¢ - O YVIYO Voo
A <10 - YVIYO Voo
q \ - YVIYO Voo
\ Y - YVIYO Yoo
AR Y - YVIYO Yoo
\Y ¥ - YVIYO Voo
\Y A - AN Voo

23 Bekgill (S92 05 TV O (golo oud
st ! 5l esliul Uy alonsl 0 L5 ¥ (gla IS5
Sl )3) 1, @39t amjei 9 AT Ol OlsSise
Pl B S5 )y e 0 (5N
9 SIS g (Hlo (g a3 ) sl asge
= S Aalgi ce a0l sl Sl mas o
ol 51 o L (508 culin iiSen
ol s calie L3 Lyl g o3 i

il Sl LY

)9 d—2 O Y szl_’> Abges 4y .‘05_:).9 SEM el )
)35l a bl aazs claasols bLE 5 _an o
5 ¥ sl sladiges )0 l,390b Gl o) L
Oiml38l Sal an Leasgls g Lo B1eiSOL  S39 7.0
Oly3e0b ctale aoli8l 51 o 1, cowl 00, S Iy
(sl dalys il s s els o Lyl ol
S9l> dbged oy b yo SEM jogai 10 45 (555-bay

g oo oddlie LS Sy e /F

~ S gl (g9 e Al o ol S o5l
G—b g cul Oglate b S gl Lo oD
28, 5 o plzsl 5 J—w 01,8

ol ot 4y 48,5 Lol (glaggejl o 0l o
Diloa ools =izl g T o lsliwl g ol
(SEM) (oabrgy (539 58I 2959 S0

o Ple o Olde b sy S KSs )
Slwl 5l gylmme Olg—e amy (imen 55—y
Fo—wy S ool ! Ly el iy ol
loaiges 5| )0, peai SEM - oo 2SI (g,
PO i S SV SN EE-SAR I ) WA PR - B S PUON L
plosl aslonys 57 sy (6 macdy =)y 0900 &5 )3
sloe ghio ghw 5| SEM ;oslai ass S
@—bg a9 amle (9 )3 eah AW S
Al A b 5l S a Y L eSS
g 5l gy 9 gSy e gl
Cy Sl Gy slpaiged 4y ba o S



\[\)

v Oloy Dde 3L dsllas

Amirkabir University AIS2300C _SE| WD = 6.5 18.0 kV X 15K _ 3um

Skowogils (S59 2uo 50 ¥ (g9l diged dy bogs pa gy (59,55 Co9Sang ;S poguas ¥ Sl

Amirkabir University

AIS2300C _SEI _WD=6.5_18.0 kV_X 15K

kgl (S59 9 p0 ¥ (g9l diged s bogs po gy (9, g8y Sn pgeai ¥ JS



“"‘\V )9-1){-»;3 9 0‘0).0 Noo O)Lo.&

Amirkabir University

r) A
o~

&

2/

AlS2300C_SEl WD =6.3 20.0 kV_X 30K

\[\)\

um

SKlwgil (539 00 y0 B (9l diged o bogy o gy (9 5SU Co9Sung e pguai O S

Sl S DUIL celw Y SasasVeee °C
Sl jsalS gl (5 ool a5, 1)
B5F o7 5T (S5 slose,s sl ok oS5)l

sl 00l ool s £ Sl o
Kok oS 51l 51 TGA 0y ppas i g

At a s Sl TGA sla loge 4y o

2l pi S g B IeSOL 5 (Sleb

FSid o adged ) =l pae oauao ylis 1l

oS b (=l S 059 DI 3 oy oly o (]

