;&.‘kj”g AN 539 50 9 31050 15 o ko

o Rl gy (FOs93Ne (wleS> (w
3 ol b 5 31,3 836 (Sol> <5Vl

295 9 Serg SN Luilel SO0
R (90

U,y 4y 9 7 (bl plor ((ooupl ol puls
el el s oo olKimgy ¢ s Cblis 0,5

ANV o pmdy U AVIEIY 228l s 7,6

LRVCES

S5 Vg3 95 SYgs (Sl gy (Bl ely S il o (S D3l 558 (s gl ol 5 Saa
SVl S 2] gy Eaglin il cmgn 0,955 ] 3538l 8l i ol iUl elotgal gl il o0l
XIS Sai of 4o sy5atose Ve e Sl Gy (AT s SBY (golo Sy Ceoglio 0 S g0Ys 8wl oot e
sl gl prizan - sl 0055 Lo 53 g oyl g e aglie saias i A 0 V/Fx) 7 Qem? s>
Sle s og s 5l ASGB D golo Gidig d ol (6 Ssglin S GL LY (golm gy ol i Slen g 55Ul
Jemiliy Ly (oSileo YO« + h Jobo o (S5l (g5l lmaigad ;o cols (Lt (SKP) (pslS (—iig) w9y o951 @l
a5 39 (5l S b (AL et o e il 2Bl g 0,5 S SV e mV o4 VYO MVl g jua s
099 Sl SY Jomnily L 35 (59595 S8 50 ldel ol e 18U saaas s aS s o je S5l
ey VO e MV dg0 > i ATl g5l abged A Caid (650wl s molie 4 ley Goe (e 13 0,545
Slros 5 2l eSSy S 35 s (39,5 55 FYsb 5 (ialS Sl esliil Ly iy (AT 5 4o

O)L)_Jhso g?-’ﬁ”d—") uM_..uy ga_:)?(.aawyj_:)“s»_ajsrg‘ 65_52.) QL‘)5°°)—§J)—M-§‘) ‘-,’_?O)P g e— ‘O‘D)P

S8 (o olS (Shagy 9y ¢t brouiing I uilugel (SYIgg5 (oS gl LS 3 1 glS Lol

T L omeis iy 5 55 ks qslio adan 5l Galis dosdo
ol slmanie ol Ly aLlie 5w wa g, o, S99 & Caglie ]33] > (WL il

et SLaghy) 5l (oS wms e plail g S 4 s a S el WSt o ietes ) 595
sl it 5l ool wl ( 50,95 Co s S

neshatyj@ripi.ir S 1S Lyl
| 4_.‘9.‘ J05_14> 9 UM_AH.’ sg_g)‘_w‘d.} (DOI: 10.22078/pr.2019.3437.2572) : Jlusus awlis




1¥YaA )5.1).0‘433 9 a‘.b).o e e)Lo.& .:,-5_22

S 0958l 4 S cul eols s bz lados
o= ile dm ;500 Sy b ol panay Ly 5 (oo
Sy (50,9300 (ol 05y cezge (S o
0093l , Sl ploul a S adod 0 00,5
S 285 T G2l g Syl Gl Cenglie
wl_w‘).a w.u‘ 03— ML‘M /Yl ;ido..s g_)" Jj_l.‘z.a ).)
50555 5 Slyd ol aer Guilagsl sl mmls

y - 3L&A - “‘}é‘ & :L? 3 d_so‘sb =LS ‘)
=l e e u_m] S P >_15 g‘_':‘)b Lol oo

SARIPE WA § IRCCE Y

(SKP)" (p19lS (g W92 (3905

o sbposesl 5l (S ol sy 05—y
lsce o a8 4y 4§ el lan g iSII
099 9 7S g ) Gt ) (50,95 QS
D9y ol s () s SN a5
b9 S slo o) 2 g Lot 5l
Jily s Seslwl g (Selnoge s &j9—oa
Ll SKP Lo GglS (g g (o
Je—ily s =Soslal gy ol (SR o= ke
Ol 5l asged 5 @9 (led d (g5 39Sl
slopld Lo Iy a sl 3ole Lo )& Lol
Jo—ere sloa by, 5l esliiul ol oy
= og 2SIl 5o ol D wiile (oo Sl
ol 5 sliis s g lSel oS el L
gh— b2y Sl Jeily e olRis
Ages w5 2l OS] (6, Foslasl Lululy
b el Ghg) ol 5o sl 09 e
9 Sg—id g0 (5 S 03Il dmy g0 yo Galie bL& o
9y Sl oo Cwdds dSges o il aids
L St emily Lo L& (g5 00 aiis ()
odal i |y 09 = Gl bl bl o ay cod , Suin

