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Abstract

Anticipating the protection performance of coatings, before using them in the field is a significantly factor. Quality
control testing in accordance with the international standards is time-consuming, and the results are qualitative.
In this research, a new strategy for determining vessel and tank internal coating performance has been developed,
which is a fast assessment method with quantitative results. Some tests such as hot water soak, Immersion and
electrochemical spectroscopy, impedance in high temperature conditions, and dry and wet adhesion have been
selected as critical tests which were done on four different commercial Epoxy coating samples. The reaction of
stoichiometric mixture of two components (Epoxy and hardener) and the effect of physical properties of polymer
matrix on the coating resistance and corrosion control have been investigated by using FTIR measurement and
thermo gravimetric analysis (TGA).The results of TGA and FTIR have shown that the selected coatings are different
in terms of chemical structures and glass transition temperature (Tg). The results of mechanical and electrochemical
tests have confirmed that the protective performance of these coatings is related to their chemical structures and Tg
of polymer matrices. On the other hand, this new strategy makes it possible to quantitatively predict the protective
performance of the coating, in a short time. The results of tests on the four epoxy coatings are demonstrated that
although all of the coating samples are epoxy-based and suitable for using as recommended by the manufactures,
their protective performance and resistance against electrolyte diffusions are considerably variant.

Keywords: Corrosion, Epoxy Coating, Immersion Test, Electrochemical Impedance Spectroscopy, Wet Adhesion;



VW40 (jlicus ) (aciedi Jlowm YY (abag) VY 0 jlasdi (S0 5 9 (ceusigo 9 a gls doliliad

AV | gy o ooliio 31 a8 JIALs 7 glacs BSlas slaghich o3 3 ySlas Jius i 51y waan o yualy 431

Ll B g b s odimar ALl o B o b e Gla Lo
S Lo glos o5 (55m Sl 3580 o o 53 (B3,
LSl g s 0y 55 Jol g 355 (5l 2 eger Sl a0
VO °C sles 53 Jasl gbads! 20 senl 6871 (65 51 pslas &y a6
oSS Los Sl eslizad [$] Sl Y0 °C (glos 3 j2i ol ol
SN A Tl gy A B 03 5T e 8l ln
6uﬁxé»u>;ﬂ&Gg;,lélﬂom@,guu:iuﬂ;\
S eslizal U YU (gles 5 (gsabge ialesT 51 eslizul cplﬁu
[Pl sl sy o ol s (glad sloes
Sl oS sl SR Sl s 55 S 4 e S L
5 o oo db o ol 5 B ke Gl
Ol 5 odiyss ladooes Jlis j5 iy bl > Sles
Lla b iy eSS ul g slesl 5y 8 Slasin Gl
Wl Ua gl Ot 53 g s (U556 1 5
> b Sl Gl B Gl e e sk
Jes! 5 (g 5lwosleT pits (glaats 3o 4 4 5 L 50 5 O
Jols e b Sloapo 5 2 Rl b5 6 e Sl s,
s Sllas ol L g 0L I 36 Gl
S el en e 35 o0 48,5 i 55 ke Vb (i
b sl Yk ol s e (Caio & s asuss
I Ll s 3w 3 o3zl 1 8 iy blis 5 Slas
Lol s Glate iy 3 Sles ol Sl 205 5 3
oo B4 (G50 sl el S Do 53 5 Slles Ol
ST i sl o) O (Gl S il (i il
Slislo3Tys Wl [V-4] Cnl oS sba iy Cuaslie b))
sk S e Gloods S il i il glice
e Ypore 35 B e dglme (o pme 53 S
Slllan e 350 o 435 L5 55 S S on by g
sloul o el 039 S5 8 & das b 0L 0ld plan]
)'L_.Js)}.«chadé\.b-):}&@&bjT@\:J);ué:Langw
o) S (g SV sl 2T VP em? Sl isleT
(ALY o5 b 5 0l s e sla iy 5 Shas
ooy ¢S S NACE TMO174  5,likeal s, olas Y gans
Cobe by Blis s Sles o e Gln @l sl
Gk s eg il sl oy ool bl s e il Sl 1
s ol b SNV 3l 5L Ol ole # 4 Bl e )lilend
O Jos Lol gllae ¢ i le 3T Lol i (65l a0yl
T o 93 S (el 03 el Sl 5 mbe 5B sy i)
Sl )3 o g S5 g0y g Jshons Do glns 53 iy
Gatli Sleslial ety cpl 53 Cunl oy 5 J slome ol