Juasl YL glales au T, g ITD a5 55— o0
odilo Bl ool o jo LSy Ly o oS lay
5o Wl—wgil jlaae nolidl Ly e 2°C glws jo
b ol e (Sl ol B
2 =l g a5 00, 5 go s kgl (YL,
iy 65,1 s a4y 4 S ols g5 Hisiue [V]
g_;)‘)._> )._")J 5o é_:Lo AS—’ a—ile 9 od)_j g_J)._‘>LQ,e
O g Jlie jo Al slaay¥ 3l g 0S oo Jos
55 pilSe £ St 4o VY] oS e o lablon
S slad 10 (59 HdlS il dgpiis (glad> o g0
4 OJ_)LA‘;lJ )‘)_9 é‘ﬁ_n)_a..?u.) 4 b9_>).o Y..°C )‘

ol FganilaaS Ly STy eSS pae Jdo

ol (50555 Jlie yo s oLl S0,
sl Sanl s 5 LS 36 1 opdle
oAb ploml an plos oo tolin o bid S5 pae
TS Gt jo a8 0,8 o)Ll gy Ssy wil B
S o,lil o1 4 DSC ygel 5l ol

TGA (5 it 539 59001

P8 Ly (o St )l s 03 U]
plosl Kk (Sl (S0 ped Slogitigy ()l
3 =39 a0, (0 5 ¥V .Y) solo Lndigescd )3
=l e 039 Ul 3 e ki 5L )8
r9mi] ool 5o 00 ool l Ll a3 S |5
Ve °C0/min 20 &)l Cas s ¢ (g o]
el 0350 F0+ C - YO 20 O\l > 00ga s 4

(TGA) (J )1y (P (339 090! @
35— B ks (Sl olaml 05— o
G 45 05, S3 0l irgh ol o eolaiul
A 39 oy VO oy Bl oiilw 5158

Glod jo g a il oud LAz Cgb, Vi > ke



10Y

v Oloy Dde 3L dsllas

('/.)Q)'jsé){.ﬂ
L1 1t 65 0v< > .07

— -yl S35 Y

— Kkl (539 77

Yoo Yoo Yoo ..

Dee  $ev Yoo

CC) Lo

O F XY s i S5 slads o b (Cou jlaw) Sl Sl g 4 bgy o (TGA) 5l (i (339 Oyg0) # S

\.
q
A
’)’\ V
3
R
Be}
§ N
3 Y
1y
\
<Y <Y

-/f N

Sl gl oy

(TGA) ) i (535 9951 el 9 ol oy fsmo ¥ IS

(DSC) (odurgy (Jold5 (2rinlo S (190
2o 695 e 5 Bl )3 95U 51 (59 a0
YO C LY. jlloden e bl i L pllb Sl
o3| S V- °Cmin 2o Ol > e Lo
B mg sgao dlges 1 (59 9 S ndy plodl ()39
el e b Sl sy sy (S L8, 0
od—b ool i A i e )0 HA 620 X 80
a4 ‘Ias_,)a aSVPOC L5 A ooj.\;u)o OQLA;«S_:.;
sl 5 obly i a by e ailgi e o 5 8

O—Son £000C=Y oo led 08gaone (IS joloay
Loy Gidigy §oudy srCioud o B 4 el
Cu DGEBA S gl e 55 aJgl (slos aisls
U35 Y 0C sgos SladTolSi s el L oo
Sl sladiges a S J> o Y] el oa s
el sles Gimghy ol o et as b SIS
A2 o Las [ YF2C LYY oogasme jo o 50
s e Vet adlal 8150, S0 (ke 4
GBIV 00 dgus o 55 Al sles ksl
S35 AiSe 5l (8L ol oo 48 Sl aily
9 9=5b Bk &390 5 (6 onhy slowvopezss >
s Bokmsgil so s Enl331 L Jlyie rod
Jgoz) aslasly o8I T o (ITD) e 56 oy sle]

(0



WAV 591 5o g 015 o doo 6 ylecis 0;,0!_"/;2

(S 40) 5355 3,5kt 0]
= O g b &89 5U p 31 () 6l

Al 89y Sl by (59,55 0 Shas
b YooY alieds L ol gy oie SV
e de A5l gl 5wty T Jlesl gy
Jooe 5l ool ul Ly  1ITASTM B g, G—ibs
Ssby 9 YOEY °C )0 (o359 90mo)d B pua—way IS

ol plol F e« hr ol, 780 s

L oo onigy wialnj (59,55 Gliee A S 50
saol i dgh ol j0 ood atlw i g g9 90
Sl Gt 4o Cud Abe £95 90 ;o el
ol eols s (g yiinn (59,55 4 Cnglin 2>
Sly3e b aS 09 o At e yg—ajl il 5l Ll
Sl oo yiion (P S P A S L

