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Abstract:

Organic coatings are the single most widely applied materials to protect metallic substrates against corrosion.
Therefore, coating researchers need to understand how a coating can guarantee protective performance during
service life. This study it is tried to find how adhesion durability can affect the protective performance of a coating.
An epoxy resin (Araldite GY 783) was cured with a mixture of two types of hardeners (a polyether polyamine
and a cycloaliphatic polyamine) in four different mixing ratios (i.e. 20-80, 50-50, 70-30, 90-10) to achieve
various adhesion behaviors, water permeability, and viscoelastic properties. Samples were exposed to humidity
in the testing chamber for 300 days and adhesion was measured at wet and dry conditions over time. After drying,
adhesion loss and recovery were evaluated by a pull-off test. The electrochemical behavior of coatings was studied
by electrochemical impedance spectroscopy (EIS). A series of impedance spectra of coatings during exposure to
humidity were recorded and their protective properties were compared. The results showed a correlation between
protective properties and viscoelastic behavior of coatings. It was found that a sample with a cycloaliphatic
hardener has a higher elastic modulus (1275 MPa) and a sample with a polyether polyamine hardener has a lower
elastic modulus (465 MPa). Additionally, it was found that a sample with excellent initial protective properties
(1Z| =1010 Q cm?2), higher elastic modulus, and low initial water permeability (0.308 g/m2hr) may quickly fail
because of the adhesion failure after wet cycles.

Keywords: Protective coatings; Adhesion durability; EIS, Epoxy coatings; Equivalent electric circuits;
Breakpoint frequency


https://journal.ica.ir/article-1-50-fa.html

[ Downloaded from journal.ica.ir on 2026-01-30 ]

A | T o (18- 2 JL O (s o jlack (580555 (reusige 9 pgle doliliad

9y @ S 53l LA gy (S, 95 Cblia HU,) 3 (Saicea alge b ey

3 50mb SN0 055 lils (g 3 it 5 S HSSL
e Ll 053 plal ol (25 0 slatisy JB
LSl ) bl ol aS Wsd o Csbodd 5yl o 23
O VN SV PR PN YT PR ey
soks T 5 Say s Eob Culg 3 s s ol 55
25 ST Sy a by e 5 st

oy Jolge 358 0 e (655 1 (63L) S w2 0SB
23 S i 228 WY 55 (G5 gy Glapme JH 4
BEY AN AET ATIPEY) RS Fe K ST S G PVN |
Goss (o me 531y (e glo i b g leST
o ran K25 pleT 3 5305 55 g 5 gl S
ST 53 (6oL 5 Ol ,uws o7 55 sda Liia 5 3 503 sl
23 e 5 51258 g Sl G0y (s 25 5o g T
Gla e &5 o bl OB b § 1 s Sl ek opl S
Cusby Saal el 31 glaad Jlasl gles tals 5 ey
35 ALK 5 0l 5 Aas n 55 (S 3 oA 3
S SHLSKe e 25 S8 S s S )y
Sl by (S, e 5l il oS VIS
Y]eal

Bl gall $5) » (o &K 53 0K S s
AT Sz 5 2 5 s S ol o8 sl Ol
DY sl o fsn (Blim 3, 3 0311 & 4 55

23 Saslia e Sk o4 (Sl la ity
VM olard slbluslin s SO plys clush, plp
Coa 8l S 3,5 s slags T s Slsl b 5,8
S50 Sk gy sloul Ul b id g ol Lils 650
S 5 Ly 5 o JouS 55 n (slgas Sl
S 2055 3 bl e s3 by o 53 ey
ooV s el o el e V] il
Soslize (sla S5 5 lls oS Lo § 5 53 b (oS s

Cwlodiioslainl

¥ Taylor
® relaxation enthalpy
*Soer

AoNdo =

AL adls b Bl 22 5 oS S g s s
by i ok s ol Jalse 3585 51 Cmilas
BB e St b o8l B e 53 OT e
33 (Sl S 50 ol e Al 0 s
5 el f Gl slaoy s 5 Jaows Ssline Lol , 5
S L5 2l (Es5len 515 5 bles b 25k
Cb:)u&_&x&bﬂaﬂmﬁjybw\
D] sl e T

S opl 3550 53 el (o) 2 5 3 VNP Il 3 [F] Al
4 S e sl (30 T 5l it ol 4 S
03 a3 0 )Ll S S35 5 Lhibloe 55 S ki oot
dﬁf&T}JJﬁaUngJﬁgthjﬁ.w\
quoxsjis‘omo:\:ﬁxg\)uj;»;uﬂM;S
358 s g S G 5 Wl | 20 g s s
oS J S LT3 Cl 2l b Iy ST 5 05ST
e e R
Alg il Gl 35 Zanl 057 Sl WOT 553585 Cp s oS
kS J 1S Jale o JT gla i i Aol ys a8 sl ol
ol S 12l (S e
)n,u_.ﬂt_‘ﬂ\éupg&j)}g,"&;};‘* b ¢ ope
S sl slgiy b iy (S, 5l Cblis (g0 o0 4t
b iy (S 5 G Cnslin 1SS 5315 0550
AT 54 by 5 (S ((Oen 5 p Lo )
33 Cadg S e LI 5 (0L 5 4SS lau )
2y 5 (0b b ) L s r el Lol & ity
P OSI[OA] Gals owg) o ity 55 s Sdw
Wa il g g e (S093 534S e lodds QLS\CV}A
ol Ws e s ga¥ G s (S S sl
Ol B L Db S w5 ol [ g 58 50 ) b (or SPA

S b iy 5o ST ol 8 LS e 0Ly 4

' Mayne
¥ Ngyuen

"Funke


https://journal.ica.ir/article-1-50-fa.html

[ Downloaded from journal.ica.ir on 2026-01-30 ]