1- Crosslink Density

oo -

03 Calee o9 b 5 O3k ST (o lijle 6 Sl 4 a5 L
u,L&;&;M\@;mu:‘ﬂ}éﬂj\&&jngw
5 bl skt 4 Jo s sla i )l ol S0«
Jolse Lipsi Sl oy 5 sladammn L OT s Lol ol
Yoms Sland Ds,b 5 Sljgad Ity L 53 odiy
plosl LT 53 8 ol Slasd d1 3 5 &S5 55 b comline
il g5 31 Bes ol cal G 5 8 o 3 sk
sl idg Az OT e (S AST 63 WO)g
Bl (ol g 42 5 6 Ol w03 28 o Sl w0l
4 Oy g3ladl bl g 7 s o) Glakaze 55 DGk
[N sl o 460

Caglie (glHls ¢ oS gl Sla id gy Cwgn S r.l:a ol ede
(Sl gl Lammn 53 Vb Can gl Jlo sl S i 5 SIS
o Y] dmes e oSS o ol s b
S idg 5 Cusby Ode Ol oy 4S 03l Ol Olallas
Sde Vb 3 Ses b5l 55 IS HsS6 S Sy
ST a3 b 5l Nl o ush,y Sl il iy
duoj;&bgbéuc};Jk)jM:wju)b 39 g0
[¥] 3,8 Sppe OT jajle 5 oS gl Jlisle 55 oS g e
b sk s iy 53 OT Jole Hldie a7 esls Ol Sladss
Lg}.wﬂ.[’f‘]&..wlﬂlﬁM;h,::fy&kéduo}f;m&
Q%CUL%)JJﬁFJUTV.?o-cAS%J;WﬁJ
O oen Dbl slaws s ol B (slaey S bl
35 O 5,58 [F] canl JIIE 56 ey (648t 5 OT slad 5 50
Gl e Jazen &S5 OT 4 505 ol g 0T 1 i g
2 sl o mha 4 0581 5wl a0 s Okl
5 O3S0l dile Jlolse 3525 i 5 (S0 Al
Al e B 518 ol s T Ok g 5 a0
O3 s ks lapkd 5 JT (la i gy Conglie 48 ol il
o303 OLaS Soladllas .l oo S ¢ oes (la,y 556 S e o
235 ool (ltal ] 3 0S5 B g ah sy OT o oS
St > (HF 0T 538 D (5 apgusn Ao Sl (5
s el 3l (S350 0555 oS b g (o2 VL]
b o e L5 0 e 0> iy 088 13
K55 53556 dle Calisee o158 590 3D ol Comny
{01555 0 s 25

) e 4 Sl bty Jo Sha o)
$3losleT o 5 Jule (slaos & o Slacd Caliien skl
2/ gy Jeobie 53 OT mexd al il o 5Y b o



VW40 (jlicusy (A Jlowm YY (bag) VY 0 jlasd (S0 5 9 (ceusigo 9 a gls doliliad
G 9y g3 a3 Ju8 (MBS 7 glacs Ladlans (sl il gy o pSlas (S piag (5] 58 asaa o el y 4 A?