0> 3l edidlne Gl 1y (Sl ) Sl
Do S 3ol lddigas ;o .0 S el ool
Coglio ggo /1) dn /0 5l Dl Jlaae rolidl L
sloas,s o aS Jb o 00,5 o odalin 55,45
Lol 09— od odmlie (gl oss 7Y 51 ,5YL

Gl L s Sy 55l sl iy 5o
g a8l yialS 58,65 i ldg ba sy
03,5 oy il ibigy (59,95 ln 50 Sesgli
Ol o0 1¥ 5 1Y sladigel ;0 4 S (5,9 boay C ]

1OF

ok 53l Glodigns (T, ) <o ,5s 2Slas slos & Jouo

(Tmax) S )JL)} sbo

FYDIOYY

Bogos s do o

FYH/HYA

FYAMADY

& |6 [t |=

LARIARY

5 s (1) leagil 4oy 58, WL, L
ol Gials ol sy STy ay by Sy
5 =i =l oo lLis alg oo ol fysl g 00ls
Sy STy o KL &l y3e 5L su S e silow
3= o, —en g Tarrio-Saavedra a5 ,5 b jlen ol
I s 5 Bk pod- (S el By 2STs
L S5l slodiges I DSC (o)l mals g assls
Olee (539 o3 Ve ) e ek 58 (e
pa—c 5l b ISl a s sls lzs i ol AHRXN
Lasl a8ly 5o aiails o gl (aSly JeSS
Apd o dolS LS is (f)3 aS ais )5 slaioy
i ) ol ) (age a il e Laasols (0l
5 yragsS gl (SiSu; i L o 5 0 4 0
DVF] sg—i o plsal jadl & 9oty cso STy
Bakmw (H59 920 0 sl (Sl (i35 45903 50
Sl a5 glosle S Sy S g5 0 L,

e—Pre g A a3l o bl Ce Sy STy sl

Sl lid glads o sz g odzen (g9,

A ) St S o0
B— A5 Ssl

C o /Y li..l.‘...:-kks...;}s‘
D=0 oot 550l

Chart Area
v i)

e A

A °C) Los

s o> ﬁQ)‘PJLS;;J‘ Q‘}:.AA | S



100

4541 5 Josbiwl o yge)l cplois 48,5 V-8 Jos
ot ool ASTM D

Ll 0l A JS_i ;0 Pull OFF (905 51 Jol> olis
03gdre £33, 5 oo odalin Jlogoi o aS 5 hiles
oo o cnl VIFmPa b Y o Saiw ol
58 Sk 91T sLnises 5 s Lnigas
Ol imsl38l o (g yadaxde J o8, 51 Aerosil200
(Urone—S 90emd-T) a4y Cod St
o= YL Lo g o,ls (GPTMS) (Do oS 505 5
F=lBl Son—r Gl Blusil wo)o

Lo il ol Ll a2 o ol c—wgume
S Yo EBl 15l e g (YY) 009 alais S
b ol B a S s bilen 09 B e caal e
=5b ol ol Jlge ailes co ol ol Jdo
Y g gy GhtlS oy anlp s L gog 38l
Ochi a5 ,5b -leo (i —Sad ials) cwlio
S a5 casl e 0g Sl amx o oK a2 g
Hlaie L GPTMS L ool 2 sl (s lwgil 0458
Sle 5 aiS g | (S lF o patie

