
S T A I N L E S S  S T E E L  W O R L D  J U N E 2 0 0 4  www.stainless-steel-world.net 53

u p l e xD

INTRODUCTION

The authors’ company has been heavi-
ly involved with the offshore oil and
gas industry since the development of
the North Sea oil and gas fields in the
1970’s.  In particular there was a
requirement for seawater injection
pumps to maintain production rates.
As the fields became larger and the
pressures higher, austenitic stainless
steel pumps became large and heavy
and duplex stainless steels offered
weight saving due to their higher
strength.  However, the 25Cr duplex
stainless steels available in the 1970’s
did not meet all the requirements in
terms of strength and corrosion resist-
ance.  An alloy development pro-
gramme resulted in a cast alloy named
ZERON 100 (1), the first of the
superduplex stainless steels1.  This
alloy became very successful for injec-
tion, seawater lift and firewater pumps
and this created a demand for a
wrought counterpart.  The authors’
company developed production routes
for all the commonly used wrought
product forms (plates, pipes, forgings
etc.) and the wrought version first
entered service in the late 1980’s.
UNS numbers were ultimately
obtained for the wrought (S32760)
and cast (J93380) versions and the
alloy was submitted for entry in the
appropriate ASTM standards.  It is
also listed in the vessels codes ASME
VIII division I (cast and wrought) and
III (cast) and ASME B31.3 (wrought)
for pipes. Zeron 100 has become
widely used in many industries in
addition to the oil and gas sector.
Zeron 100 has been in service in sea-
water for up to 16 years, with few
reported problems.  This paper dis-
cusses these problems and shows how
combining these problems with labo-
ratory data have enabled the limits of
use to be more accurately defined.

Experiences with superduplex stainless
steel in seawater

(1) trademark of Weir Materials and
Foundries

THE ALLOY

The compositions of the cast and
wrought versions of the Zeron 100 are
shown in Table 1.  The alloys are
made to give a 50/50 ferrite/austenite
microstructure, which combines high
strength with corrosion resistance.
The additions of chromium, molybde-
num and nitrogen give good resistance
to localized attack by chlorides.
Tungsten has a similar effect to
molybdenum, while copper improves
the corrosion resistance in sulphuric
acid.  Table 2 shows the mechanical
properties of the alloy compared with
some other common stainless steels.
The use of the high strength results in
reductions in wall thickness that
reduces not only materials cost, but
also fabrication time and costs.       

APPLICATIONS

Pumps
In the North Sea,
nickel aluminium
bronze (NAB) was
originally used for
seawater lift and
firewater pumps, but
there have been
severe corrosion
problems on some
platforms, which has

lead to replacement by superduplex
stainless steel.  The main corrosion
problem with NAB has been severe
pitting by sulphides during idle time,
although erosion corrosion with high
chlorine dosing has also been a prob-
lem.
The first Zeron 100 injection pumps
entered service in 1982 and are still
working well after 20 years.  The first
seawater lift pumps were installed on a
Shell platform in the North Sea in
1986.  Most of the injection pumps in
the North Sea are now superduplex
stainless steel and it is also the preferred
alloy for seawater lift and firewater
pumps.  This is because the alloy gives
high reliability with minimum mainte-
nance.  Figure 1 shows one of several
large seawater circulation pumps sup-
plied to BOC Cantarell, where the sea-
water also contains substantial suspend-
ed solids.
In the Middle East a common combi-

Table 2.

Minimum mechanical properties of some common

stainless steels.
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Table 1.

Nominal composition of Zeron 100 superduplex stainless steel.



S T A I N L E S S  S T E E L  W O R L D  J U N E  2 0 0 4  www.stainless-steel-world.net54

u p l e xD

graphite coupled to high alloy stain-
less steel would be detrimental in
chlorinated seawater but not in natu-
ral seawater.  Because of this graphite
gaskets are now banned by many oil
companies5 and synthetic fibre gaskets
are preferred for low pressure (10 bar)
seawater system5.
Leaks have also occurred with Ni-Cu
alloy 400 (UNS N04400) spiral
wound gaskets.  High alloy stainless
steels are cathodic to alloy 400 and
stimulate rapid corrosion of the Ni-
Cu alloy in chlorinated seawater, lead-
ing to leakage.  Zeron 100 belongs to
a family of high alloy materials that
can be safely connected together5.
There are superduplex stainless steel,
superaustenitic stainless steel (6 Mo),
titanium, alloy 625 (N06625), alloy C-
276 (N10276) and other nickel -
chromium - molybdenum alloys
where Mo>7%. There have also been
galvanic corrosion problems with
superduplex piping systems fitted with
NAB valves.  These corrode rapidly
coupled to high alloy stainless steel
and closing them becomes a problem.
These failures and the solution (to use
superduplex valves) were explained by
Francis6. 