Do Vol o, sy G lisee

1. Scanning Kelvin Probe

slodhS, gls Sl 4l glagidy
Sl clie Glapitgy alox 5l (S0 y950l
oslaul loasless, V] s e 5 lane o
Glop e Lo ol oo byt Sigy (] jo 00l
Sasle Sailosl Ly SaSow ol Lz
g oas s slalame 5 V5 b gl S ea
S sk GalS o oas saiiSa s slaalos,
cdadle Fo,95 mlp ol 0¥ 8 Lasls 5 olale
elboas LLod 5la sl 4, ol S o
ol il Jo el O o izmen g (s

e Yl en s> Jalse il jo il Csglie
Ol SIS glamans Sl)3 5l les 31 B jo
Ol Grmddei LS Wb o solaiwl gD g
V1ol Il sy (S 5 0l ials
S 5l a5 e LadiloSS, ol o e Iy b
5] (e T ST s S, IS
gl ;5 35290 (dne Slos i La IS [0
=P LS Lo )5 50 0l e g it ()
o aile (SLaS 5 ig @l olital 355
iy S M) Sl ge e
by g did OIS L—wgld oolgsls any 3Lt
Cdb s s a S by ite b Ly
Lo 5 wsbee (olowlids cul (555 Jols

gls—l Gl 5l GlaY ool 5=
O dsene Sgh e g (Sane sl LS
ol Lo 552alS 53 g 50 ooliiwl 090 (S
o= Lo bloilan ols IS e ol
(D> sl g, IS @lds G LE Y] el
o algee ©hdssb ol Wedos 5oz
JS—QJM ud)_f g_s—‘yﬁ‘bﬁ oS d—w 4_,‘)[ ‘_J.&w.:
iy Loy 5 ol (ohaST gl cds Sl
oo Lsw a s A g Y] aus sl S e
@3l =50 ek o Sle po (S 35S
Syl ol bla> g SauSaw ely 3 il o



(53,55 S 2l o)

bz glal> o 59,95 (lime 4 S 50 104
oy Glie 0Bl Sgliie 0B )
g > 5 (955 Sl mll g 00,5
2 aS (=)l Sl S g at e ]y (59,55
S =S oo el b Giligy 9 )5 )0 5 (59,55 39—
Sosite slagle; )3 ety slaa

LB g
Dy g vl el oy 69, y5absé ol

5 stbon—g S il (5ol i (0l 5o
sy shls sladiged 59, (sl (29 o
s 33 IS 57D 5 gl S¥Iy 5 oS
oSl 5 o szl Yo+ - hr L5 7Y/ S ol
Sty slo gz g9, 5wl gl ity
LS SL Y s ol ylias muls ane 5 7l Sl sal
DS oloml jidg jo 1) Coglie pm yige 9Siles o

SLRTIY
SYlgs Sl ) 13l 0y le 00l oolaiwl ol
L el (b ,55,la T EEW=175 L, D.ENN 431
Closite30b (c—dgiy 50 Cige) 5oL HW= 24
Oy diile S sl g, 5l Gides jo Dl 3L
&l o solawl T glains slaalgls | sola il g
byt ;a3 50,5950 Lo 1) 3 jotare (2
Sebds 0y, JelS jeba Olyd a Sl LS 00,5
L g% hr Soeas ol b ool wgd Lisu e legso
pae 5l ligedsl 3oy ol slodl Ve o o rpm e
Ol o 50l il (6555 S kb ol
VO min Soedy g oo a3lol a_Lol> by e a
JUSKY PG GO O = B GIUUWE O W R PN E99
Ve Slomans (59,0 dlol> S5) 09 ) 4 VY