Do) s ils cos 1ol a1 o

-y

v Oloy Dde 3L dsllas

ol a3l 1o l38l 50,55 70 g9l abges [ Ll
b b Vgl a8 CiS sl ole gl gl

09g— ua_UAAlJ )l" s o s Cld ) H‘?’S) q

o Lol o sval i o)l 0 S50 sloaSyi g

S ygmots 10 dsgas sy a | B DSC gl gols
g0 3,lge ol den a5 Cul ous plol a8l
g Pl pae g o SHSs o Ld S5 pue
Ol loads () (uma a8 Sz LY
idgie Gimbgy anY I ohnST g Lacdg xSl 594
oo Vs b hln (50,55 cerse 5 00,

Pull OFF (490

Saie awle jgtaio 4y Pull OFF g, 4 y9—0jl
Tob—w 4 by i b (San
L oo i slodiged —olad .ol plosl calizee

Ol ao &Sy Jole b oS 5 5l oy (25 (5,
Ja_wj.» Yl’:l:\ﬂug,«_.obbal_) \ de_‘> )é 03— )Jo

> 5l gou—<

m Sl Sy

(GPTMS) Plew (oS 5!

B A Sy

-I¥ Al -1
ESSEIV
pull off _Sarwe 50314 S5



WWAY o5 paed 3 15 yo Voo 0 ylas 0;@!_‘7;2

o gl sl a S 00, 5 o s il 009
adox 510 l5 0 don 10 K s i (5,135 ,L ol—0»
639 0 3l ‘;M 9 65‘))9':’ =l 5 Caglae
515508 L Lol il 00,5 Ll |, g3l 50, 5
o)_f A_Q‘P o8l D9 ua|5_> )9JM 00gd—xe
C eSS auje 9 LIl ] Ve aLes 5l g
e ge 555 A 3)lae (il Ao 50 a0
u_»‘)JL.) R PR Oy (Gomd—w 41»_.» gri’>)L»S)
GPTMS ouijlws 1 oanl e pae g Gl 00
oloul pae 5l oL 0l g0 S gl iligy
O S g,000 Loy 5 (o 553 slovisn
Lo ol D 5 o)) o Tl sl S
] o sla ulide (o 0 ei gl Ao
= odle Jimghy ol o el Al iy deo)o
Gloadl o age alox la S ol i g

\I\Y4

8 5 4o
g oz byl b e Ld ChS (S (59,95
Og—o3l a8 5 15 (b5l (5l Cenglie
Olydeil oo a g JoB 51, Sily o Sedas
@m..w J._ALC 9 099 szé)}} &_A..AjLM 5o liALN—A-H

45 S wnl s (S Gl 350 0 il
039w Lol Cl 009 i S I8 o0 , 31
29— ¥ MPa g0 > Ladigel 4o Sz 0
Sl @136 a5 asols (Las DSC sl ilKles
9le Sy Seit 5 o5l (g J2B S
sloles an sy 2STly 4 Lo pe 03l 5 Sy
9T, D dbges 10 g el 00,5 o Jlal YL
TGA 3] zols ioen .l A bls sooy
T, .. s ITD Jlaul cosms olis (o )),> cnglis)
a5t edaogl sy 0558 Ly WL slakes oy
D9y o=,y Cnglie dgpo oo ylii 4 S
Ol s 1,35 50 ao o asli8l L ol
ol amig g by 5l Jole o s (B eS
Loz ols /0 golo aiged ;5 45 (5 bay o8l
SEM j—slai vy 55— slas 5 g Bekewsil
) IS S ams s ey S, S
S 57 Sd g (Sher (PlsS () 45 3T
GPTMS- Sl § Kb S el slo gy

&>y

[1]. May M., Wang H. and Akid R., “Effects of the addition of inorganic nanoparticles on the adhesive strength of a

hybrid sol-gel epoxy system,” International Journal of Adhesion and Adhesives, Vol. 30, No. 6, pp. 505-512, 2010.

[2]. Conde M. C. M., Zanchi C. H., Rodrigues-Junior S. A., Carreno N. L. V., Ogliari F. A. and Piva E., “Nanofiller

loading level: Influence on selected properties of an adhesive resin,” Journal of Dentistry, Vol. 37, No. 5, pp. 331-

335, 2009.