WA Sles (10— 20 JL) Y0 (gl 0, lach 155,55 a9 pole aalilesd | ) ¢

B9y @ S 53l LA g3 (S0, 93 ) Cllia HUS ) g (Saiacea plge b oy g

Lol o S g el desls i de clad,s
S s polgt 5 Sz ) o VIS
(b Slres s ilmand 1y S el ks
Ol dsb 55523 8 5150y b, 0l o1 e 65
A 02050 BB SIS 515 53 DS (B2 sb)
5050 3T GLabsy (b —an 5lse sl 3 .03 8
338 o e 055 oa) 53 o3l 350 (glaeans
& yan dgo )Y

ol GY783 s I)T S sy o5y 51 as s o) 02
CS i g ele oSG Jlab oS 55, s FoA |5 e
OV (ST oS sl ey ol s 0oz | oT Canailn
by Sy sl )13 140-1A8 gr/mol Uslas" s 5
ol gnl,T oS i 5 55 Lk 5l S )
Slasin &S Calods o3litn | IS T ails &85
338 o) Jgd 55 T B

Cdewr LMW Ao g3 onm s bt 503 (IS USY g
s o Ol 1) BT eSaaVI S s ol s 5 oS

=30 EIS) olarsy 2SI Lusliel i wial
S 2055 I blim L5l 0T 5 o e b
Gailob el el Joli 05057 ol ol a2 5 5
S Ab L groks Jlasl e foily ool a2 6 5 20
ol gesls 3lss F gl Al EIS s Cab 0T
SO ela Sl (WS (g SIS 5 geT
Ga¥ S by Caslie pidgy Cud by Ceglis (ol
o) &ft "y .»dea TR é}“.{!\ 64;‘.?).)
Blim ks, 5l ASs 5 aly Jlo Ol o ba o3l
a\,\\,oTrU;,;.\%ﬁfQ\ﬁ@fﬂsﬁ,uﬁﬁ
Sl o gl 0sadT pl 5 Ras cnl 535S
lods oslinul o i g S5, Chlis s,

G w9y 9 dMgn Y
Cy&‘@)\ﬁlﬂf‘f@du\:ﬂﬂ)Lﬂf 6&}2@\)}
FL au\.SC_o:_..»:J‘C}JJJJ‘U’_b}l’uLFJﬁ\J_‘)J

)J‘deh&W.u&gQ)mu)Jgf;j

oSy elgs (S8 Olasin ) (9o

(Gr/MOI) Jsb &3 000 st S &3
Yo ol Sl Aradur 76 BD
10 Ol gy ST IS Aradur 43

OIS S £45 98 bW w030 § SHIE WY Jou

SR Jave | Sladed JES ks éu:’jj@ O S (fNS; oi:) PStaer |
E' (25°C) MPa T9 (0 Ve (Mol/cm3) Aradur 76 BD : Aradur 43 e
\YVO V4 Ty axy /) YA YA
Ve FO vi/A Tyexy ¢ O O -0
AY$ 4% yexy/q Y VoY
£50 SYIY Ty X/ Q) QY

Y oS SIEIS 03T 6l 0XYe €M ;@\L{jufwsw,ﬁﬂ&g\s\ﬂﬂ&\gu,\axh CM bl LST37 ooV sy

‘EEW
fAradur

b ag Olgaol oS )l

'Electrochemical Impedance Spectroscopy
‘Araldit GY783


https://journal.ica.ir/article-1-50-fa.html

[ Downloaded from journal.ica.ir on 2026-01-30 ]

Ao W Hles (YO - ads JLew) YO alas o jlach « S, 93 ceusige g o gle dolilind

B9y @ S g3l LA 5y (S, 93 5 Clilia HUS ) g (Suhacea plge b oy g

S a4 s s ¢ By ¢S5 5l Calides (g ¥ 5 45505 a
3 om0k skl ol 55 M STl
e el Sle 5 s el 05e3T el
S 5 e s Sder s 5 )18 JSLK
SN gy lS oSams s ba g o35 5
Jlozors b o8s30k 5150 51 ey Ao ldl b gos .
o e Sdia 05057 o (s St g d2lS
G305 B8 13 5l 0 g5l (S i A5 el Y
s i (6, Soilll ol YF S 4 lases slos s
35 S K sla0 05T ples 3 oy 3T Lo oy 5bo
Coeo 38 iyl %FOE b ¥t Y °CeSlis

[0 Jasb o Mpat /¥ i, ens )8 sladgesT
2 b 9 G il iwiabo Y FLY

0331 dadisad (Blis elg o e
YU smnn ST 3 (albeodin i il (g 550y 7S
Sods S Olsea T Sl s s el LSS L
el 05031 L aalagby bl il 0L
b St Sl Al sl o boasi ST il
S @ 05T pl il o Sy Hlb, glaesls
<L lvium Compactstat  Jus ey sl oo
P v T S K R [ B X PN R TR H E S P-A Y
(s €S5SS 4 5 T e Ve LBl aals L 5
ools by badised) LI 25 S Juls (635 2SI aw
JAS Gl p (plih Jo J8) Jo IS pr o 35 2S00 ¢ (ot
b ol 3 Sl s S8 25,85 s iy
455 gl 51 o5 Sl eslizal L ol (glaosls s plon!
Ls o

4 0T 5l (fend o 4 4 g0 geas o5 a0 53T ol 51
Ll by & 10 o (Sl ) Comls b (0SS
Sladisad dosls [idgy WY ¥ i b S840 /p 50

J‘ B s L;Ubdb) BEN) 4._:.‘}\ QLAJ BE) odiosls e 5

‘Oho
*lvium Compact stat

by by agd -T-Y

o AiS Cdew gy e 93 LY i g sag sl
Lbug ol ag bl dl ol (6 20 58 sl S 4
S Gk B 5 o sk gyy S
5 Sl Sy 5 ples (St ol )
Gl bl S i Jlesl SV Sy ol =
gl 1l e OT (655 » iy dlas! 51 S (o5 - o
Cﬁ@ﬁ)&;fgﬁ‘)éclww‘#‘wj”@}b
Sy Lyl 5 (ASTM D 2651) di osls saind cwl b
23 Cole & 5 Lasee glos o ain oS5 oli b il
J)}.eég,ia'- rl.:ss;,o‘aw Dy :\;U’.:JLM?); Yoo oo
s 05, Ve E D (gossdous cla iy gl J
S g0 T 3l 03 gudoma ol 3l 2l ok sd g Lia S
S S (555 5 S gls Gsad 3ym > ks S
B3 Ogl b sizad Jb e als (g5l osbeT el Jlas!
e 8™ g, >\5Tr1_.; Sy gy Sy | Ly 503
Yo Jslee 35T glaghs Culies . (ASTM DA708) 45
BB SICRG Y PPIREIC S NP W JRP.
s 8 Cod a3 3l 03 s

