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INTRODUCTION

In response to the needs of shipbuilders and operators
of crude oil tankers, JFE Steel has developed
MarineCop™ (Cargo Oil Pipe), a TMCP-type 1%-chrome
containing steel pipe with excellent weldability,
corrosion resistance, and abrasion resistance.

This product manufactured based on years of
experienced technologies and complete quality
control of JFE Steel, demonstrates excellent corrosion
resistance even in severe conditions under crude-oil
sludge.
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FEATURES AND CHARACTERLS
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JFE Steel revolutionized cargo oil piping for:crudeloilitanke
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® No Coating, Ease to

-~ *No coating makes it possible to use welding-sleeve couplings and
on-site welding during fabrication.
* No damage to coating films reduces the maintenance cost.
~*" .« Excellent corrosion resistance can be maintained even without

=

Siow N coating.
® Shortened Fabricati

* Number of girth welds can be decreased by applying long pipes.
Excellent weldability reduces cost.

@ Easier On-site Weld

+ Excellent weldability based on low C content, low Pcm assured by
JFE Steel’s integrated steel manufacture process best suit to your
girth welding without pre-heating.
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® Excellent Resistanc
Abrasion, and Excel

* Clean steel of low S, low P, and low C provides superior corrosion and
corrosive-abrasion resistance to crude oil and sea-water.

® Wide Available Size

+ With a wide availability of sizes to choose from, MarineCop™ allows
optimum selection of outside diameter (including odd size), wall
thickness and length to best meet customers’ requirement.



TYPICAL APPLICATIONS




Cargo tank

Ballast tank Pump tank
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TYPICAL APPLICATIONS
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Piping in the cargo tank

Piping in the cargo tank

Piping in the cargo tank

Loading line piping in the cargo tank
Main suction line piping in the cargo tank



SPECIFICATIONS OF MarineCop™

@ Comparison of Performances

Addition of 1% chromium increases material hardness and provides excellent resistance to corrosive
abrasion by crude-oil sludge.

Comparison of Performances

Product type Cast Steel Pipe -
Y4 M U
Performance SUPLEY (1%Cr) CULIZ O
Seawater Corrosion
Resistance A O ©
Corrosive-abrasion
Resistance A © ©) © : Excellent
On-site Weldability o A © O: Good
A : Fair
Note: All comparisons were made without coating.
@ Specification
Chemical Composition (standard)
(Unit: WT%)
Trade Name C Si Mn P S Cr
MarineCop™ <0.08 <0.55 09-1.2 <0.030 <0.005 0.80-1.30

Mechanical Properties

Trade Name

Tensile Strength N/mm?

Yield Strength N/mm?

Elongation %*")

MarineCop™

=400

=245

=18

*1) Elongation shall be evaluated by using the No.5 test piece in JIS Z 2241.



SIZE AVAILABILITY

@ Available size range of MarineCop™

JFE Steel can supply a wide range of sizes to satisfy customer needs.

Nominal Size A/B Outside Thickness (mm)
Diameter
JIS A JISB (mm) (00 2 4 & 8 10 12 14 16 18 20 2 24 26
65 21/2 76.3
80 3 89.1
100 4 114.3 ERW Pipe:
Max. Length 14.0 m
125 5 139.8
150 6 165.2
200 8 216.3
250 10 267.4
ERW Pipe:
300 12 318.5 Max. Length 18.3 m
350 14 355.6
400 16 406.4
450 18 457.2
500 20 508.0
550 22 558.8
600 24 609.6
650 26 660.4
700 28 711.2 UOE Pipe: Max. Length 18.3 m
750 30 762.0
800 32 812.8
850 34 863.6
900 36 914.4
950 38 965.2
1000 40 1016.0
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MANUFAGTURING PROGESSES

@ Electric Resistance Welding Steel Pig

Steel strip in coil, which has been slit into the required width from
wide strip, is formed by a series of forming rolls into a shell. The
longitudinal edges are continuously welded by high frequency
resistance/induction welding.

The weld of the shell is then electrically heat treated, sized, and
cut to specified lengths by a flying cut-off machine. The cut pipe
is straightened and squared at both ends. Ultrasonic inspection or
hydrostatic testing is conducted before shipping.