Crevice corrosion
No crevice corrosion has been seen in
any Zeron 100 system supplied by the
authors’ company, and these systems
operate up to 40°C discharge tempera-
ture.  This excludes the galvanic corro-
sion problems discussed above.  Crevice
corrosion problems with 6Mo
austenitic stainless steel have been
reported at 30° to 35°C7,8, while the
experience with superduplex stainless
steel has been good9.  There has been
some crevice corrosion on Zeron 100

Figure 1. Zeron 100 seawater pump sup-

plied to BOC to handle seawater with a

high solids burden (up to 50,000mg/l)

Figure 2. Zeron 100 fasteners and

clamps used as part of a buoyancy 

system on oilfield riser pipes.

nation for seawater pumps has been an
austenitic cast iron case with a 316L or
25Cr duplex stainless steel impeller.
There have been a number of failures of
austenitic cast iron cases by stress cor-
rosion cracking, and some companies
are now specifying only the more SCC
resistant superduplex stainless steel for
all the components in such pumps.

Piping
The authors’ company supplied the
first superduplex stainless steel off-
shore cooling system to Amerada Hess
(Table 3) in 1989 and it is still in serv-
ice and has proved extremely reliable.
Table 3 shows some of the applica-
tions for Zeron 100 in seawater serv-
ice since that time. These show the
widespread use of Zeron 100 by major
oil and gas operators and engineering
design contractors. The table also
shows that the alloy is also now widely

Table 3.

Some applications for Zeron 100 in seawa-

ter service.

Figure 3. 

Corrosion of a Zeron 100 flange caused by

the use of a graphite-filled gasket.

accepted for piping in reverse osmosis
desalination plants. Because the alloy
is available in all product forms, it is
also used for valves, flanges and bolt-
ing.  Mounting brackets and bolts in
Zeron 100 are widely used in dock-
yards (e.g. Devonport, UK) and in the
seawater intakes of multi-stage flash
desalination plants in the Arabian Gulf
(e.g. Jebel Ali G, Dubai).

PROBLEMS

Galvanic corrosion
When high alloy stainless steels were
first used in the North Sea there were
a number of corrosion problems due
to galvanic corrosion.  Many of these
manifest themselves as crevice corro-
sion.  One of these involved graphite
loaded gaskets.  Kain2 carried out tests
on a range of gaskets, including
graphite loaded ones, and found
crevice corrosion similar to that seen
with PTFE gaskets.  However, Rogne
and Drugli3 showed that the severity
of crevice corrosion with a gasket
depends on its ability to absorb water.
Synthetic fibre gaskets absorb a lot of
water and dilute the strong crevice
solution, while PTFE gaskets absorb
no water and are more likely to cause
crevice corrosion.  Rogne et al3 also
pointed out that graphite only caused
a galvanic problem when the covering
of the graphite is damaged, exposing
the graphite to water.  Unfortunately
this is an occurrence that is frequent
on offshore platforms.  Figure 3 shows
crevice corrosion of a Zeron 100
flange in contact with a graphite gas-
ket in service.  Turnbull4 showed why
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shown in Table 4.  This shows that in
cold seawater alloy Z100 can tolerate
high chlorine levels and this is borne
out by our experiences with seawater
lift pumps in the North Sea where
strong hypochlorite has sometimes
been injected directly into the pump
suction intake and no corrosion has
occurred.

Temperature
When high alloy stainless steels were
first introduced, laboratory tests by
Shell suggested that Zeron 100 would
be OK up to at least 40°C in chlorinat-
ed seawater11.  There are several instal-
lations in the North Sea where seawater
temperatures after heat exchangers
approach this (e.g. Scott ~ 38°C cur-
rently) as well as installations in the
Arabian Gulf (Jebel Ali G ~ 40°C in
summer), and no corrosion problems
have occurred.
Shortly after start up of the Liverpool
Bay platform, there were a few failures
at welds immediately after three gas
coolers.  The seawater temperature was
~ 45°C and the chlorine concentration
was ~ 0.5 mg/l.  There were no failures
further downstream, where the seawa-
ter temperature was below ~ 40°C.
The failures were put down to the sea-
water temperature being above the
design limit (40°C).  However, leaks
also occurred in other welds, exposed in
hot dead legs or discharge lines that see
intermittent high temperatures (~60°C)
during de-waxing.  All the replacement
welds have had 100% radiography and
portable arc monitoring system (PAMS)
monitoring of the welding parameters.
To date there have been no leaks in any
of the replacement spools.
Similar leaks at welds have also been
seen on the BP Bruce and ETAP plat-
forms in areas that see intermittent high
temperatures, above the recommended
limit.  All the operators seeing leaks in
hot discharge lines said that once nor-
mal operating conditions were restored
no further leaks occurred.  This is
believed to be due to the ability of
Zeron 100 to repassivate readily when
normal temperatures are restored.  This
was demonstrated in laboratory tests12,
where Zeron 100 repassivated more
readily than other superduplex and
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flanges that reached temperatures of
60°C or more during dewaxing of heat
exchangers offshore.  This temperature
is above that recommended for
superduplex stainless steels in seawater.
Despite this the operators who have
experienced this corrosion report that
repassivation occurs readily on restor-
ing normal operating conditions and
actual leaks are rare.  
Both superduplex and superaustenitic
stainless steels have shown a small
amount of crevice corrosion in labora-
tory exposure tests10.  At first sight this
appears to contradict the service experi-
ence, but the reason is probably to do
with the crevice formers.  In a seawater
cooling system the crevices are mostly
flanges with synthetic fibre gaskets,
while exposure tests usually use INCO
type crevice washers in PTFE or a simi-
lar polymer.  As explained above, these
polymers absorb little or no water and
so create a more severe crevice than
fibre gaskets, which do absorb water3.

