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Abstract 
Sandvik SAF 2507® was developed and introduced to the market by Sandvik more 
than 20 years ago. Sandvik SAF 2507® is a super duplex stainless steel meaning that 
it has a Pitting Resistance Equivalent (PRE) above 40, giving it the very good 
resistance toward chloride induced localized corrosion such as pitting and crevice 
corrosion. During the last two decades the experience with Sandvik SAF 2507® and 
its potentials has grown enormously. Its excellent corrosion resistance and its 
mechanical strength have made it a commonly used material in sub sea applications, 
e.g. umbilical. It has also found extensive use in heat exchanger applications, 
especially when seawater has been used as cooling media, but also in difficult 
environments with condensing gases forming, e.g. HCl. 

 This paper will cover some of the experiences gained with Sandvik SAF 
2507® in heat exchanger applications, discussing for example the importance of 
choosing the correct tube sheet and gasket and the effect of crevices and deposits. 
The properties of seawater and how this will affect the performance of seawater 
cooled heat exchangers will also be discussed. A further topic will be some 
experienced material failures and how these problems can be resolved. 
 

1 Introduction  
Low temperature heat exchanger applications often have quite severe environments, 
low temperature in this case meaning temperatures below 400°C and wet conditions. 
Relatively high temperatures, condensation, evaporation, boiling or increased 
concentration are but a few of the processes that can cause serious damage to the 
heat exchanger equipment. Nevertheless the majority of the heat exchangers within 
the process industry today are constructed using carbon steel and exhibits 
satisfactory service life. In for example the presence of phosphates or sulphates 
carbon steel will form protective coatings which will, if not completely stop the 
corrosion process, at least significantly lower the corrosion rate. There are cases 
though when carbon steel simply will not have long enough service life to be an 
economical or safe material choice. These cases are usually when there are water 
phases with high concentrations of chlorides present or when the process stream has 
low pH. Also organic acids and non-water process streams can be highly corrosive to 
carbon steel and a more corrosion resistant material has to be used. Stainless steel 
comes in many variants, the most common family being the 300-series austenitic 
stainless steels where the grade UNS S31603 probably is the most frequently used in 
wet heat exchanger applications. This grade has reasonable resistance to chlorides 
and acids as long as the temperature does not become too high, although a 
drawback is its very low resistance to chloride induced stress corrosion cracking 



(SCC). When these alloys do not have good enough corrosion resistance higher 
alloyed grades such as the austenitic grade UNS N80904 and 22% Cr duplex UNS 
S31803/S32205 usually are good alternatives. These grades have significantly 
higher corrosion resistance than the 300-series alloys towards localized corrosion 
such as pitting and crevice corrosion, stress corrosion cracking and general corrosion. 
In some cases though even these rather high alloyed materials are not good enough 
and an even more advanced material has to be used. Examples of such applications 
are chlorinated seawater and environments with both high chloride contents and low 
pH. In these conditions alloys like the super austenitic 6Mo or super duplex grades 
can be good alternatives, both these type of grades having a PRE* > 40. Due to the 
significantly higher alloying content of these grades they have superior pitting and 
crevice corrosion resistance compared to all the grades mentioned above. 

A limitation of duplex grades is that they are subject to spinodal decomposition 
where the ferrite phase forms a chromium rich and a chromium poor ferrite phase. 
This causes high stresses to build up in the material which in turn leads to severe 
embrittlement. Therefore there are maximum operating temperatures for the duplex 
stainless steel; 280°C for S31803/S32205 and 250°C for higher alloyed duplex 
grades. 

Sandvik SAF 2507® (UNS S32750 [1]) was developed by Sandvik Steel, now 
Sandvik Materials Technology (SMT), in the late 1980’s. Sandvik SAF 2507® is a 
super duplex stainless steel with high chromium, molybdenum and nitrogen content 
and was one of the first stainless steels where advanced thermodynamic calculations 
were used in order to optimize the chemical composition, shown in Table 1. The 
grade has during the years since it invention found extensive use especially in marine 
environments but also in heat exchanger applications, where tubes of Sandvik 
SAF 2507® are produced with PRE > 42. The minimum mechanical strength, 
minimum elongation and maximum hardness of Sandvik SAF 2507® heat exchanger 
tubes are shown in Table 2. In this paper some of the experiences with Sandvik 
SAF 2507® as a heat exchanger material will be discussed. The special properties of 
seawater will also be briefly discussed. 
 