High frequency resistance welder

Manufacturing Process (24”7 ERW Mill in East Japan Works/Keihin)

O
;
— Nl — e —

Leveling Edge milling Pre-forming

Uncoiling

First ultrasonic

inspection
Electric resistance welding + Roll/cage forming
inside and outside flash trimming
o
mmm? ® G © N
—PQ:)—P -'-'-3- ) 0@ )
© © o 0
*Post annealing Cooling Sizing Flying cutting

Rotary ultrasonic < *Second ultrasonic| g Hydrostatic | .
inspection < inspection [ testing | End facing
Visual and | Weighing and | Marking and »  Shipping
dimensional inspection "|  measuring " coating e

Note: Processes marked by an asterisk are conducted according to specification and/or customer requirements. Highlighted in yellow are inspection processes.



® UOE Steel Pipe

UOE mill at West Japan Works (Fukuyama) uses heavy and
medium plates. Both longitudinal edges of the plates are trimmed
and beveled before forming, by the two-step process; first into a

U-shape and then an O-shape.

O-shaped plates are given a tentative tack weld before finally being
seam-welded from both inside and outside by submerged arc
welding. Welded pipes are subjected to mechanical expansion to
the final dimension and sent to finishing and inspection processes.
Finished pipes are subjected to visual and dimensional inspection,

and non-destructive testing such as ultrasonic inspection.

Manufacturing Process

| *Ultrasonic inspection of pIate

O Press

Tab welding

—5—

O-pressing

OO

e

U-pressing

Edge milling and beveling

I Crimping

Press Bending

\ . High pressure water > .
cleaning oing]
Coinme e e Inside welding Outside welding
J I_Drelimir!ary _ *Ultrasonic
~ inspection |~ inspection
| *Hydrostatic testing | = Mechamcal expansion ‘
Heat *Radiographic *Radiographic
treating inspection inspection
. - *Radiographic
Drying »| “Ultrasonic > > » inspection
inspection (both ends)
- _ End facing and beveling [ Visual and dimensional inspection |
*Radiographic
inspection
*External *Internal Weighing and BETers “Magnetic
Shipping (&= Marking <= ; [ : L L == inSpection (¢ Particle
ppINg 9 coating coating measuring (0?1 line) inspection

Note: Processes marked by an asterisk are conducted according to specification and/or customer requirements. Highlighted in yellow are inspection processes.
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PERFORMANGE OF MarineCop™

® Corrosion Resistance in Seawater

MarineCop™ has far superior corrosion resistance in sea water than the other steel pipes.

1.6

—r
N

Corrosion rate (mm/year)
o
(0]

0.4}

Base metal

Test results of corrosion

Seam-welded joint

B MarineCop™
D Cast Steel Pipe (1%Cr)
| |sTPY400

Rotating-type corrosion test

Test solution : Synthetic seawater
Specimen rotating speed : 1 m/sec
Test temperature : 50°C
Test duration : 300 hours
! E Seam welded joint
Base metal

Seam-welded joints have corrosion resistance similar to base metal, showing no selective corrosion.

Macro-structure of cross-section of UOE steel

pipe after corrosion test

Macro-structure of cross-section of ERW steel

pipe after corrosion test



@ Corrosive-abrasion Resistance in Se

i Abrasion in Seawater Containing Silica Sand
Base metals of MarineCop™ and 1%-Cr cast steel pipe have approximately same corrosion rate, while STPY shows
nearly twice as much corrosion rate.

0.6

0.5

0.4

Corrosive-abrasion amount, g

0.1 -

0.3 |-

0.2 -

o B MarineCop™
77777777777 T 4 | [] Cast Steel Pipe (1%Cr)
| | | [ ] STPY400
*********** s e I o R 1 Rotating-type corrosive-abrasion test
! : 3 Test solution : Synthetic seawater + silica sand
] | Specimen rotating speed : 1 m/sec
3 ] 3 Test temperature : 50°C
: Test duration : 24 hours
lfl Seam welded joint
Base metal Seam-welded joint Base metal

Test results of corrosive-abrasion

¥ Quality difference by welding position
Performance of welded joints are the same regardless of welding positions.