03031 S gy -F-r

ool Sl s ST laphs 5 b hi g s
0357 3550 (Blim 5 (Shiar 55, (SIS
23 0T Gl tsy 4 alsl )3 S B S 1
Casby Ll 5 Cogby lS oaus 53 bdipad e
e Ol 53 5 <85 15 FOC gl 5 YN
S ) e S0 e T

ST Sl (T 0ga)T-)-FLY
eV w5 e bbby Shr )y ¢l
oas b 0 po5T ol s 8 ealinad 2887 ol 05T
Pl s KT Sy oS8 ol 005T S5
Sl e shie ol (51 A5 plonil (ASTM DA454L) 5,15k

' pull-off
¥ Posi Test- Pull Off Adhesion Tester
"Deflesko


https://journal.ica.ir/article-1-50-fa.html

[ Downloaded from journal.ica.ir on 2026-01-30 ]

WA Jles (10— p0 JL) 0 (g 0 lach 155,55 g g pole aslilisd | o

U9y 4 oS g3l SLAG 53 (S0, 93 ) blda HUS ) g (Sadacea alga HEU oy g

S0 Sy 5 651 Sleas S S o S (il
Lol oo baged o 5 gladnd Jlsl gles o 5YL
Ly oo b a gabie (6 51 (godiS S s il 3
DV NPTl 28 bl 5

bl HLE ) gslhgg.o}T -rY-r

3Bl 9o sl ylages —V-F-F

010 (YrAr Gladi i 4y b g o By 915 5 3L (slals s
Sy s Lk KLV P Gl JSa 53 80-e gVt
Al e 23 Cusb) Ol sk s 1) b ses ol (bli>
2 UZ]) peitagel dsde (Jsl 55500 5o ¥ IS ulal
(1029 cm?) wab o oYU jlow Hldis b gls 5875
S g5 Bl e a5 A0 55 0T 4 by e 5B a5
3ylse cpl Gaed 9 35 0 odalin Hls g j3 Gloy Ul
bl Yo oA ik 3 Jo s (Bl ol 5 L
Os &L 5 G5k ke, el 5, Ve Sl L [ VA]
SB Slases 53 g 35d e edalin LS5 (od g
S oy S YL Sl I8 4 5B sl e STl
10°—10° Q2 CM? (g0 3udomn 4 uilbosl Jgcke ol 5 ose
Sy 48Tl ol Sl syl ol Saes S e 3
03,5 | aslush, sl e pl dsb 3 YAy bl
@ oM s e e 4 bl e Al
FVsb 03 Cad8 5l e sl AT 5 ebans 1 2 s
Sl by ) 6ol gble jo bl el (55,)FY)
)§§L:fS:Jf@ﬁ\h\A)LUA.;):G;LAJ'Q{U):}@:;
ROLISE IR ALY -1 PRy coy [V S R - SV - A NS
AT 55 g &S i mla 53 (So )5 Soity Sl
JEt T3 5 0k £,0 Jid gy Soss T Gl 5 5
3 3b lals gabnl plail Jl 3 Jsloes 5 55 2L

b oo odalin YWY IS 550000 (64 5a5 3B a3l

“charge transfer

L35 15 05T sse Cugby oS s B8 Ll
36 sasly 5 [Z] poitaal Jste 02,805k sla some
Seslinal bds 8 ) (F L0835 51 b o
5438 e Joles slajlbe sl 5 56 sasl sla i
Lo dwlos O j g lalwglie Jold Lo ylde sl 1 pslas
s 8 IS b,y 0l Jsb s T Ok
33 8 b ) el gabs WIS 5 0T L e
Prn 3 B NS Oy e (FO 256 cusl;
Al e o, Casb)

el y Q}o;T -y-r-y

2oy ST Glagks (alsl 5 Ol &S eIl
2 ASTM D1653 5 lulel 5 w0y gy ol
3l s T s S o) e Ve e )
S5 by 4 5 Ll ey S35 L s Ll Csb
Sy 4 e ) O35 e A 5 505 SIS
05923 8 3 Cusby omlS oSaws 3 5 us (6,865l
mo 3l gl A3 sby 0L djb)sw 4 ol asl sl
S eslial 550 33T oks 51 OT S e S 6,5

s g

o g @Y

21915 093l —1-¥

Cand A=V VaoYs (DB (YooAr Glakiged sl 5
@L“J“fv\-hsxff’jw 035 s h s 2T Ll 4
i gad ¥ Jgder bl 358 s odalin ¥ Jgd 5 OT
231y el et AoV 5 alsls o S YeoAr s
YooAr sl &S cplaam g b das oo Ol W gad oy
Sl s 1y T b 51 (GodiS S ldie oy ST

Jisb Gl iy Hldie o 26ST (Glyls 4 gas cpl g 3500 5%

'Bode plot
"Breakpoint frequency


https://journal.ica.ir/article-1-50-fa.html

[ Downloaded from journal.ica.ir on 2026-01-30 ]

AV

VA s (Y0 - aas Jla) YO abis o ylach (80,93 oeuige 9 p ole doliliad

B9y @ S g3l LA 5y (S, 93 5 Clilia HUS ) g (Suhacea plge b oy g

Qemte g¥Vete (0000 (YeoAe Sladigod Sl p T s & S 21915 Y oo

Phase Angle (deg)

(+/+Y, gr/im?hr) o9l § Lg0s
YA YooAs
V/oY Or—0
V/#0 V-V
Y/04 LRSI

LOG (Z/ Ohm.cm?)