[3]. Kang S., Hong S. I., Choe C. R., Park M., Rim S. and Kim J., “Preparation and characterization of epoxy

composites filled with functionalized nanosilica particles obtained via sol-gel process,” Polymer, Vol. 42, No. 3,



Yav e oley e il asdllag

pp. 879-887, 2001.

[4]. Sangermano M., Malucelli G., Amerio E., Priola A., Billi E. and Rizza G., “Photopolymerization of epoxy coat-

ings containing silica nanoparticles,” Progress in Organic Coatings, Vol. 54, No. 2, pp. 134-138, 2005.

[5]. Yuan J., Zhou S., Gu G. and Wu L., “Effect of the particle size of nanosilica on the performance of epoxy/silica

composite coatings,” Journal of Materials Science, Vol. 40, No. 15, pp. 3927-3932, 2005.

ooy iy 5yl 5 gy S b L perly 58 (6,5l ibgil 0, )l 1 (glaesia g (I oS 5.5 Jol s3la 5]
AYAS ol e

[7]. Chonkaew W., “Modifications of epoxy resins for improved mechanical and tribological performances and their

effects on curing kinetics,” PhD Thesis, University of North Texas, May, 2008.

[8]. Ghanbari A. and Attar M., “A study on the anticorrosion performance of epoxy nanocomposite coatings con-

taining epoxy-silane treated nano-silica on mild steel substrate,” Journal of Industrial and Engineering Chemistry,

Vol. 23, pp. 145-153, 2015.

[9]. Bakhshandeh E., Jannesari A., Ranjbar Z., Sobhani S. and Saeb M. R., “Anti-corrosion hybrid coatings based

on epoxy-silica nano-composites: Toward relationship between the morphology and EIS data,” Progress in Or-

ganic Coatings, Vol. 77, No. 7, pp. 1169-1183, 2014.

[10]. Farhad Y. N., Rahimi A. and Ershad L. A., “Synthesis and characterization of hybrid organic-inorganic nano-

composite coatings based on tetramethoxysilane and epoxy resins by sol-gel method,” Iranian Journal of Polymer

Science and Technology (in persian), Vol. 18, pp. 19-27, 2005.

[11]. Wang N., Cheng K., Wu H., Wang Ch., Wang Q. and Wang F., “Effect of nano-sized mesoporous silica

MCM-41 and MMT on corrosion properties of epoxy coating,” Progress in Organic Coatings, Vol. 75, Issue 4, pp.

386-391, 2012.

[12]. Hsiue G. H., Liu Y. L. and Liao H. H., “Flame-retardant epoxy resins: An approach from organic—inorganic hy-

brid nanocomposites,” Journal of Polymer Science Part A: Polymer Chemistry, Vol. 39, No. 7, pp. 986-996, 2001.

[Cass

[14]. Tarrio-Saavedra J., Lépez-Beceiro J., Naya S. and Artiaga R., “Effect of silica content on thermal stability of
fumed silica/epoxy composites,” Polymer Degradation and Stability, Vol. 93, No. 12, pp. 2133-2137, 2008.
[15]. Ochi M., Takahashi R. and Terauchi A., “Phase structure and mechanical and adhesion properties of epoxy/

silica hybrids,” Polymer, Vol. 42, No. 12, pp. 5151-5158, 2001.



Petroleum Research
Petroleum Research 2018 (July-September), Vol. 28, No.100. 52-56
DOI: 10.22078/pr.2018.2960.2381

]
A Comparison Between the Influence of
] - u u
Nano-Silica and Silane Coupling Agent
u
on Epoxy Coatings
Saba Moazzami Gudarzi**, Khosrow Khodabakhshi* and Ahmad Hallaji Sani *3
1. Department of Chemical Engineering, Faculty of Technical and Engineering, Islamic Azad University, Tehran, Iran.
2. Group of Paint and Coating, Iran Polymer and Petrochemical Institute, Tehran, Iran
3. Caspian faculty of engineering, College of engineering, University of Tehran
sabamoazzami@yahoo.com