Corrosive-abrasion amount, g

0.6

Vertical e Vertical -
position | Flat position positon | Flat position
0.5 ’”””’””’””’1*’””’”””"”””””’””’””’*1 ”””””””””
0.4 ,,,,,,,,,,,,,,,,,, Location of the test piece
Flat position
0.3t e e L e
Y I e R S I e
| | N %
01— |- = s Sinmnes NN S «Jf
: 1 =
: : ad
0 = Vertical position

TIG + covered electrode

TIG + flux cored wire

Test results of corrosive-abrasion circumferentially welded joint Position of welding
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® Weldability

MarineCop™, with minimum carbon content,

has

excellent mechanical properties of the heat-affected
zone (HAZ) such as less hardening and excellent
resistance to low-temperature cracking, which make
welding possible under the same conditions as STPY.

On-site weldability:

Welding consumables

Chemical composition of welding consumables

35

30

25

20

15

10

Cross-section crack ratio, %

Test temperature
Oblique Y-groove weld cracking test

©® MarineCop™
® 0.1 C-1Cr

(Unit : WT%)

Example of chemical composition
Type Trade name
C Si Mn Cr Other elements
Covered electrode LB-O52K 0.05 0.51 0.65 1.18
Flux cored wire DW-052K 0.03 0.50 1.12 1.15 P, S, Cu, Ni
TIG welding electrode TG-S52K 0.08 0.77 1.48 1.10
Note: Trade names are for KOBELCO products.
Examples of welding conditions
Examples of circumferential welding of pipe
Welding Wire Pre- | Welding current | Arc voltage | Welding Speed :
SIED e gegme e method | electrode |heating (A) (V) (cm/mm) S gre
50°
- - 1 TIG TG-S52K not 120 14 25 100% Ar
> | mig | P2AMM ot 180 20 o0 | 20— 25Vmin.
3 MAG not 180 24 200
DW-052K 100%CO2
H‘ ‘H 4 MAG |l p1omm | MOt 260 3 280 1 20— 25 ymin.
less th 2
essthand2mm | 5 | mag not | 260 31 190




@ Corrosion on Cargo Oil Pipes for

The state of corrosion on MarineCop™ after served in a crude oil tanker is shown below;
(Test period: 1995-1998, Ship name: BENETIA, Pipe tested : ¢ 550A x 15.0t)

State of corrosion: —

As shown by the macro-structures of
cross-sections, neither welded zone nor
base metal has selective corrosion.

Macro-structure of cross-section

State of corrosive abrasion
As shown below, there is no significant reduction in wall thickness due to corrosive abrasion after actual service.

16.0 .
—— Before service

—— After service

1K< 5 et

Wall thickness, mm

150 o — :

14,5 [~ R R e . 9":>@<}: 3"

14.0 : ‘ : ‘ ! : : 6"
O 3II 6" 9Il 12"

Location of pipe circumference (0' clock)
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©® Results of Investigation of Corrosion on Cargo Oil Pipes for Crude Oil Ca

M Outline of investigated ship
Very large crude oil carrier (VLCC)
Year of completion: 2002
DWT: approx. 300,000 MT
Investigation timing: After 17.5 years

= Investigation region

Stern ,—|_ Bow

No.5COT | No.4COT | No.3GOT | No.2COT | No.1COT

i Outline of investigated steel pipes

Cargo oil pipes: Piping in cargo oil tank (COT) Pump room Cargojoil line
OD762.0 mm x t16 mm Fig. Schematic diagram of side view of investigated ship
Piping on deck
0OD660.4 mm x t13 mm Measurement point
11000mm} (4 points in circumferential direction)
= LS :
¥ Investigation method 4 b o o \‘O i
- Visual inspection of inside and outside of steel pipes : ' i
- Ultrasonic test of pipe wall thickness >

SopRE

»
5000mm ' Measurement point

(12 points in circumferential direction at 5 m intervals (12 points in circumferential direction)

+ 4 points in circumferential direction at 1 m intervals)  Fig. Intervals of pipe wall thickness measurements

M Investigation results @ Piping in cargo oil tank (COT) (17.5 years in service)

External appearance Inside surface of cargo oil pipe Inside surface of cargo oil pipe
(17.5 years in service) (15 years in service) (17.5 years in service)

* In total investigated pipe length of 102 m, only 23 spots with pitting corrosion were detected
(depth: 1.0 mm to 3.5 mm; in all cases, the level of corrosion did not require repair).