20-80

[N
N

[N
o

©

[<2]

~

1 2 3 4

100
90
80
70
60
50
40
30
20
10

LOG (f/ Hz)

+ 0 days m5 days 410 days 35 days x 70 days

© 106 days 155days —200 days 245 days

20-80

L 2
*x

..
0 Snesain®
2 -

1 0 1 2 3 4
LOG (f/ Hz)

+0days m 5 days 410 days X 70 days

© 106 days 155 days 200 days 245 days

VoA Sdigns 4 bgspo 3B Su8l5 9 8L sloges £ ICH


https://journal.ica.ir/article-1-50-fa.html

[ Downloaded from journal.ica.ir on 2026-01-30 ]

VP4 s (Y0 - ada Jloa) VO oalas o jlac < S0, 95 euaige § asle dolilad

Uiy @ oS gl GLAGR g (59593 Bl HUS ) g (Sutacaa alga yS0 g 2

AA

50-50
10 4000000
. 4473
sansnnnennnififg
7
o .......................
£ ey
£ 5
o
A ¥
o 3
o
- 2
1
0
-2 -1 0 1 2 3 4
LOG (f/ Hz)
+0day m5 days 410 days X 70 days
© 106 days 155 days 200 days 245 days
50-50
100 ‘
» aappeeeety YL LLLL]
80 .;ﬁ‘ ’ ® 0
..I. o AT xX .'
= 10 [ 'S A X
S u L 2 X .
= 60 [ | o, A X °
2 [ ] 4 X
2 40 [ o X L
S ¢ X °
£ 30 m “ g X °
20 ‘QY x“ o’
0 | B4k soe®®
" ( oo.,,x,n CcEeYY
-1 0 1 2 3 4
LOG (f/ Hz)
+ 0 days m 5 days 410 days 35 days X 70 days

© 106 days 155 days 200 days 245 days

0+—0+ (Sdignd & by B (G41915 9 8L sld505 .0 L

O =00 (G 503 45 Tl (ol (Gokins 0L 35050yl (Sdan
513 A (G4 pad 4 Lol (6 Cnd Bl ol
5 i S e fuab 4 S5 S 65 ol S Ol s
SET 5305 oledis S sl STy 5 ey o T 5
HVe=¥r cas EIS Calb js Ol 5 # Ji.i- ""qu“

s e Olis Aslusb, Ol dsb o

505 55 ml G Wil 3 s | Z] esliel e il s
5V 5l de . (10%Qem?) sl Ye—Ar I 2S00 (g
sdaliv YL (gla iS5 4 5B (gasly (o gudmea Jlazi
Cos a5 a7 5 5l able 45Tl oyl Kby 457 548
.@\ag&\p\@\aﬁj\;q};ﬁwwwu

335 o ol bl sas 55 Sl ol 53 5, WP e


https://journal.ica.ir/article-1-50-fa.html

[ Downloaded from journal.ica.ir on 2026-01-30 ]

A4

VP44 s (Y0 - ada Jlaa) VO oalas o jlac < 559,95 eaaige § asle dolilad

sl 4 oS 5l LAl g (S, 98 5 lilia HU8 ) g (Sadsaa alge G o)

La‘)‘b}»:l)b @b}@ﬁjadbja\)a ..s}.ilu.a L}inYL
ﬁ)ﬁﬁgﬂé’»@QA}}g'.ﬁéf@ﬂ,\i,\i
..L.f‘_sn sl Y dﬁ"‘;ﬁ ‘5‘;]9\‘1’ up\j>' ¢ o

VOUSKE 5o ) s B sasls 5 sk slasls ses

LOG (Z/ Ohm.cm?)

Phase Angle (deg)

100
90
80
70
60
50
40
30

70-30
9
-2 -1 0 1 2 3 4
LOG (f/ Hz)
+ 0 days m 5 days 410 days 35 days X% 70 days
© 106 days 155 days 200 days 245 days
70-30
® !Oﬁﬁﬁzi
.”;!Qﬁauull|*
* gL X
S QQX
o8 X
'3
pxX
X
) R
'
. X
if) %
Al
1 2 3 4
LOG (f/ Hz)
+ 0 days m5 days 410 days 35 days X 70 days
© 106 days 135 days 155 days 200 days 245 days

Yot Sdiged JBagly g O Hloges . T JCh

orildaal Jgite Tzl 53 Ve e £ JSKEL Gilas
20300 =0 5 Ye-AY 4 S (10%Qem*=Z)) (6 5wl
0> g Jsvf W opl 6l YU (gla 8 5 s 56 (ga gl
Ve Sl oyl 6 5Kl milS 5 (gossdoe 5 (A©)
J}&uﬁ odalive 104ﬂcm24{)ab;@‘ \.LL.L& |Z| Hldas e C_,.:jbjjj)

S il 3w bl G Wl 5 5 5B ga sl ) s


https://journal.ica.ir/article-1-50-fa.html

[ Downloaded from journal.ica.ir on 2026-01-30 ]

VP4 s (Y0 - ada Jloa) VO oalas o jlac < S0, 95 euaige § asle dolilad q.

o) @ oS gl SLaGA g (S35 93 )] il HUS )y (Sutacen algs il gy

90-10
8
’ 9,
o [Ssssssaiiattsy,,
£ °o"ﬁ=
Qs ..
: ol
C 4 s
~
= 3
U]
=
2
1
0
-2 -1 0 1 2 3 4
LOG (f/ Hz)
¢0days m5days A 10days x70days @ 106 days 155 days 200 days
i 90-10
90 ak
> 80 ‘**f"%x“
s 7 $° «
@ 60 ‘ X
= A
g . s S
o 4 T\
@ 30 ‘:’ ¥
e
s ghe® X
10 s AA“Q% XK
0 —M& RN v AQQQ(Z(—
2 1 0 1 2 3 4
LOG (f/ Hz)
| ¢ 0days A 10days < 35days x 70 days ® 106 days - 155 days — 200 days - 245 days|

o1 (Gdignd JBdsgl) g Sb slages Y IS

Shlis ol S Jm sl e BLSI A=) (64 g
blis b, rlos g s sl 1l 55 YooAr (64 sas
el ol b Ol I 5380 =)0 (G4 s