Table 1.  The nominal chemical composition of Sandvik SAF 2507®. All concentrations are given as 
weight percent [2]. 
Cmax Simax Mnmax Pmax Smax Cr Ni Mo N 
0.03 0.8 1.2 0.035 0.015 25 7 4 0.3 
 
Table 2.  Mechanical properties of Sandvik SAF 2507® tube and pipe with a maximum wall thickness of 
20 mm at 20°C [2]. 
Rp0.2 min Rp1.0 min Rm A5 Hardnessmax  
550 MPa 640 MPa 800-1000 MPa 25% 32 
80 ksi 93 ksi 116-145 ksi 25% 32 
 

2 Heat exchangers 
Heat exchangers are widely used within all industries but have become more and 
more important with increasing energy costs and demand on more efficient utilization 
of the energy put into a process. There are many different kinds of heat exchangers 
but within the process industry maybe the tube and shell heat exchanger is the one 
most often used for high capacity applications. The advantage with the tube and shell 
heat exchanger is that it is very robust and can take high pressures at the same time 
as it is relatively easy to perform maintenance and repair work on. The basic principal 



of a tube and shell heat exchanger is shown in Fig. 1. The flow on the inside of the 
tubes is said to be on the “tube side” and the flow outside the tubes is said to be on 
the “shell side”. As a rule of thumb you want to avoid crevices where the most 
corrosive media is and as there are plenty of crevices where the tubes goes into the 
tubes sheet on the shell side the most corrosive media is usually kept on the tube 
side. In some heat exchangers though, for example some special cases of seawater 
coolers, the most corrosive flow is kept on the shell side. 
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Figure 1.  Schematic picture showing the principal of a tube and shell heat exchanger. The flow inside 
the tubes is called the tube side flow and the flow on the outside of the tube it is called the shell side 
flow. 
 

2.1 Fabrication 
Among the most common questions regarding duplex stainless steel and heat 
exchangers are those concerning fabrication. It has been a long lived and hard-to-kill 
myth that duplex stainless steel is difficult to weld and that fabrication is slow and 
costly. On the contrary, modern duplex stainless steel is readily welded and gives 
welds with good strength, impact toughness and corrosion resistance if the welding is 
performed correctly. There are some important things that have to be considered 
though. First of all it is important that the correct filler metal matching the base metal 
is used in order to not get a too “weak” weld from a corrosion point of view. Secondly 
it is important that the interpass temperature does not exceed too high temperatures. 
All high alloyed duplex stainless steel are sensitive to the formation of intermetallic 
phases such as sigma phase if kept at high temperatures for too long. The diagram in 
Fig.2 shows a time-temperature-transformation (TTT) diagram for different duplex 
alloys. From the diagram it can be seen that for high alloyed duplex grades such as 
Sandvik SAF 2507® it is enough with a few minutes at 800°C for the material to reach 
only 27 J impact toughness. For a duplex weld to be successful it is therefore 
important to not use too high heat input and that the material is allowed to cool down 
sufficiently before the next pass is made and proper welding procedures should be 
worked out for each welding project. 

 



 
Figure 2.  The 27 J impact curve for three different duplex stainless steel. As can be seen a higher 
alloyed grade is more sensitive to formation of intermetallic phases and embrittlement than a lower 
alloyed grade. 
 