Al Jlesl oo ooy oy g =il =i

1. Contact Potential Difference
2. Epoxide Equivalent Weight
3. Pearl Milling

—or 4= OlySe SKP slaop)l5 G St
Tob— (ol 2SIl (o) 2 (6 paal] (57395
S99 OISl (o 2 «SHLS ekt Lo ou ouBgy
5 =l slopld ;) ol p5ile 5 So,55
P o9 Rl 5 Sk sl
Slopld ) asl ol slad s ()2 ibs
ile Sly b b s ol Lt e, aidy
ety B3] | Jsay i 5 Lo _allsl
= 3 Ol Slbl ek gun bLE L Lyl (e
o Ll 3B o )
O S R T S L Sv Ly S ) A Ry
L sl ol Sy s b Y gl yg i1 L
gh— oYL g (o e 55 e IS
oled S 45 (S0 )0 Sl s )0 (- Sewe
Lo xSl 5l (Sl 058 )85 518 50 G (o2 )15
ol o=l a8 anliee s92 g i (e B 515
el iy (CPD) (ol Jaaslty BN ¢ g 5]
Pl Soa g g (laS ) a9
aled oo slaml I (Wg= Jlo)l ;K0S IS cg
ol ilmio ol bk s Jloeel )90 s
Jrily, IS g ou aBgie (9 2SIl Gl >
Jolre 8Ll 5ty oyl 5o B> ks
) adged Jeily L g (18 50) )15 b )l
ity i3] Gald ) el (Lgols 4o
oy Ly a8 ool 55 o (Vi) (sl

Salym B el ;) Ojg—ody S9Boe 0dell s

Ly Ol s o easylosl

W)

L‘ptip - @sample (\ )

_e B
5 asiged ) alyl i ey (ptip 9 (Psample ol s

039 45 sabi il (oS 5SUl e g 039 ()59
s5boled g g0 0051 digel e (S0 4y
S5 gaba G S Jdoa it aiS 4
So = 4sged g 5 (jg—w G 093 =l o2
Je—ily a5 ol 5l koo 205294 (S0 Sl
i GleTee D)l (5055 L peris LLS)
0318 Lo (50595 ol ) Jol> Jonily

Vpp =Volta potental =



“qu )%MS O‘O).O e O)Lo.:o .;-3—22

Girs) g 08§ 8790 Csb, Ly 4 laion

Sg— Vex) e mm?

oo g b

HPU Sloho (Sad 5L g S (e (w2

50 Ol (e g 0jlasilca 395 0926 () » (6l
P9 Sen ygbad (ATl Slmbo ity g (Sud
S5l A E 508 55U SIH(TEM) (5550 (955
aas o oloti \ IS TEM 1 yglas oo S d s
Shyd ool y gse g (ATl Slmio a5 S
Slmio JlS (iiSTy 5 and 5L el cowlio ]
S99 lydg il maw ol e >ge S
Sy o ile (30 L] (SauiSaw oly >
Sty iblis oly S 3y A el 09 e
DS o SS90 5 96

Slxio (TEM) (55508 (5955 gy S pgai | S
@MSB." U“J).)LA )Q R OA»S‘JJ lesﬁ"b

Lo iulgy gl (M (o052

O pum sga> Cslbrs L o gy Soiws 7ol
dn (S zols culoas asl Y Jous yo
3=Vl Ladiges plod jo i digy cdry 9 Jloos!
Cewl 039 il & MPa 3l a5 o lasliwl o>
Lyl

SR ibig) (orloard 9 7SI (puilel (503 s
IS 3 9l gols

o8 o 1y iy U5 caglio (gl il o
s 00 A_M..’LE.A )_i)dii l_: «/+\ Hz

1. Transmission Electron Microscope (TEM)
2. Adhesion
3. Saturated Calomel Electrode (SCE)

9190 (6wl a1 5l soliiwl L Lass, Jloacl
pleoi jo calrs ai ploil A VST & j5oay
Olomebl jolaie 4y .09 YO- 0+ pum oogazs ;o o gy
091 0 35, V0 Lae Lol la aigy JolS sy
O Wit (S8 Wil (6,)a YO C sles L
P95y See o0liiwl L (Sl (5, 50 3550
CM 30 Philips Co Jo—s ' (TEM) (5,5—uc —35,=S]!

LB )S 8 oy Oy

sy (St sy gl | (Sdaz G503
O3=03) ol 0,8 e 18 eoli il 050 mla s 4
D] as slsul ASTM D4541 o lasbul 3 b

ez ool eslaiul Ly Saiiz 5l
2% plol PosiTest AT-M o Pull Off

or9e3] o oLl Autolab PGSTAT 302N 5 273A
=39 Y1 S5 ol Jgde 40 YO °C slaos ;0 EIS
Voo kHz jloolaiwl 090 uslS )8 0 S 0 pla]
Sae Joils o Ve mV g aslo LY mHz s
()P Sy 4_:9.04 QB)JSJ‘ a_w )‘ oolas__wl l_$ )l_:
ZsimpWin |53l 5 51 eslaiwl Ly uslal 51 Jol>

ot oLl 3.22

Seeladge i (omyn g Jeilulidy (6 =Foslal sl
SKP5050 oS 5l Jiiigy pj oV d mlaw 50,65
—ad .ai eolai Wl KP Technology &S & el
Vg8 5l o] ez g 0090 ¥ mm oolaiwl 850 g
YO+ UM diged g g, G abold .ol YNF 35 S5
)93 Jags @9 9 Assed (o alols al i
3 b g S s Sl S 4y S
s o, IS 155 0,5 0 oS wo Layyge;] sl
J—8 085 8 s 09— w6 2,15 5
il slagle; jo Ladises (gl plodl |