Joke sl oy YFY

EIS slassls sl dslae Slke g5 53 31 (g i) 53
Db e odalin A JSE 53 &S U eslizul

S bk 5 Cuglis Coo s Re¢ Jglows Cuslin Rs
2 S pleds S T3 Kb Zw 5 Sy

P3Ol LW Al on 56 5 By OS2t

ooVt (Ghiged D58 0 oalin V S 55 &S 5boles
L god st Cod a5l Lo 53 1y sl d gk o 2aS7
AL 5 56 asls op S (107QeMPZ]) 5l
~asai 4 by 5 5B (fomte 1 gl 53 (S B (Ge3 g
4 il (23lusby 59, V08 Sl e b e Q0 (g
Sl S5 53 (656 sasly 5 b o ials Qem?) T
Gred 03 S o My St VL ST e oy

33,8 oo AL s a3 Sl b ass Ol
S 35 p oalie Slpy 4 3B 5 0L (bl gad )


https://journal.ica.ir/article-1-50-fa.html

[ Downloaded from journal.ica.ir on 2026-01-30 ]

X WWAA 5l (YO - pau JLw) YO (alay o jlacdi (S0 93 (crusigo g p gl doliliad

B9y @ S 53l LA 53 (S, 98 5 Clilia JUS ) g (Suhacea plge b oy g

g 5 15 S e e gl 4 s SU) 6 sal

. .“-.. g - &
':}J@)LQ‘J"GJ'“Q'{’)}"LSL‘BU"‘;‘}}“’\:“)

(oot KT (Sl il sy ol g —FFY
Sy 5 ol i (6 8 e p 1S Sl i gy sl
G sy (I L b S e |y Ry Bl
B 2ls (Ko by Sl 4 Sy S 355 oy
S sph o Lol AS (e 38 by s 4 s S
S b ans 55 5 e S i i oK S b
b eyl cpl Sl pads (wy o b opl gl ST o i S5
5 Ui S phe mha g Ry 53 Dk 4 Ol5

[yy=1a] s, o T 5
V.:.._Jli.!)(ln Co) u:..‘ﬂy&)la-g;.:sjlar;i)@/\dg.z):
235k 0l 51 b Ol e 4 (I Re) iy el

.&;a-ﬁ"@v\ai’ V.A-N)

(b) Mansfeld circuit

5 (CoL) & s sa¥ g cb b fels g uS b i
i o (ReT) LU JUasl o las

- Jor S sl dile i g (saan 4l Oloj o
G e bl sl e (JUly Je) by Gl S b
osls b g 4 505 osle Slbe ol Ol cadS
L g 5 by G B 03 o st 3,10 SLpen
4 g S0 pl 53 358 e b Laesls b lie
g:,—w‘cl:u\Jb)))bd@‘éd%i{jb-&:ﬁ)d{f&ﬂé@
djv\?' %@Guwﬁuai‘éb&‘juﬁmuﬂdﬁj
OLES L gas 1SS a5 1, 2w (gl O Jlud Ol ¥
.M)@

LSU‘J'-S‘) "}";’6“ odalie ¥ d}.’o— BE) ny )}la Olea
-t T g s Ll G358V aipai 53 Sa)5

Zw

Randles circuit ()

T auilo § Joily Joleo S sle A S

Zw G4l Ol 3959 4 Olbo) £ J9oa

(395) Joko sle O Giloj cull 93 9 (T893 us19 £955 Olo) wges W
VFY YooAe
\E O b
114 Vet
ARIA LRI

'Randles
"manfeld


https://journal.ica.ir/article-1-50-fa.html

[ Downloaded from journal.ica.ir on 2026-01-30 ]

VWAl (YO - adu Jlus) VO oala 0 jlach (5083 ceudigs § a sle dolilind ay
9y @ S 53l (SLAGED 53 (S, 93 ) CilBlia B8 1 (Suhacen plge 0 oy

‘yuu""#u'u‘gﬁ.a

11
10 A

logR (ohm.cm?)

R

w A 00 O N 00 ©
1 1 1

0 2 6 12 26 34 40 54 64 70 77 90 97 105119134

(380) M

e 00-10  emili==70-30

50-50 et 20-80

Ol g b )l

logC(F. cm?)

0 2 6 12 26 34 40 54 64 70 77 90 97 105119134

(390) O

| e 90-10  ellie 70-30

50-50 et 20-80 |

BCagby Ol Jgb 301+ g¥e—Fe 90.-0+ gVe—Ar G by SI Cud b 9 Cenglio Il i A S

Caglie s IS als Lol syl Glbl & ged 95 ol
VoG Gl s (U Y a0 F) YeAe i
b b IR AL e (GBY s Y ) ST S
D 52 (GBVY (64550 €50) A0m)e (gaigad 53 G5
maen il o (G (645w Y0 YAy (gdgad 3l S
25 Y A (G4 gad 534S das o OLES 3l gs pl (6
5Bl n BT o g0 o 51 Fodd s i gy Bl
bt god Lkl 5 glsl 5 Ol S &S ol g T 5

S (o onS
b9 5 e 15 ZW (gl (la gl )l 5o ki O Jsir

s olas LA)\:}‘.J RV PgS

Caliben Gla i 53 (A3asb, Ol A K8 elul
ST i saen 3 IS s s sl sl L5t
Ol ol 558 e odalin sl b b 2158 5 Coe gl
g 93 Db gadsl I Ll Sa g s 4l
G S b e 5 0 Cuglie gadsl 2alS
S iy 0 plal S & ey e S s s
@) e b G5l S b Ll s il e o S
T 5 oo 5 b Sl Sl o e 513