Top),
11 17
Results of ultrasonic test of pipe wall thickness (average)
Measurement ” ” ” ” ” ” ” til ” ” ” ”
position 0 1 2 3 4 5 6 7 8 9 107 | 11
Remaining
thickness (mm) 15.4|155|15.4|154|/15.5|15.5|15.4|15.5|15.4|15.4 |15.4 | 15.4
3
Average remaining thickness= 15.5 mm (initial thickness in specification: 16.0 mm) Bottom



M Investigation results @ Deck piping (17.5 years in service)

-
-

Inside surface of cargo oil pipe

External appearance
(17.5 years in service) (15 years in service)

*In total investigated pipe length of 156 m, only 3 spots with pitting corrosion were detected
(depth: 1.0 mm to 2.0 mm; in this case, the level of corrosion did not require repair).

Results of ultrasonic test of pipe wall thickness (average)

-

P

Inside surface of cargo oil pipe
(17.5 years in service)

Measurement i ”» b ”» ” ” ” th ”» ” thl ”»
position 0 1 2 3 4 5 6 7 8 9 10” | 11
Remaining

thickness (mm) 12.3|125|124 124 124124123124 (124|124 |12.4|123

Average remaining thickness= 12.5 mm (initial thickness in specification: 13.0 mm)

[ Disclaimer

Top|
g

The technical information contained in this catalogue is intended to show the representative properties and

performance of the product and does not mean guaranteed values.

JFE Steel cannot accept responsibility for any damages resulting from incorrect use or improper use of the

information contained herein.
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JFE Steel Corporation

Cat.No.E1E-005-06

https://www.jfe-steel.co.jp/en/

HEAD OFFICE

Hibiya Kokusai Building, 2-3 Uchisaiwaicho 2-chome, Chiyodaku, Tokyo 100-0011, Japan

Phone: (81)3-3597-3111

Fax: (81)3-3597-4860

H ASIA PACIFIC

SEOUL

JFE Steel Korea Corporation

16th Floor, 41, Cheonggyecheon-ro, Jongno-gu, Seoul,
03188, Korea

(Youngpung Building, Seorin-dong)

Phone: (82)2-399-6337 Fax: (82)2-399-6347

BEUJING

JFE Steel Corporation Beijing

1009 Beijing Fortune Building No.5, Dongsanhuan
North Road, Chaoyang District, Beijing, 100004,
PR.China

Phone: (86)10-6590-9051 Fax: (86)10-6590-9056
SHANGHAI

JFE Consulting (Shanghai) Co., Ltd.

Room 801, Building A, Far East International Plaza,
319 Xianxia Road, Shanghai 200051, PR.China
Phone: (86)21-6235-1345 Fax: (86)21-6235-1346

GUANGZHOU

JFE Consulting (Guangzhou) Co., Ltd.

Room 3901 Citic Plaza, 233 Tian He North Road,
Guangzhou, 510613, PR.China

Phone: (86)20-3891-2467 Fax: (86)20-3891-2469

MANILA

JFE Steel Corporation, Manila Office

23rd Floor 6788 Ayala Avenue, Oledan Square,
Makati City, Metro Manila, Philippines

Phone: (63)2-8886-7432 Fax: (63)2-8886-7315

HO CHI MINH CITY

JFE Steel Vietnam Co., Ltd.

Unit 1704, 17th Floor, MPlaza, 39 Le Duan Street,
Dist 1, HCMC, Vietnam
Phone: (84)28-3825-8576 Fax: (84)28-3825-8562
HANOI

JFE Steel Vietnam Co., Ltd., Hanoi Branch

Unit 1501, 15th Floor, Cornerstone Building, 16 Phan
ChuTrinh Street, Hoan Kiem Dist., Hanoi, Vietnam
Phone: (84)24-3855-2266 Fax: (84)24-3533-1166

BANGKOK

JFE Steel (Thailand) Ltd.