(53,55 S 2l o)

o iy Sid Soins polic ) Jou

(MPa) ‘_,,f RCUUWE RS

(S9 0yd) Sl

ol gl 0 Lo

AA -

SYlgs S5y )

ARIA Y

SYlgs S'sy| Y

\RTAS A

SYgi oS! Y

990 ot dSgel 90 ;b g0l e .l
gl oaso i Jol o, slops 09— 0, lopu
Sl Sy am boye pgd o) loes 9 490 a0Y
So9abse 10+ hr 5l ey T bt aSogy 2 by
am by ye 0, aldpad g oad ;S SeeS 4 b, 4 sd,
S9-S5 y Eo—dge il 4S5 4Bl Aol aslEes 4y
Gidsy N e Y g 00y ale (om0
Cenglio yials Ladiges ol (690,010 .0,ls < Vs
05— ;=S sl 0,350 (i (T gyl Ay S
3O 0aiS A 0,39 3b ol Sb easmo Ll is 4 S
dg b o ul by bl ple S 0e o
—Yobs oaSawa ¥ LS as by ol o (S
Sl el sl e i8I 38 i (0,
s YT o s |y (50,95 w0asiyps slaps s
LaJgoa 8 Licbe Canslio ol au asg Ly [Y-
Oliee dged 93 72 )3 (5 y9aboge Lo il Lo
Sigy ol 45wl oe AalS L i Bgy Eoglia
SIS0 (S8 il onims L (tals
Ol Al L g jg s a4 S cul (LS5l
S9—i oo wilS iy Sanglie 5l Eg i8Il S5 i
Ssglio (il g St sl (Rl e
MY g—ese Jds (e a )la 5 0925 gy
o g oo lad S50 &l jd ol yepay IS &l 35 0
S ibe ;5 lerts Sl g (alierd ool 5L
IV ] sg—i o soliul s 5500

iz SKP (39051 gl

0,950 g it L (mlediged (55, SKP (y5)]
Olmts 8,5 O jg0 (ATGL LY (g9l il g
00— OO)BT 4 9 & 6LQJS_W )é lea_w J.»._,waL».: l_'fJﬁ

SY Cglie (a) ¥ b slop s a4 a2 g Lo
Jsl VO« hr Lsa ;o (EP) 0,35—L ;g0 —uSsl
15 s a2 Sy 3, S 8l e,
sy ol 5l o g ol slasl aJgl YE hr yles o
00,5 sadlie G sSOU sl loges 0 5 50)lg
Gl el Loy 398 g ol Sl a s
VT Qem? 5 i dsy ol Cenglio g s
it ol (il o ol asimnspli
*/+V Hz cnglan S35 Coglin )l ol 09—
Lo g ol i O Jsdome o Gidigy (9o Y53
4 pds Gids sl (Sl ol ST 4 4z g
s bors 2SI gl ol e [V 5 VAL s
S 7=l Y Jouz> 005 (e 89 VO hr o
Ol [ EP asged pilagel loa s (g 5lwad
057 A Snglie oy o lale Ay a3 oo
3536 gl slaiigy ;i s¥sb w il
sl plos 3 (ol 2SI Gulagel gl (IS
sl Il G L (mbraiged 69, hlide
030° O3—3] B S Sjgo ATHL S35 70 5 ¥
ALl YO °C glos y0 5 10 Sai ol g S
FoV sl s slo gove Ojg—ods mals ol
slas o bilen ol oo 03,9l F o ¥ Jglo> g
o e Cnglie Cl (aiie 0 sla i
Veoohr 3l oy VY ol b +/+) Hz
10 ol ity Saoglio jol )+ fogus (5 y9aboge
30 S 66U sl logai an a oo Lo oul S
g o=t a8 Ve hr Sl ey 398 Al g0 0
Lol ond LS aillge ay i, 50
(stlonog i8I BLad 5l ASTY (398 ol 4 amrgs
O Fomslie ity (Bli> ly S 35



+? FA 3
YYAA 599 st 9 010 30 Vo F o Lot ';,M4

1.00E+05

- «Y¥ hr|
-.--..----.-‘------.-. -\V;h}:
‘rewe -.-- e
~  1.00E+04 ""OOOQO-vocoo.ooooooo.,:-
g . L.
Q -
G e P =
>~ e Aaaag, L
N 1.00E+03
LOOEH02 AL
N 0 \ \ Yoo Yeoo Yeoor Yoooun
(Hz) i858
Devne
< “ Y¥ hr
R,
BN vl s
By W \o+ hr
Bov.e..
S
G
f\I] Yoeoo
Yooo Lo v N
. Yoooo  Yeeer Feure Forrve PBoeesr  Sevnn
7’ (Q.cm?)