AL o
G Caslie o Foml A ) g 0 SYLY A s

Sl 5 sl AR sy b s ol Al


https://journal.ica.ir/article-1-50-fa.html

[ Downloaded from journal.ica.ir on 2026-01-30 ]

qy | 1T S (10— s JL) 1D g 0 jland (o Su5 95 i g p gle doliliad

B9y @ S g3l LA 5y (S, 93 5 Clilia HUS ) g (Suhacea plge b oy g

(SPICagbs Olo) Jsb 33 ZW Sl Sl sl i 0 Jgur

LU sl cwslie (RCT)

BESARE BESALL BEARE 4 gai IS
V EXY/2F V #XH/YY Y AXY/AY Ye—Ar
V EXY/AS \ #Xe/7F VXY /78 Or=0-
YV EXY DY VL OXD/NF VL OXY/VY VoY
YV EXE/04 YV EX0/04 VOXE/YY Qe

S S 688 55 a¥ 3,5 (Coi)

SESARR BESALY SESARR 4 ga3 S
V-1 XZ/\F A=Y e XYYV Yo=Y e XO/YY Ye—Ar
V-1« XY/0A SARRY AR -\ XP/\Y AR
V-1 X114 A=Y+ XY/Y Y -1+ XY /AY Vet
Y-\ XY /¥ A=Y XY/44 Y=Y X¥/00 Qe

G OT oDl ko o7 GGV gad e ) Lo
Al Ve N ke s a8 s Y Gl cs b
Jales YooAr (6 gas 550 5 Ll 5l ol Sl s ol
Ls) 8 55 s Vg blg Al VT
25 blis ol S8l 5 St gladisy il
ML e ) 4 0sn3T 2) 0 (S s

Vemde > FesVe > 80 > A-Ye
“ged glsl 5 S sl Ol sl 05e5T s Sl s
b I 5w 05e5T 2550 sla

Vomds < FemVe < Be-pr < A-Ye
2 Blis ol S3 S Wil e Lbae ol 4 b ol
sl Sl aaiashby Ol 53 05T 355 slad g
Oles dgb 55 45 58 s Ol cplply AL
S Gl el D3 S el st b
LIE e S
m 6% wlfjé _i_T'_T'
o Sl Gl S e S5 s
g e olizal AT 5 51 rde oSy S il
AT b i oS the mhaw kS 2y ol oo

4,k JEsl Caslie Hlaie [ VY] el e S ol
lewb@j_ﬁ)ﬂ&&ﬁ&o&\&éﬁu&w

Db g 03ls OLESY by b

Rcr= Rero/Ad (Y)

choe ) s geddle Gble Colus Ad ol 45 &S
JUs) n slie ReTo 5 5k JUasl oo glia ReT kil o oS 22
S iy e ST sl e b O3 By b
N e e BV COMBEIUNPIEN [PRC RRE PR S
Sl ol ply ssd e sl (S S a5 oY
Mo Gble Combos 53 s Sl il or 35 G5 S

35 oo dnloun ¥ galasly 51487 ABL AT 5 51 i g (ol
Cqi= Cqi°Ag ")

Cal ¢« w1 55 5 b g ok I Sl Ag 0T 3 oS
sa¥ i o b Cal® 5 685 sa¥ S5l o b

Y0 - ]isb o i Ot 6 55 48 55
Sde 3 L Jlsl Cwglie 395 0 odalie O Jada> s
odd ;S oUVr (ad n P Y oA (gagad 5 Ak,
Olej Olas 53 5 A=V (gaiged j3 Cuglie ol Jg Conl

'microscopic delaminated areas


https://journal.ica.ir/article-1-50-fa.html

[ Downloaded from journal.ica.ir on 2026-01-30 ]

WAL Sles (10— p0 JL) Y0 (i3l 0 lacd 155,55 a9 ple aaliliad | g ¢

B9y @ S 53l LA g3 (S0, 93 ) Cllia HUS ) g (Saiacea plge b oy g

Yoo Ol ys ool @L:S) Ao gy g A3Cusb, Ol
.::qu.« oML&.n\'Jg.i/).sjj)

L 35 (S i 2 )3 1o g (S0 oS s oo OLES g5
Lo T St P8l 53 Vel 5 L,ls LSS
Lol il e oaws 6, ojlhil gl (go3 o )3
25 s b Al YA w0y cadS
S i 23 2 S 6 g ) ka3 0 O (S e
Ol & gm5 op) SaaVI Sy ol 5 (s 2015 35 1
s 303 Gaad o 5 |y &Saw¥l Jgute o 5L 45 das
R (P P B Rt AN V- B WP VAR T
23,8 ki s sb) sl s s 25 05y

5 Sl 72aS Ao 3l & ged pl 2155 5 ST Sl Bk
LAl hdy Jols & OT oS S5di a5 b g (@
B N P R L L
BB a5 Ll ot o otalin & g0 pl 53 eSS ki
FRAE Gy plys (Bl ol SIS Gl ey
R P P 0 VGOV PN o2 P PPV WO
“o093 4 b e s 25 sl o8n s ki nl
wils S 5L Gl S S (b, sl
R e O
Joe s & S Sl o 28 Qo) gk g0 5
4 4505 () 0> (S 5L o e 88l e BB
2 Sl a g BB Sl lanes Jlst gles s
b @ ges opl y3 sby s 2T 15 edd slowl IS
Gl pd i (g3l e 4 A5 Codom 5 O eSKist
AV sl 5 T e g 81 iy ol s
3313 (5 72 Sl (S M 1554 355 o sdaliue Lol 315
23V A (g0 ar S8 23 8 s U5 o e o
33 bl ayls plie Sl 5 Jlo bli> ol lo)
Col Sk jall ¢ ugby S oy Oejl)
Ll Sl D Sy Bl gl Sy S 550
INAALAN

()3 FO 5B (50515 5> il 3) S8t (gabais uilS 3
&S 03l OLi W qwy p 358 o0 odamin el b s
ok o pebans b s L5 1 (Fb) Sl (gl oS3
oo Sl Kl 0T 3,5 Vb 5 )ls T 5 50 oy

il sl ol L P dslas il o ol U

Fo =K (At/ Ao) (¥)