Welds
Severe corrosion occurred at the welds
in the firewater system on the Good-
wyn ‘A’ platform off the north west
coast of Australia.  These were initially
due to poor quality welding that result-
ed in the formation of large quantities
of sigma phase (>10%).  This phase
produces a large, local reduction in cor-
rosion resistance and the problem was
largely solved by qualifying new weld
procedures to avoid sigma formation. 
Since that time there have been some
additional problems on this platform
with superduplex:

1. There have been a few failures of
welds subsequently, but these are
believed to be in areas exposed to

direct strong sunlight, where pipe
temperatures can reach ~70°C.
Superduplex stainless steel is not gen-
erally suitable for use at these tem-
peratures in seawater (see below).

2. There has been corrosion of flanges
due to the use of alloy 400 spiral
wound gaskets (see galvanic corro-
sion above).

3. Corrosion of sprinkler heads in the
firewater system occurred soon after
start-up.  These were brass and the
problem was corrected by fitting
sprinklers in Zeron 100.

4. Corrosion of the threads of Zeron
100 sprinkler heads occurred in the
accommodation module at ~20°C.
This was caused by a depolarization
of the cathodic reaction (reduction of
dissolved oxygen) due to the presence
of metallic copper.  This had formed
by the reduction of copper corrosion
products from the previous brass
sprinkler heads.  This problem can be
prevented by thorough cleaning to
remove the copper deposits.

Chlorine
All high alloy stainless steels suffer foul-
ing in natural seawater.  Hence, it is
usual to chlorinate the seawater in a
cooling system at the intake.  The chlo-
rine residual decreases through the sys-
tem as the chlorine reacts with organic
material in the seawater.  In offshore
cooling systems it is usual to measure
the chlorine residual at the top of the
pump column pipe or in the ring main
close to the intake.  The level is usually
from 0.5 to 1.0 mg/l with 0.7 mg/l
being typical.
When the Scott platform started up in
1993 there were seven leaks at welds
after the heat exchangers.  The seawater
temperature was 43°C and the chlorine
residual at this point was measured as 2
mg/l.  This was far too high, and no
further leaks occurred after the chlorine
dosing was brought under proper con-
trol.  There have been no further prob-
lems with the seawater system since that
time.
The Scott failure and laboratory testing
showed that the tolerable chlorine dose
is a function of the seawater tempera-
ture.  This data was combined to give
the maximum safe chlorine levels

Table 4.

Recommended maximum chlorine levels

at different seawater temperatures.
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superaustenitic stainless steels.
The Piper Bravo platform installed a
superduplex stainless steel seawater
cooling system, and the initial discharge
temperature from three gas coolers was
~20°C for several months.  The gas
intake then increased and discharge
temperatures rose to ~55°C.  Concern
was raised about corrosion, but after 2
years there were no leaks and the dis-
charge temperature was further
increased to 65°C.  After a further 4
years there have still been no leaks.
This demonstrates the advantage of a
“soft” start up.
Laboratory tests13 showed that pickling
welds increased the critical pitting tem-
perature (CPT) in synthetic seawater at
+600mV SCE by ~20°C.  In piping,
where pickling is not possible, a “soft”
start up improves the corrosion resist-
ance.  A recommended procedure is:

1. Start in cold seawater for 2 days
(min)
2. Run in cold, chlorinated seawater for
5 days (min)
3. Turn on heat exchangers.

N.B.The longer the start up, the better.

Hence it is possible to run superduplex
seawater systems at temperatures above
40°C, provided appropriate precautions
are taken.

CONCLUSIONS

1. Zeron 100 superduplex stainless steel
has excellent resistance to localised
corrosion in chlorinated seawater in
flanged pipework systems, with con-
siderable good service experience up
to and including 40°C.  Experience
above 40°C is limited but some oper-
ators have advised of successful con-
tinuous operation at 60 to 65°C for a
number of years without corrosion.

2. Laboratory tests and service experi-
ence have enabled the safe chlorina-
tion/temperature limits to be deter-
mined.

3. A slow start up increases the per-
formance of welds in seawater.

4. Trained and qualified welders work-
ing to approved and qualified weld-
ing procedures are essential if the
optimum seawater corrosion resist-

u p l e xD

ance is to be achieved.  The necessary
disciplines to achieve these require-
ments have been applied by fabrica-
tors around the world with good suc-
cess.
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