ST IXID Sas Hj Jslome j0 0als jgaboge ‘5“.59;1 SY L oYed u,...JL\.;.J OSA}T (& 9 S 3564 (A & slo,loges \ JS\»A
J..:u 6&27&[9)’ 5 Yo °'C sk

0356 (y30 (oS al SY b gy il (5031 B ¥ Jgur

Z (Q.cm?) x\ « ¥ Rwe(Q. Cm?) x\ +F n C,, (nF cm?) (h) ;b
f/4 \IYY AN <IAA Yf
a/f YNg < [OY AR \Al
210 < IAY /¥ Yy VO




1ZI/ Q.cm?

-Z2” (Q.cm?)

g_j Jsloxe jo 0ads

1Zl/ Q.cm?

-7 (Q.cm?)

1.00E+08

SO PleS (o

1.00E+06* —_— \vz; h;r

t [ e —— " o hr

—— & .+ hr

LOOE+05 4 e \ o o o hr
1.00E+04

A 0 \ \. Voo Yooo Yeooo Youous

(Hz) b5 ,8

2.0E+07 T 2.0E+05 3%Clay

: ~ Ve hif

] g
1.6E+07 G LOEH05 |

] & —&— VY hr

i —— \O- hr

. 1.0E+00
12E+07 1 0.0E700 T.OE+05 20E+05 | — Y- hr

1 Z’ (Q.cm?) —e— F-¢ hr
8 OE+06 T
4.0E+06 |
0.0E+00 i -

0.0E+00 4.0E+06 8.0E+06 12E+07 1.6E+07 2.0E+07
7’ (Q.cm?)

s5abst (U5 359 Y sgl (oSl sy b 9¥s (il 5031 gL (0 g 3 (Gl slnlogas ¥ S0
YO C los , 3 AYI0 S

N o \ \e Yoo o Yeee Yeoeo Yooooo
(Hz) Luil5 )3
2.0E+07 3%Clay
8OE+05 3%Clay
_ 1
1.6E+07 | o 60E+05 | -
£ | Veoo hr
1 S 40B+05 3
1.2E+407 - S |
2.0E+05 1 Ve
] 0.0E+00 f ? e N0 hr
L 0.0E T.0E 20EH05 | —ye ¥+« hr
1 Z (Q.em?) —o—F-- hr
4.0E+06 Ve hr
0.0E+00 _
00E+00  40E+06  80E+06  12E+07  1.6E+07  2.0E+07
7’ (Q.cm?)

ol Jslome 30 0 jgabse (M (555 10 (55l (ouS sl (g b 9Y58 uilaal (5051 o 50U (o 5 3 (G (sl loges ¥ S

YO 'C slos o s AYIO Sod



+? FA &
YYAA g9 54 9 018 jo V48 o )lois .\LM/’ “

S gl redgy peslasel el s ¥ Jgur

(Qem?) VxR C, (uF. cm?) R (Q.cm?) x)-’ n C,. (nF cm?) (h) ;b
- - Y. AN AR v¥
- - YA AN /¥y Yy
vy Y \Y -1q¥ <10 Vo-
V0 Ay R <IAY AT Y-
Y VIA VIO <IAY Y/ Foo
A \/¥ VIY 19 £10 Yeooo

ST sl gy uilaal 9ol s F Jgu

(Qem?) VxR C,(uF.cm?) | R (Q.cm?) x) -~ n C,,, (nF cm?) (hr) ;e
AR <10 AR AR <100 YY
a 4 AR </AA AA Yy
-/4 /4 +/q <INY A/ VO
/A VY N </AY AIY Yoo
4 /A A <INY AR P
A V4 A A a/4 Yooo

3

;33 R
S FeYD-
é — _fy.——¥F..