Godds lv\?c_la.dA“g;mi.&ngm;lf;fboTJ;«f
Cusliep S K =(1/2) PEED 5 JS mbaw Ao« 25
€0 5 iy oo ST S s b € ¢ iy
358 Sde Jgb s K Slaae sl oo M 53 (6 5 di3 58
DA-Y ] Sl 8L ot e S

VoAt G gai CalSls ekl [wlS 3 Sl i 4 S
PaTasby Ol dgb 5o A=V sVeF 50000

.M;Ls»QLiJ

G LS gabl WS bl Fogdaly elul
O g e e e 4 JYL Gla S8
LS 55 sdalie Ol5 0 & S5 53 il 0T 5
L g0 Ghap 5> CuSe (gabais S8 0l Nty
Sl VoA (i 03 3550 5 Rl Bl cpl bl il o 21530
Ssmd Sl > Gsdip ) Al g S
aen b n pl Ve B g3l (6 S e Dl s e )
02 &G Y oAt (G4 ga 53 oS A e OLiS 35l opl 6
Al o BT (A3 asby 595 V0 Sl ey (S ke S
LAY (gaigai 53 a8 b )3 il i 2L5L BB S
35 Ui 3 68 5 odd I Sl Il 51 &S
b Ol dsb s e ol Jg 555 0 edalie 5 Il
o St 8l 5l S §ybn p) oS Ll
VeYr 50000 gladises 55d o LL o 4 4 s
S o B g 93 ol 53 3

(& Wy —£-T

St g05 (Sl 3L 5 5 S i sl (S

J#J))@ﬂ Ol ya Q=Y gVo—Ye 5020 5 Y A


https://journal.ica.ir/article-1-50-fa.html

[ Downloaded from journal.ica.ir on 2026-01-30 ]

40

VA s (Y0 - aas Jla) YO abis o ylach (80,93 oeuige 9 p ole doliliad

sl 4 oS 5l LAyl g (S99 5 cBBlia HU8 ) g (Sadaa plgs G oy

CnSs *64&;,.;\5;

8
7
6
5
N 4
< 3
N
1
0
-1 50 0 150 200 250 300
-2
-3
(J90) O
e 2(0-80 el 50-50 70-30 et 90-10

Qoo g¥Vets 90.-0+ g ¥ A+ Sdiges BIugh) Blo) Job 38 il (Gala il P Ol i A S

F S iz

2.5

-\.".:.»”

(MPa) £

0
0 50 100 150 200 250 300
(CGs0) g
90-10 ===-=- 70-30 = = 50-50 - . =20-80

0 50 100 150 200 250 300

(- AR A
90-10 ====- 7080 — — 50-50 — - -20-80|

Qemte g VeoXe 50000 s YooAr (gls @i (gl 5au Y0 e Ol 3 (S SbSL s 5 (St Slis N e S



https://journal.ica.ir/article-1-50-fa.html

[ Downloaded from journal.ica.ir on 2026-01-30 ]

WAL Jles (10— 20 JL) 0 (ol 0 lach 155,55 s 9 pole aalilisd | 4 o

B9y @ S 53l LA g3 (S0, 93 ) Cllia HUS ) g (Saiacea plge b oy g

S 5 4o
oS L 5 93 51 (b slna b (S ) (50 55 S0 Sl i g 00 sl (SO (S35 ol 4 gl 1
QemVe g Vete 50000 Yo oAr LYl dojn ¥ s Ciny e Olgim el (b 51 b s ool (o SRS IS
Casby g2 53 5as T Do s Cugby lS o 55 5 s Jlesl 3V b T 5 ey a2 g s oslic
b ity (S 5 blim 55 5 (Sl plas o paitin Sl ool b 53 .05 8 5155l Sl a5 Fr (sles 5740
S sl Ol s w3 8 )
g (o3 U 358 a sl ((slasli Hlsle 5wl Culsle s 4 el b 51 (oS St loslizal -

Aabazals OT e ol 53 oYU ol 5 il s bled il i 4 OT (glads Jlast gbes 5 olg

Fo 20l B ple e Cond 5 mly il dade 1l 53 i a Ty Sk ol S (o5l b -
S o Lai i 0oy b g1y Syl Cblis L,y sl D

sl ildal dgite 5087 1515 b (i g (oS ) 055 Sy 6l p e SOIT SIS (ot s Sl eslinal -
pdn Bl Gl (S s Sl s asysh; 0l Jsb ys (i opl s S s sl 6 5L

CJL»J'):L@;J)A;fggsg;:&gl:\.aui.&ﬁo.ll)l;)'\u..wj;wa)ssasg;i}bJLga”:).swé\-x_;.ald).ug;ﬂ -
ol St S50 b sl Jse 31 e0les Usb 55 sl a1l 5 a6 ol

Gl s Ul glos ol cpl s &S 3505 1) (St Sb3b o i 5 (Sl S5l o 28 Qe ghigel -
o153 oS 55 oo odaliva Lol 515 (6 SV ool 5 5 ST oo @ sad cpl e STl 5ol G053 Jpoke 570l

3l o BT 1S 0le3 b 53 4gas ol 53 S a5 5l Chlim b, Sl s 53 53,13 (5 2 slaw (S A

&y
[1] [1] Sh. Montazeri, Correlation between Viscoelastic Properties and Durability of Adhesion of Epoxy-
Based Coatings on Mild Steel Substrate, Ph.D. dissertation, Institute for Color Science and Technology, Iran,
2017.
[2] G. Bierwagen, D.Tallman, J.Li, L.He, C.Jeffcoate , EIS studies of coated metals in accelerated exposure,
Progress in organic coatings 46(2003)148-157.
[3] F. Deflorian, L.Fedrizzi, S.Rossi, Degradation of protective organic coatings after cupping test, corrosion
55(1999) 1003-1011.
[4] G.W. Walter, A critical review of the protection of metals by Paints, Corrosion science, 26 (1986) 27-38.
[5] E.M. Kinsella, J.E.O. Mayne, lonic Conduction in Polymer Films. I. Influence of Electrolyte on Resistance,
Br. Polym. J., 1 (1969) 173-176.
[6] T. Nguyen, J.B. Hubbard, J.M. Pommersheim, Unified model for the degradation of organic coatings on steel

in a neutral electrolyte, J. Coat. Technol. 68 (1996) 45-56.