AlesT 5 4 S 15 M G 53 1Y mg 05 L sladses
Sl anls ;302 C/min asol ~ & b O35 enadl 53
i gy (S iz Ol e a0l plnil =Y 0C
Syl iy olle pull off St 05037 31 40T 55 4
Sose 4 il b .l 0dd eslizul ASTM D4541
clq._;l\.au::uﬁj\_nwmgjsdj)ﬂuu_uﬂauf@\
T T (S o s a2y gl s 5
ot Bl laST Ll > (b b JolST Old Sl n
plnil (gl it $SCast ol (S 4 p g g 5 ol ol
R I DT R Y B PO PO CH S R IR PR Y
S i 2ale3T planil 93wty a0k elinel e e
Sl 634k se islajT pladl Sl dm s il sy Olomdo (695
SlesT ool o (o iKab ¢ 5 St le3T Ol g 4 &
o el Defelsko oS, posi Test AT o@:#a\;;w
S5 L Sl 51468 w0 oSy (b
Sope Shp S P by g w0 dlesl Gy b
Shamsn A asly 5o iy OAdMe Gl oY o o
ssbie ol 6l b o b KL doly oy T 5
25 Gt s o3l BT Loy iy el
o Lo 5 Yo 031 L ol carion JT IS o 50k
YF O 4 ladsai 3 55 0 ol 2d g cbﬁ & P pPes
RiolojT Lol b 55 o JolS s S site w0 sl
S oz 5L I Jous 3l bl G o Ligd o (513455
bor 1 p eeban 2 ool (25 7 50358 oo o A sy ebam 4
T s iy 0l 2sle3T.Cuwl +/Y0 MPa/S JIs 05,8
s Sl b STy ls i g Siloeins J‘KOJ‘JJ‘}L:‘(;
PRREIEW INCIPUI ¥ | FSAPICIPATE 4 O KPS S IR TP JU
i S i Y yane <ol 55 plonil NACE RP 0394-02
4 5 03y 55 5 sy o 055 Jol e G sl b
Ol llor e 3 5 g ookt o po P OUSI OBI 03 2y 5

S sostbse o b Slard s S Gl i ab )
S50 Ol 8 5 55 o 3 Ikl Gallae 2 gy 4 g prlanw a5
Ol3 O ol ST 5 5d g 53 Jbe 358 Lol 5 55 2 5 Ceslia
DA gy aaglie Sy o g 1l 3 58 g0 b 5 R laST
F 58 G OBl el S De 53 5 oS s 4

WS o o e Ll 53 ) By (Bl s Sles
STl iy S, db )b, aS Conlodd v allias ol o
Spaly cpl b e b 5 O5les J51s 0y 55 slatames 53
il Gl 2 o IUT Calie 5 LST L s e
Sy Ol (y5ab st ST 5 beris SII il

s o 5 oy (S i 3T s sle 3

G 9 dlge Y

Sl ol 5 ol G 93 (Sl e g ol
ul:;‘.';‘ J}JB) Q)Bu J:-‘J auujjﬁ-.la.?wd{unjé C,.ﬁ)l.in
A Gl 6l Sl seT Y Jgder 3 0T Sliadein &5 s
J.«.&“)}Zwb &Ua.ajbj‘.&)illg_ L;Sﬁ‘ "‘}’.')J Jé)k:—\ Jmﬁﬁ
LS"Y_}B Ooloedp 6)Jﬁ.]ojl5u) ol ol (al>u| a.k;.lf.\ajj.?
e-\.'..’:'Lw U':“';'li U’:'j) @ ol L;jLwablAT} (ASTM D 609 L;;Lhﬁ)
Aleds Jlosl o f8 Lo 5 (SSPC-SP5) i 5 (gar s ©
oo (slos 55 axian & oy a2 o b OLs S
SPEIRPRIC CEN E IO O e L R
5l eslizul b s ASTM D7091 5,6kl Sy, Gl iolejT
Sl 5 Ska s el Minitest 2000 g alinss oS
Brrtdr hlojT o glaw sas ples sl S gy S ok
o 8 s 05 S

L Bruker Vertex 70 gwcab i eslizal L FTIR "k
3)) G?nlwb)f S sowie .ol odd 4 Yom! a5,
oS 4 TGA/DSC1 o&aus 3l oslizal L (DSC) T 3 ,&
el o plowil s 58 Lo Mettler Toledos

0345 3ulgi (b basiine (Gallo A °C Glod Joxi ciaulyld by oastilio (oS 93l sl yiubgs whbastine - Joa

Aol doyd 90 LW S
(g/cm’®) b glseo diumils gy Ol § e
3L *¥
AV/O \/% Ve ¥V ik oS L eSS — (Sl Cl
14/5 \/6 Veenng poslis LS 63 b &SV 5 S WSl | 2
qy \/A IFRHE d &S Ll gal = (S C3
44/ /¥ Voo Sl CaS LS Yy 5 oSS S ! C4

1- Hot Water Soak

3- Fourier transform infrared spectroscopy (FTIR)

2- Dry Film Thickness
4- Differential Scanning Calorimetric (DSC)
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1- Leveling and wetting of substrate
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