Do —f0-

Y SPNRY P
RV PR
Y Py P
VeV Se
B_\Aee——\Y.o

@i slagle) 1o Cush ) aladsts ;o ool osls HI 3 wSel SY L oVed mhaw il Wy moe5 & S



(53,55 S 2l o)

(MmV) Joily Ly

¥

(mV) Jeily Ly

o 5
X(mm) Aa

Cagb, alaass ;o oul ools 13 (Clay) LSl /Y (gol> cuSgsl jidigs b oV¥d s Juily Wy ol ymss £ JSC%

doled S el eoVe b ol Juily

& 5 4o

Pl Bl (A5 lyde b 56 059, o
5 Vb 69, SIS (Sl Gidg (bla
stlror—2g 2SI plael mo i ol (o) 03l
S l38l g0 0,35 50 oyl o33l A S ols Lis
s 0o Jlasl SV Sayl iy e aglie
1Y ol by Caglin 0 S (go¥s b 0l
ly39b ;53U 039 m solw Vv 5l ey (S L
Sl Gty (Bl ply s ol S
TS Od (e 00l ()8 V5B (59, SYIos
Ol o993l A ol s (lien—Dg 2SIl el
Sl it Caglie Sl oz ge 0,39 L
W08 oYy da oy, sea b Jloeel SYIg S
Verr bl ey IS B Y (gsls i fe Ceagli
39— VY Quem? o> LY S ol 4o (5 9aboge
oo jo idie ol g Cenglie onims)lis 48
Ot (plooatg i8Il Guilaal gl il 00 95
it emsglie IS GL Y sl gy 45 ol
ol 053 5l ATGL 0 g5l ity A s
Gl sladiges jo wls Lt SKP gl ol ols
Joeily Ly (oSSl YO- + b o b yo (S5
=VeemVoas YO mV sga > 5l a )i e
by 0w il el g, 5 el
s5—az (ASGL aS 3gm (ol S s

LS e 0539550 (g aged il g YE B3l oy
VO mV o oga>a YO e h o lsa il i ols
S 929 pas g ol Sga5 aalol L .ol oo,
e 50,55 0aS S 5 e lail e ilSe
Slg lays pSIl (liorig xSU sl 2aSTy el
eS| gl o ol gilanST lasgi 00
28 S i 9 09 Sl B pman L 00, S o
oboe ol mhw by e o ity

Vorr h by el ssls sladiges o
S9a—> il e g ity Ly 0 SSbs
il S8l 5 08,5 sl Ve o mV aly - YO mV
el o 31 508 e IS i 3
b oamoliia S oo jpa> WSgbas
el (50,95 S 0 Dlp3e b ) e
eyl ol s ISy 4 S
S oS58 S s Ll 33 sty
Sy e 3y e (3,5 sk 5 505
A e ety Fapat g ity c 8y (5959
g o ools s J—8 im0 045 jobiles
Do e )3 05950 (90 (Sl SY ity
ey S 5 0ml Sl mlie 4 oL
Dy VO mV S0 > ey ASel gl
5 Gl el wl by by LS9l jo—a> yo
Sl g S S b e (59,5 S SYob
S0 Ly 0 je3 sl § ol (]
=5 Sdg S St s 9 08 (o0 S,

50 03l oe Bogm a |y Jibgy w58 g b



1¥YaA )5.1).0‘433 9 a‘.b).o e e)Lo.& .:,-5_22

b AP Hjema> 50 ey SN0 e MV S50 >
S50 yomn 5955 5 Vs 5 GalS S eolat ol Ly
a9 slaig 5 ol (ST g5l cdy xSl
So—i Ol 9 WS o0 J S |y (5095 Sae
) e B 5 et ) 4 Sl Sl
Adlys 03950 (il Hgma 2 Bly jo ojlasil o Fogal
Sr=Ssl> oVgd a bl el el 5l g

3 Olde il ol e 38U s lis 4 S oo
3 Smlgl (S SU Az STog (59,55 S
pimlSe L Lol ogis ol el aiile adsl J=lye
NENUINSET YN NNSOUE NI S HU
s olie 4 o) o e et 0 0,345

= B sl assai A Cod S0k

&y

[1]. Schweitzer P. A., Corrosion of Linings & Coatings, “Cathodic and inhibitor protection and corrosion monitoring,”
CRC, Press, 2006.

[2]. Mittal V., “Barrier properties of polymer clay nanocomposites,” Nova Science Publishers, 2010.

[3]. Akbarinezhad E., Bahremandi M. and Faridi H. R., “Another approach for ranking and evaluation organic paint
coatings via electrochemical impedance spectroscopy,” Corrosion Science, Vol. 51, pp. 356-363, 2009.

[4]. Hou X., Wang Y., Sun G., Huang R. and Zhang Ch., “Effect of polyaniline-modified glass flakes on the cor-
rosion protection properties of epoxy coatings. High Performance Polymers,” Vol. 29, No. 3, pp. 314-305, 2017.
[5]. Jadhav N., T. Matsuda and V. Gelling, “Mica/polypyrrole (doped) composite containing coatings for the cor-
rosion protection of cold rolled steel,” Journal of Coatings Technology and Research, Vol. 15, Issue 2, pp. 12-1,
2017.