[7] W. Funke, ACS Symposium Series, Polymeric Materials for Corrosion Control, 322 (1985) 222-228.
[8] S.R. Taylor, Assessing the moisture barrier properties of polymeric coatings using electrical and
electrochemical methods, IEEE Trans. Electr. Insul., 24 (5) (1989) 787-806.
[9] E. Legghe, E. Aragon, L. Belec, A. Margaillan, D. Melot , Correlation between water diffusion and adhesion
loss, progress in organic coatings 66 (2009) 276-280.
[10] Sh. Montazeri, Z. Ranjbar, S. Rastegar, A study on effects of viscoelastic properties on protective
performance of epoxy coatings using EIS, Progress in Organic Coatings 111 (2017) 248-257.
[11] D. Y. Perera, Effect of thermal and hygroscopic history on physical ageing of organic coatings, Progress in
Organic Coatings 44 (2002) 55-62.
[12] N. Fredj, S. Cohendoz, X. Feaugas, S. Touzain, Effect of mechanical stress on kinetics of degradation of
marine coatings, Progress in Organic Coatings 63 (2008) 316-322.
[13] W.J. Soer, W. Ming, C.E. Koning, R.A.T.M. van Benthem, J.M.C. Mol, H. Terryn, Barrier and adhesion
properties of anti-corrosion coatings based on surfactant-free latexes from anhydride-containing polymers,
Progress in Organic Coatings, 65 (2009) 94-103.


https://journal.ica.ir/article-1-50-fa.html

[ Downloaded from journal.ica.ir on 2026-01-30 ]

VW4 les (Y0 - ala Jloa) ¥O (oalay o jlach < sS993 eadige § asle dsliliad

B9y @ S 53l LA 53 (S, 93 5] Clilia JUS ) g (Sasaeea plgs 8l oy g

v

[14] Z. Ranjbar, S. Montazeri, M. Jalili, Optimization of a Waterborne Epoxy Coatings Formulation via
xperimental Design, Prog. Color Colorants Coat. 2(2009), 23-33.

[15] H.Yazdani-Ahmadabadi, S. Rastegar, Z. Ranjbar, A modified De-Gennes's trumpet model for the prediction
of practical adhesion of dynamically and structurally heterogeneous polymeric networks on solid surfaces, RSC
Adv., 5 (2015) 49400-4407.

[16] W. Funke, New aspects of paint films with inhomogeneous structure, Prog. Org.Coat. 2 (1974) 289-313.

[17] N. S. Sangaj, V.C. Malshe, Permeability of polymers in protective organic coatings, Progress in Organic
Coatings 50 (2004) 28-39.

[18] X. Liu, J. Xiong, Y. Lv, Y. Zuo, Study on corrosion electrochemical behavior of several different, coating
systems by EIS, Progress in Organic Coatings 64 (2009) 497-503.

[19] A. Alizadeh Razin, B. Ramezanzadeh, H. Yari, Detecting and estimating the extent of automotive coating
delamination and damage indexes after stone chipping using electrochemical impedance spectroscopy,
Progress in Organic Coatings 92 (2016) 95-109.

[20] J. S. Anton, Workshop on application of electrochemical techniques to organic coatings, AETOC 2019,
Valencia, Spain, 2-5 April 2019, Progress in Organic Coatings, 156(2021) 106256

[21] Z. Ranjbar, Sh. Ashhari, A. Jannesari, Sh. Montazer, Effects of Nano Silica on the Anticorrosive Properties
of Epoxy Coatings, Prog. Color Colorants Coat. 6(2013), 119-128.

[22] 2958 (Sausa (Baihadl 5365, OS5 558 Cayo jlae (ol jilen S dalllan caSley anld o3l Jilimn ) ol e o lins Lo
AYZTY Y YAy SO\:\...A.A)" ) b)@cééjﬁguwjeﬁcum cﬁmqﬁ@j}MJJV/o dj&MJJL;'\g)SaJLm

[23] F. Mahdavi, M. Y.J. Tan, M. Forsyth, Electrochemical impedance spectroscopy as a tool to measure
cathodic disbondment on coated steel surfaces: Capabilities and limitations, Progress in Organic Coatings 88
(2015) 23-31.

[24] F. Deflorian, L. Fedrizzi, Adhesion characterization of protective organiccoatings by electrochemical
impedance spectroscopy, J. Adhes. Sci. Technol.13 (1999) 629-645.
[25] F. Mansfeld, Use of electrochemical impedance spectroscopy for the study ofcorrosion protection by polymer

coatings, J. Appl. Electrochem. 25 (1995)187-202.

[26] Sh. Montazeri, Z. Ranjbar, S. Rastegar, The correlation between adhesion durability and viscoelastic creep-
recovery behavior in epoxy coatings, Progress in Organic Coatings 111 (2017) 395-401.
[27] B. Ramezanzadeh, M. Mehdipour, S. Y. Arman, Application of Electrochemical Noise to Investigate

Corrosion Inhibition Properties of Some Azole Compounds on Aluminum in 0.25 M HCI, Prog. Color Colorants

Coat. 8(2015), 69-86.

[28] S. A.Haddadi, A.Ramazani, M. Mahdavian, M.Arjmand, Epoxy nanocomposite coatings with enhanced
dual active/barrier behavior containing graphene-based carbon hollow spheres as corrosion inhibitor
nanoreservoirs, Corrosion Science, 185(2021)109428


https://journal.ica.ir/article-1-50-fa.html

[ 08-T0-920g uo J1eor jeunof wouy papeojumod ]


https://journal.ica.ir/article-1-50-fa.html
http://www.tcpdf.org

