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Progress on Marine Corrosion Resistant Steels

ZHANG Guohong, CHENG Lin, LI Yu, ISAYEV Oleg, WU Kaiming

(State Key Laboratory for Refractory Material and Metallurgy Jointly-Constructed by Ministry-Province,
Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: The development and utilization of marine resources have become one of the key targets for 21st century along
with the gradual depletion of resources on land. Research and application of marine corrosion resistant materials are the ba-
sis and prerequisite for marine development. Marine corrosion resistant steels are widely used in the crude oil tank, off-
shore platform, submarine oil and gas pipeline and large cross-sea bridge etc. Because many kinds of high strength low al-
loy steel have been used in the development and utilization of ocean, only the progress on corrosion resistant steel for crude
oil tank and seawater corrosion resistant steel are reviewed in this work. For corrosion resistant steel for crude oil tank, the
corrosion environment and mechanism of cargo oil tank are summarized, the current status in Japan, Korea, Ukraine,
Russia and China are described. Furthermore, the characteristics of seawater corrosion resistant steel in United States, Ja-
pan, France and China are compared. Based on the above analysis, the existing problems and weakness in China, and the
future countermeasures are thus proposed. Finally, the key technologies and core scientific problems in the development of
oil tank and marine corrosion resistant high strength low alloyed steels are put forward.
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Market share on the three main indexes of global ship-
building in 2013

Table 1

Index/Country Global China Korea Japan

Accomplished  Million DWT 107.57 43.35 33.36 24.68

shipbuilding
Proportion/% 100 40.3 31.0 22.9

output

Million DWT 144.77 68.84 44.19 22.60

Newly undertook

ship orders  proooion/ 100 47.6  30.5  15.6
Ship orders  Million DWT  284.30 13010 76.41 54.43
in hand

Proportion/% 100 45.8 26.9 19.1
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Table 2 Shipbuilding cost comparison between use of coating
and corrosion resistant steel
Ttem Coating Corrosion resistant steel
Target 15 years 25 years
Inspector Qualified coating inspector None
- Edge treatment
Additional —'Surface .treatmen‘t ‘
. — Multiple coating application
work during None
. — Measurements of salts,
construction . .
dry film thickness etc.
— Repair of defects
— Inspection of coating
Additional condition
work after - Repair by recoat, None
construction weld, steel
renewal
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Fig. 1  Corrosion environment ( a) and corrosion morphology
of the upper deck(b) and bottom plate( c) of crude oil
tank ( COT)
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Table 3 Gas composition in vapor space of cargo oil tanks

COT No. 3 4C 48 5C
Crude oil type A B C D
Cargo loading ratio ~ 93% 89% 92% 31%

H,S(%)  0.279 0.133 0.049 8 0.0817

H,0 4.9 3.9 5.3 2.5

0, 1.7 2.5 1.8 3.9

Gas, CO, 3.7 4.0 2.2 10.9
&% S0,(%) 1.3x107* 3.9x10"* 1.6x107* 2.7x10~*
N, 32.9 45.0 25.7 62.0

C.H, 54.9 42.4 62.2 15.0

[o0) 0.0 0.0 0.0 0.0

T4 MMERATEEE B LEAR (%)
Table 4 Chemical composition of water sampled from the bottom

of cargo oil tanks

Tank Na* T -Fe Fel* Cl- S0i~ Mg pH H,S
A 1.36 2x107* 2x107* 4.25 1.4x107%* - 7.0 -
B 4 4.2x10731.1x107% 4.8 1.47x10°" - 7.2 -
C 4 2.5x107* 1x107* 5.4 1.35x10°" - 7.5 -

S OMARSIMAL_E T RARE MRS L
Table 5 Comparison of corrosion status between the upper deck

and bottom plate of oil tank

Upper deck Bottom plate

Corrosion type Uniform corrosion Pit corrosion

Corrosion rate 0.1 mm/a 2 ~4 mm/a
Corrosion Inert gas(0,, CO,, 0il coat, Brine(8% NaCl) .
environment SO,, N,), H,S, H,0 Sludge, Rust, etc.
c on 1 (a, y) - FeOOH, (a, B, y) —FeOOH, FeS,
orrosion fayer S, Fe;0,, etc. S, Fe;0,, FeCO,, etc.
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FO6  FHK NSGP™-1 WML LS (RS E/ %)
Table 6 Chemical composition of NSGP-1 corrosion resistant steel developed by Nippon Steel( mass fraction/% )

( Si Mn P S Cu Ni Cr Mo Ceq

NSGP™ -1 0.124 0.26 0.96 0.014 0. 0015 IACS 0.331
AH32 0.15 0.2 1.15 0.015 0. 005 0.01 0.01 0.01 0.00 0.322
IACS standard <0.18 <0.5 0.9-1.6 =<0.035 <0. 035 <0.35 <0.40 <0.20 <0.08 0.36

%7 JFE A NACS Wil R4 32 5 4 Fn h i e 120

Table 7 Chemical composition and mechanical properties of NAC5 steel developed by JFE

Chemical composition(w/% ) Tensile test . )
Thickness/mm Charpy impact test, vE /]
Si Mn P S Others sol. Al Ry ,/MPa R,/MPa A/%
25 0.14 0.24 1.02 0.018 0.005 - 0. 022 375 502 28 202
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Fig. 2 Schematic diagram of the corrosion rate of steel pile in

different zones of the seawater
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Table 8 Gap between China and overseas countries in marine

corrosion resistant steels

Items China Overseas countries

SURT . Series of marine
Serialized aspects No series product . .
corrosion resistant steel

Deep seawater corrosion 95% dependent Mature technology

resistant steel on imports
High performance
(high strength, high
toughness, surge-
resistant, marine Technological
environment corrosion monopoly
resistance and long life)
low alloyed corrosion
resistant steel
USA and Japan
. . Lack of have accumulated a
Systematic corrosion .
. systematic large amount of
experiments and . .
corrosion corrosion data
researches .
data since the

1930s
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