DOI: 10.22078/pr.2017.2625.2286
Received: May/06/2017 Accepted: November/20/2017

In order to enhance adhesion and corrosion performance of an epoxy coating, epoxy-Nano silica and
epoxy-silane coatings were prepared in 0.5,1,2,3,4 and 5 wt.%, then they were applied to carbon steel
substrate. Adhesion test was performed on the prepared coatings using pull off test, furthermore corrosion
performance evaluated against salt spray conditions, and it was shown that there is a direct relationship
between adhesion and corrosion resistance of both types of coatings. Initial temperature of decomposition
(ITD) and temperature of maximum weightloss (T ) which obtained from thermo gravimetricanalysis (TGA)
of epoxy-silica coating showed a right shift to upper temperatures. Dispersion and distribution evaluation
of Nano-silica in epoxy matrix was carried out using SEM images. It was found that an increase in the Nano-
silica concentration is resulted in poor dispersion and distribution of nanoparticles, and consequently, the
coating formed a non-uniform film with large cracks. DSC thermo grams of epoxy-silica coatings showed
that incorporation of Nano-silica in epoxy matrix have several effects on the heat of reaction and kinetic
of curing, so that this inorganic filler hindered curing reaction. In total, it is proved that epoxy-silica coating
demonstrated better performance as a protective coating for carbon steel substrate in comparison with the
epoxy-silane system.

|
Keywords: Organic/Inorganic Coatings, Epoxy-Silica, Epoxy- GPTMS, Corrosion Resistance, Adhesion.



Introduction

Epoxy / silica composites due to their unique
properties, along with relatively low cost and ease
of construction, and its application on different
levels are welcomed by various industries. This
widespread application is due to the unique
properties of this type of resin, including chemical
resistance and high corrosion, good mechanical
and thermal properties, and adhesion to various
types of resin. In spite of all useful features, there
are also defects in epoxy resin. To enhance the
properties of epoxy resin, silane coupling agents
have been used to increase the adhesion and
corrosion resistance of epoxy resin, which are
generated by the sol-gel mechanism [1, 2]. In
recent years, various studies have been done
to improve the properties of the coating of
epoxy resin [3-6]. In spite of the large number
of studies on epoxy coatings, the former studies
of epoxy / nanosilica and epoxy / GPTMS have
not been compared in the same test conditions.
In this paper, in order to increase the adhesion
and corrosion resistance of epoxy coating, in the
first stage nanosilica particles were added to the
epoxy resin and its effect on corrosion, adhesion,
nanoparticle distribution and thermal resistance
of the coating was investigated. Then, in the
next step, the epoxy resin (3-glycidoxy propyl)
trimethoxysilane (GPTMS) was investigated as
before, and finally, two types of coating were

compared to select the appropriate method.

Discussion and Results

In order to diffuse silica nanoparticles in the
resin bed, weighing 0.5-1.2.3.4.5 by solvent
method was added directly to the xylene as a
solvent in the resin (for better spreading), the

ratio of the epoxy resin and the solvent 2 / 1,
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and since it was 40 minutes, its rotation speed
was 500 rpm. Polyamine HA 620X 80 was used
as a cooking agent. It was also used to propagate
silane material in the epoxy resin bed to prepare
epoxy-silane nanocomposite to compare with
epoxy-silica nanocomposite to improve adhesion
and anti-corrosion properties. A mixture of
toluene and distilled water was prepared in a
ratio of 95 to 5. The resulting mixture was then
mixed with magnetic stirrer for half an hour.
The resulting mixture was added to 50/50 to
silane material, and again for subtraction of the
mentioned materials, they were placed for two
hours; The resulting composition, like silica, was
added to the epoxy resin from 0.5% to 5%, and
after mixing completely, the mixer was applied to
the desired surface. The formation mechanism of
this type of epoxy-silane hybrid network differs
from epoxy-silica and is carried out according to
the sol-gel process.

