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Synopsis :

A new double-layer fusion bonded epoxy powder coating on large diameter pipe has been
developed. The new coating system consists of chromate treatment as chemical
treatment of the blasted surface of steel, a double-layer coating which contains bisphenol
A type epoxy resin and phenol derivatives as a hardener, which has low water absorption,
and rubber-modified epoxy resin and anticorrosive pigments. The lower coating layer has
good adhesion and anticorrosion properties, i.e., hot water resistance, and cathodic
peeling resistance. The upper coating layer has good mechanical properties, 1.e., impact
resistance, bendability and penetration. As a result, the new coated pipe has both good
anticorrosive and mechanical properties, which no conventional one-layer coated pipe
can have. This paper discusses impact resistance, hot water resistance, cathodic peeling

resistance and penetration resistance of the new coating.

(c)JFE Steel Corporation, 2003
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Improvement in Anti-Corrosive Properties of Fusion-Bonded
Epoxy-Coated Pipes by Double Layer Coating

Fuminori Mukaihara, Norio Kosuge, Toakao Kurisu, Yoichi Nakai, Kazuhike Miura
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Fig. 1 Manufacturing process of newly developed Z-layer-
coating

* 1 IR60E 2 12BN
" PETERIEIR 3 TR A AU SR CINA R GHE)
* 3 EIRIRERT LN vy 2 — EEPRER GREW) - T

"4 BB 3 FRSRATS RS EEEA GRE) - 1Y
" HIEPIET 3 FRERAAEEER (RA)
T TR RS SR



162 TREBREARC LB+ VR ENE O ROt

Micro rubber phase
—_————

17
0

v/
0

Chemical reaction between rubber and Cpoxy

W‘@-U CIl: CH CIL: O @
C ool

R —

Phenol ™

Epoxy

tligh linear chain growth structure

Chemical reaction between epoxy and chromale
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Table 1 Constitution of newly developed coating

Rele of layer Constitution

« Epoxy (Bisphenol A type with
high linear chain)

]I;];:: * Anticorrosion + Hardener (Phenol derivatives)
* Adhesion + Accelarator of reaction
- Pigments
Outer | + Impact resistance - Inner layer’s constitution plus
layer rubber modified epoxy resin

+ Bend resistance
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Fig. 3 Situation of stresses on epoxy coating in impact test

Photo 1 Rubber modified epoxy coating (Original magnifica-
x 30 000)
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Table 2 Tensile properties* of epoxy coating

Tensile Elongation Fracture
strength at break energy
{kgjem?) (%) (hg-emfem?)

Rubber modified epoxy

coating (outer lgyei) ‘F 660 8.9 b2
- . 1 T 777"777 - - D
Epoxy coating 608 7.5 35
(inner layer) l

*Pull speed: 5 mm/min
*Test temperature: 20°C

Table 3 Impact resistance and adhesion streugth of newly
developed coating

i Impact strength | Adhesion strength
| (e (kgfern?)
Outer layer ] 0.40 252
Ioner layer 0.35 328
Double layer coating | 1,30 320
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Fig. 4 Effect of coating temperature on impact strength of
epoxy coating
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Fig. 5 Effect of coating temperature on fracture energy of
epoxy coating
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Fig. 10 Time dependence of water absorption of epoxy coat-

ing (80°C, 3% NaCl solution)
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Fig. 11 Schematic diagram of AC impedance meter
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Fig. 12 Relation between electrical insulation resistance and
immersion time (3% NaCl solution at 80°C)
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Fig. 13 Relation between AC resistance and immersion time
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Fig. 17 Change of capacitance as a function of frequency for
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resistance of epoxy coating

Epoxy coating:

10
= &r
= 6F —
]
g
CEP S
G
=
@ 2
kN
-
]
Newly developed|  Conventional Conventional
powder A powder B3 powder
Fig. 20 Cathodic disbonding test result (23°C, —1.5V wvs.