[6]. Hari J., Horvath F., M6czé J., Renner K., and Pukanszky B., “Competitive interactions, structure and properties
in polymer/layered silicate nanocomposites,” Express Polymer Letters, Vol. 11, No. 6, pp. 479-470, 2017.

[7]- Yeh J. M., Liou S. J., Lai C. Y., Wu P. C. and Tsai T. Y., “Enhancement of corrosion protection effect in polyani-
line via the formation of polyaniline- clay nanocomposite materials,” Chemistry of Materials, Vol. 13, No. 3, pp.
1131-1136, 2001.

[8]. Knudsen and A. Forsgren, “Corrosion control through organic coating,” CRC Press, 2017.

[9]. Ray S. S. and M. Okamoto, “Polymer/layered silicate nanocomposites: a review from preparation to process-
ing,” Progress in Polymer Science, Vol. 28, No.11, pp. 1549-1539, 2003.

[10]. Akbarinezhad E., Ebrahimi M., Sharif F., Attar M. M. and Faridi H. R., “Synthesis and evaluating corrosion
protection effects of emeraldine base PAni/clay nanocomposite as a barrier pigment in zinc-rich ethyl silicate prim-
er,” Progress in Organic Coatings, Vol. 70, pp. 44-39, 2011.

[11]. ASTM, “Standard test method for pull-off strength of coatings using portable adhesion testers,” West Consho-
hocken, ASTM International, D4541-09e1, pp. 16-10, 2009.

[12]. Wisian-Neilson P., “Polymer films with embedded metal nanoparticles,” Springer Series in Materials Science,
Vol. 52, By Andreas Heilmann (Fraunhofer-Institut fir Werkstoffmechanik). Springer-Verlag: Berlin, Heidelberg,
New York. pp. 79-75, 2003.



(S 09 NS leS (o)

[13]. Klimow G., Fink N. and Grundmeier G., “Electrochemical studies of the inhibition of the cathodic delamination
of organically coated galvanised steel by thin conversion films,” Electrochimica Acta, Vol. 53, No. 3, pp. 1299-
1290, 2007.

[14]. Chalker P, Bull S. and Rickerby D., “A review of the methods for the evaluation of coating-substrate adhe-
sion,” Materials Science and Engineering, A, Vol. 140, pp. -592 583, 1991.

[15]. Zhai L., Ling G., Li J. and Wang Y., “The effect of nanoparticles on the adhesion of epoxy adhesive,” Materials
Letters, Vol. 60, Issue 25-26, pp. 3031-3033, 2006.

[16]. De Morais A., Pereira A. B., Teixeira J. P. and Cavaleiro N. C., “Strength of epoxy adhesive-bonded stain-
less-steel joints,” International Journal of Adhesion and Adhesives, Vol. 27, Issue 8, pp. -679 686, 2007.

[17]. Vaca-Cortés E., Lorenzo M. A,, Jirsa J. O., Wheat H. G. and Carrasquillo R. L., “Adhesion testing of epoxy
coating,” Center for transportation Research, Research Report, No. 1265-6, pp.1-129, 1998.

[18]. Mennucci M., Banczek E. P., Rodrigues P. R. P. and Costa |., “Evaluation of benzotriazole as corrosion inhib-
itor for carbon steel in simulated pore solution,” Cement and Concrete Composites, Vol. 31, No. 6, pp. 418 -424,
2009.

[19]. Amirudin A. and D. Thieny, “Application of electrochemical impedance spectroscopy to study the degradation
of polymer-coated metals,” Progress in Organic Coatings, Vol. 26, No. 1, pp. 1-28, 1995.

[20]. Hussain F., Hojjati M., Okamoto M. and Gorga R. E., “Polymer-matrix nanocomposites, processing, manufac-
turing, and application,” An Overview. Journal of Composite Materials, 40, Vol. 17, pp. 1575-1511, 2006.

[21]. Kalaivasan, N. and S.S. Shafi, “Enhancement of corrosion protection effect in mechanochemically synthe-

sized Polyaniline/MMT clay nanocomposites,” Arabian Journal of Chemistry, Vol. 10, pp. 127-133, 2017.