Scanning Electron Microscope (SEM)

The specimen containing 1% of the weight of
the filter and a good uniformity in the fracture
surface was observed, which could be a reason
for the proper interaction of the organic phase
with the mineral by the proper modification of
the particles and the proper mixing conditions
in the mechanical mixing process. Samples
containing 2% by weight of silica nanoparticles
were observed in some points of the accumulated
hollows of the silica nanoparticles. As the amount
of nanoparticles reached, samples containing
4 and 5% by weight of mono unsatutions and
hawks increased sharply because of the increase
in the concentration of nanoparticles, their
tendency to squishing will increase.

TGA Thermal Weight Measurement Analysis

Adding silica to all epoxies causes ITD and Tmax
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to be transported at higher temperatures.

This increase in thermal stability results in a
high thermal stability of the nanosilica, which
causes a delay in the degradation of the organic
component of the nanocomposite.

Scanning Difference Thermometry (DSC)
The general behavior of epoxy resin cooking
with the HA 620 X 80 is shown in Figure 1. The
reduction in the percentage of the nanosilica
below the peak area of the cooking reaction has
been shown to decrease the negative effect of
the silica nanoparticles in the baking reaction.

The corrosion performance test (fog) in Figure

2 shows the corrosion rate of the undercoat

covered with two types of coatings made in
this study. Both types of coatings show a higher
corrosion resistance than pure epoxy coatings,
but this test shows that silica nanoparticles can
provide resistance to the substrate corrosion
resistance to the silicone composition.

Pull off test

The pull-off test was performed to calculate the
amount of adhesion of the coating to different
levels. The adhesion range is between 2 and 2.4

MPa.

e 1%wt silica+epoxy
— DUre €POXY
e 3%silica+epoxy

e 5%silica+epoOXy
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Figure 1: General behavior of baking epoxy resin with amine hardener.

7
Epoxy-silane(GPS) coating
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Figure 2: The results of the test of saline fats for the coatings made. The top row refers to epoxy-silane coatings

and the lower row for epoxy-silica coatings.



2.5

Strain

0 0.50% 1%

A
2
1.5 4
1 -
0.5
0 |

Petroleum Research, 2018(July-September), Vol. 28, No. 100

M epoxy-silica
epoxy-silane(GPTMS)
M pure epoxy

e
|I ‘I

2% 3% 4% 5%

Additive (%)
Figure 3: pull off adhesion test.

Conclusions

In this study, the effect of silica nanoparticles
and GPTMS silane agent on the properties of
epoxy coatings including corrosion performance,
adhesion, film quality, curing conditions and
thermal resistance were evaluated. The saline
test showed a significant effect on the presence
of silica nanoparticles in corrosion resistance,
and the effect of silicon gTPMS was weaker
than that of silica nanoparticles. In the case of
adhesion, the effect of silica nanoparticles was
higher, but the adhesion range of all specimens
was about 2 MPa. DSC deviations showed that
silica nanoparticles had a significant effect on
the baking mechanism and kinetics, and the
heat pump peak was transmitted to higher
temperatures. Transfer of ITD and Tmax to higher
temperatures by adding nanosilica percent
indicates improving thermal resistance cover.
The overall conclusion of this study is that the
effect of nanosilica up to a “specific loading rate”
in all cases, including corrosion and adhesion
resistance, is constructive and induces an
incremental process, but the properties of the
coating will decrease with the passage of the
range. One of the reasons for this is the mixing

and distribution of non-uniform additives and

interactions of the components, the incomplete
baking reaction due to the effect of additives on
the kinetics of the reaction can be mentioned,
and all of this leads to the lack of uniform film
formation and the lack of strength and integrity of
the three-dimensional resin network; Therefore,
the influence of moisture, electrolytes and
oxygen does not block the coating layer and cause
corrosion of the steel substrate. Considering that
the repair of nanoparticles is time-consuming and
costly for production at industrial scale, epoxy-
silica coating (without surface modification)
containing 3% of its made weight in addition to
good adhesion to the surface, has showed great
corrosive resistance which is one of the most

important findings of this study.
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