22nd Floor, Abdulrahim Place 990, Rama IV Road,
Silom, Bangrak, Bangkok 10500, Thailand

Phone: (66)2-636-1886 Fax: (66)2-636-1891

YANGON

JFE Steel (Thailand) Ltd., Yangon Office

Unit 05-01, Union Business Center, Nat Mauk Road,
Bocho Quarter, Bahan Tsp, Yangon, 11201, Myanmar
Phone: (95)1-860-3352

SINGAPORE

JFE Steel Asia Pte. Ltd.

16 Raffles Quay, No.15-03, Hong Leong Building,
048581, Singapore
Phone: (65)6220-1174 Fax: (65)6224-8357
JAKARTA

PT. JFE STEEL INDONESIA

6th Floor Summitmas Il, JL Jendral Sudirman Kav.
61-62, Jakarta 12190, Indonesia

Phone: (62)21-5622-6405 Fax: (62)21-522-6408

NEW DELHI

JFE Steel India Private Limited

806, 8th Floor, Tower-B, Unitech Signature Towers,
South City-I, NH-8, Gurgaon-122001, Haryana, India
Phone: (91)124-426-4981 Fax: (91)124-426-4982

MUMBAI

JFE Steel India Private Limited, Mumbai Office
603-604, AWing, 215 Atrium Building, Andheri-Kurla
Road, Andheri (East), Mumbai-400093, Maharashtra,
India

Phone: (91)22-3076-2760 Fax: (91)22-3076-2764
CHENNAI

JFE Steel India Private Limited, Chennai Office
No.86, Ground Floor, Polyhose Towers(SPIC Annexe),
Mount Road, Guindy, Chennai-600032, Tamil Nadu,
India

Phone: (91)44-2230-0285 Fax: (91)44-2230-0287

BRISBANE

JFE Steel Australia Resources Pty Ltd.
Level28, 12 Creek Street, Brisbane QLD 4000
Australia

Phone: (61)7-3229-3855 Fax: (61)7-3229-4377
B EUROPE and MIDDLE EAST

LONDON

JFE Steel Europe Limited

15th Floor, The Broadgate Tower, 20 Primrose Street,
London EC2A 2EW, U.K.
Phone: (44)20-7426-0166 Fax: (44)20-7247-0168
DUBAI

JFE Steel Corporation, Dubai Office

PO.Box 261791 LOB19-1208, Jebel Ali Free Zone
Dubai, U.A.E.

Phone: (971)4-884-1833 Fax: (971)4-884-1472
B NORTH, CENTRAL and SOUTH AMERICA

NEW YORK

JFE Steel America, Inc.

600 Third Avenue, 12th Floor, New York, NY 10016,
USA.

Phone: (1)212-310-9320 Fax: (1)212-308-9292
HOUSTON

JFE Steel America, Inc., Houston Office

750 Town & Country Blvd., Suite 705 Houston,
Texas 77024, U.S.A.
Phone: (1)713-532-0052 Fax: (1)713-532-0062
MEXICO CITY

JFE Steel America, Inc., Mexico Office

Ruben Dario #281-1002, Col. Bosque de
Chapultepec, C.P 11580, CDMX. D.F Mexico
Phone: (562)55-5985-0097 Fax: (52)55-5985-0099

RIO DE JANEIRO

JFE Steel do Brasil LTDA

Praia de Botafogo, 228 Setor B, Salas 508 & 509,
Botafogo, CEP 22250-040, Rio de Janeiro-RJ, Brazil
Phone: (55)21-2553-1132 Fax: (55)21-2553-3430

Notice

While every effort has been made to ensure the accuracy of the information contained within this publication, the use of the information is at
the reader’s risk and no warranty is implied or expressed by JFE Steel Corporation with respect to the use of information contained herein.
The information in this publication is subject to change or modification without notice. Please contact the JFE Steel office for the latest information.

Copyright © JFE Steel Corporation. All Rights Reserved.

Any reproduction, modification, translation, distribution, transmission, uploading of the contents of the document, in whole or in part, is strictly prohibited. 2103R(1802) JTR

Printed in Japan
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