Petroleum Research
Petroleum Research, 2019(August-September), Vol. 29, No. 106, 11-13
DOI: 10.22078/pr.2019.3437.2572

Investigation of Anti-corrosion
Properties of Epoxy Coating Containing
Clay Nanoparticles Using EIS and
Scanning Kelvin Probe

Ghasem Ebrahimi, Jaber Neshati* and Fereshteh Rezaei

Corrosion Department, Research Institute of Petroleum Industry (RIPI), Tehran, Iran

neshatij@ripi.ir

DOI: 10.22078/pr.2019.3437.2572

Received: August/25/2018

INTRODUCTION

One of the mostimportant methods of controlling
the corrosion rate is the use of polymer and
composite coatings on the internal surfaces of
refinement and pipelines. Epoxy base coatings
containing anti-corrosion pigments are suitable
coatings for this purpose [1]. The pigments
used in these coatings can interfere with the
surface of the steel and corrosive environments
with different mechanisms such as damping or
barrierity. The barrier pigments protect steel from
corrosion by reducing the permeability of liquids
and gases. The clay nanoparticles are introduced
into the polymeric structure by solvent, in situ
polymerization and direct mixing. Oxygen, water,
and corrosive ions can control corrosion [2, 3].
Various studies have shown that the addition
of the clay alone or with other nanoparticles to

the epoxy matrix improves the anti-corrosion
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properties of the coating. In a study conducted
in 2007, the effect of adding zinc, silicon dioxide,
clay oxide and iron oxide on the resistance of
epoxy coatings and reducing the rate of corrosion
in @ 3% solution of brine has been compared.
According to the results of the impedance test,
all of these particles reduced the corrosion rate
and increased the coating strength, but the clay
particles and iron oxide had the highest impact
(4, 5].

These nanoparticles can form a barrier layer and

slow down the electrolyte penetration pathway.

METHODOLOGY

The materials used are: D.E.N 431 Epoxy Resin
with EEW =175, Polyamino Hardener with 24 HW
=, Nanoclay (Monte Myrnolite) Closite30b Sigma
Aldrich. Clay nanoparticles were added to the

resin in two volumes of 3 and 5 wt.%. Mechanical
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coatings such as stirrer and glass balls were used
to coat nanoparticles.

Finally, the resin is mixed with the desired
nanoparticle so that the particles are completely
dispersed in the resin evenly. This process
was performed for 6 hours at 2000 rpm. After
ensuring that no particles were agglomerated
and uniformly distributed, using a thin film on the
glass, the polypropylene hardener was added to
the resulting mixture and mixed for 15 minutes.
The weight/weight ratio of the resin to Hardener
was 13 to 1. The resulting paint was applied to
the scalded and depleted steel plates.

Applying the paint was performed using the air
spray process and single-layer. The thickness
of all coatings was in the range of 35-50 um.
In addition, to ensure complete cooking, they
were kept in oven at 35 ° C for 15 days. How
to disperse nanoparticles in epoxy resin using
a CM 30 Philips Co. (TEM) transmitted electron

microscope (TEM) was investigated.

RESULTS AND DISCUSSION

In the project, the effect of the clay nanoparticles
on the increase of protective properties of the
epoxy coating on carbon steel was studied. The
results of the electrochemical impedance showed
that the addition of this nanoparticle increased
the resistance of the epoxy coating applied to the
steel substrate. The coating resistance of 3% clay
after a 1000-hour immersion in salt water was
at about 107 Q.cm, indicating good resistance
to the coating in the corrosive environment.
The purpose of this study was to investigate the
effect of the Clay nanoparticles on the protective
properties of the epoxy coating on carbon steel.
The results of the electrochemical impedance

spectroscopy showed that the addition of this

nanoparticle increased the corrosion resistance
of the epoxy coating. The resistance of the
coating containing 3% nanoclay after 1000 hours
immersion in NaCl 3.5 wt.% was about 3.1 x 106
Q.cm, indicating good resistance to the coating
in the corrosive environment. Also, the results of
electrochemical impedance showed that coating
containing 3% nanoclay showed better resistance
than coating containing 5% nanoclay. The results
of the Scanning Kelvin Probe (SKP) showed that
in nanoclay-containing samples after 2500 hours,
the average potential of the surface gradually
dropped from -345 mV to -700 mV, and the
drop in surface potential in the presence of
nanoclay was much less than in presence of
nanoclay which indicates the positive effect of
these nanoparticles on corrosion control. Volta
potential of varnish without a nanoparticle
reached a much lower level over the same period
than a nanoclay sample of about 1500 mV.
Exfoliated nanoclays by reducing and prolonging
the penetration path of electrolyte containing
oxygen, water and corrosive ions controlled
the corrosion rate and postponed the time of

penetration of the electrolyte.
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