Cu]CuSO;, 5 g, 3%N;1Cl, H0 dzlys}

H,0+ 30,+2€ — 20H

Conventional powder

Epoxy coaling

[ R |
W0 OH~
: e ydrogen ——
H l-'r\ hond
O 0 H,0
Stccll

N Q

H Hydrogen bond s
i raptured by O11
H’OI‘F}:IO‘H amel 11:0

_0 0

Newly developed powder

Epoxy coaling

i et OH

Covalent bond 770 3

Chromate

dl"—- tr"'"'_ Hz 0

Covalent hond is
not raptured by

OI1 and IE:0)

] _ | -

0 é)H--OH
{
Cr-Cr

Fig. 21 Mechanism of cathodic peeling

HEHEDERIA SO, Bros UKok - THRAeMRYS
o <, MEEMEEY RMET5408FL0h5,

3.3 BEMBTOMITAEY

TN, HH LR DREICL s CREICE LR E
EMBEEYZITE, T0 LS RiHEOFIE & L T DIN 30671
EOMHAKHE, S S, BEREO XFERE L SFAED BFL
Fig. 22 (<R3 X5, 60°C, 1000 B CHREX»LHD & w7
T FERYAvic—BBEE: 7 « 7~ VREEE B
ZEEE LTI, SPARIERE v, LALEBEEOLRE L LI
AEOETAE A, MEEMOBE-CIL 138°C, 1000 B -C12
AR Q.037Tmm [CHET S, S50 B°C CoHARDBRE
L flE L RS Fig. 23 ©, #ARIAMEREO B 7o
MIESERYR L, 98°C TORMBTOHARYEE TS L,
98°C o 10 FEEM (35 11 ) v EigEsmpEy 0.018Smm, fEEA]
B 0.031mm Lo TEBHEOENT Chdwb, THIE, K

004

0.03

0021

BDepth of penetration (num)

Pressure © 100 kgf/cm?, 1000 h

~Conventional powder

™ Newly developed powder

Fig. 22

30 60 100 0
Temperature ('C)
Relation between depth of penetration and tempera-

ture for coated pipe

JIi55ls3E Vol. 17 No. 2 1885



168

TREWIEERI L L =R L RERS ol a o

]
0.01 "'/Q_/ﬁ"

Z
n

2}

)]

4)

JIE e Vol. 17 No. 2 1985

BPepth of penetration (mm)
o\x
\
1
o

003+
In air at 98°C Conventional powder

Pressure ! 100 kgf cni®

Newly developed powder

it 10% 104 10! 107
Time (h)

Fig. 23 Time dependence of depth of penetration for coated
pipe

SERR O A% Lo 7 ARBEAERE IO LBl R
FHLTCHDIlMHEAEE T ChTwa b LlEEXRS,

4 £ & 8

HESHOTEREESRC LS T # 4 S EREFRE O ARD
WEIZDWCCHIA LT &, FTHAEEL LTr o — @, =
FEOBEREEHE LT T e s — L, TAEEI S B
SHELOWHELRBL, THROBBICHAR, 28t gbak
BRSO BRI ST o Sic kY, R Bz #E
VBREME CIIE L ERioh - I A LB O A Y R
WL ERTE L et Lt TR # 4 L BERANT, v
M7 E DR H AR R £ O BE i i o IR ERE T
FEHEERE S - 1

BRI ABEROETICH LB AR iR e b
A U BBRE AL LB Uit s+,

£ X W
Rili—E, AEE, Wie, SERIEE, e TARME =R
F U ERERERNE TOM) JIRREHTIR, 16 (1984) 1, 25~29

Faili—E: [RERT=FF SRR L oK), RIEHN, (1984)
7, 88~094
U. Zorll: “Untergrundeinfliisse auf das Verhalten von Korro-

sionsschutzbeshichtungen bei stoflartiger Befastung', Werk-
stoffe und Korrosion, 34 (1983), 514~519

W. G. Potter: “Epoxide Resins' (1970), 126 {The Plastics In-
stitute)

L.E. Nielsen (MEFARGER) 0 (7557 L HEEMBON SR, (1978),

194 (fL#RIA

6 HL M TREOSHERHEST] w49TinT, 33 (1984) 5, 5~8

7) 18R BAr [=HEESBHGL (1970), 275 (HARE)

8) ki w TEAEY - BFAURSERG), (1981), 85 (IT%¥HE)

9) mafEIost, NERERE MO TREREEY=Fro#BEo
Rtk ), NIGFRMRERHE, 14 (1982) 2, 1688

10) E. L. Koehler:
Protective Organic Coatings-Aqueous Displacement at Elevated
PH’’, Corrosion-NACE, 40 (1984) 1, 58

“The mechanism of cathodic Disbondment of