A third and very important parameter when welding duplex stainless steel is 
the shielding gas. Most high alloyed duplex stainless steel and duplex filler metals 
contain high concentrations of nitrogen which unfortunately will go into gas phase 
upon welding. It is therefore important that the shielding gas contains nitrogen in 
order to suppress evaporation and to allow the weld metal to keep its intended 
microstructure. In Fig. 3 the effect of different amounts of nitrogen in the shielding 
gas is shown. It is clear that in order to get a sufficient amount of austenite 
reformation in the weld metal 2-3% nitrogen is needed in the shielding gas. A weld 
with too high ferrite content can be susceptible to hydrogen embrittlement and poor 
impact toughness. 

Another aspect of fabrication is cold working, usually bending of the tubes. 
Due to the fear of stress corrosion cracking fabricators usually also want to perform a 
stress relieving annealing of the tubes after cold working. Duplex stainless steel in 
general and super duplex stainless steel in particular have proven to have excellent 
resistance to chloride induced stress corrosion cracking. There are studies showing 
that under constant load conditions at 100% AYS†, Sandvik SAF 2507® does not 
crack in aerated water solution containing 1% Cl- at 250°C (Fig. 4). Neither in 40% 
CaCl2, pH = 1.5, 100°C does Sandvik SAF 2507® crack after 500 h at a constant load 
of 90% AYS (Fig. 4). The natural high resistance to chloride induced stress cracking 
means that duplex grades in general does not need to be annealed after cold 
working or welding. Actually, annealing duplex stainless steel is in principal never 
recommended due to the risk of formation of intermetallic phases and 475°C 
embrittlement. Consider that a bent tube or welded structure is going to be annealed. 
The chance that a fabricator will have a furnace that will fit the whole tube or 
construction is small and most likely different parts of the fabricated piece will get 
different annealing temperatures and time (Fig. 5). It is also unlikely that the 
construction will be possible to quench after annealing further worsen the situation. 
The material after such a treatment will most likely be in horrible condition with both 
embrittled parts and lowered corrosion resistance. If the customer insist on annealing 
duplex tubes resistance annealing is the only procedure recommended by Sandvik 
Materials Technology. 
 



  
 

 
Figure 3. Sandvik 25.10.4.L filler metal weld deposit using pure argon gas as shielding gas (upper left) 
and using argon + 5% nitrogen ( upper right). It is clear that too low concentration of nitrogen gives too 
high ferrite content while 5% nitrogen gives too high austenite content. The recommended nitrogen 
concentration in the shielding gas is 2-3% (lower left). 
 

  
Figure 4.  Graphs showing the excellent natural resistance of Sandvik SAF 2507® in aerated water 
solutions using constant load test technique. The diagram to the left shows results from pH neutral 
sodium chloride solutions, samples loaded to 100% AYS, test time 1000 h. The diagram to the right 
shows results from testing in 40% CaCl2, pH = 1.5 at 90% AYS. 
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Figure 5.  Schematic picture illustrating a U-bent tube annealed at the cold worked part in a too small 
furnace and the temperature gradients it will experience. Mechanical and corrosion resistant properties 
will be severely hampered. 
 

2.2 Properties of seawater  
Seawater is highly corrosive partly due to the high concentrations of chlorides but 
also because of the biological activity in the water. Microorganisms which enter the 
cooling water system with the seawater can attach themselves to metal surfaces and 
form deposit like conditions. These microorganisms will also produce waste material 
which can increase the corrosion potential of a stainless steel up to +400 mVSCE, 
leading to corrosion issues if 22% Cr duplex or standard austenitics are used. 
Therefore, in order to control the microorganisms the seawater is often chlorinated 
using sodium hypochlorite. This chlorination will take care of the problems with the 
microorganisms, but instead the chlorination can increase the corrosion potential of 
the stainless steel up to +600-700 mVSCE. Thus the chlorination process in itself can 
be the cause of severe corrosion problems, especially if crevices or deposits have 
formed. 

Another issue concerning seawater is its high hardness, the hardness being a 
measure of the seawaters total magnesium and calcium content. The total hardness 
of “normal” seawater is ~6600 mg/L in CaCO3 equivalents although it can be much 
higher in some parts of the world such as tropical regions. Seawater also contains 
large amounts of dissolved carbon dioxide, CO2, which takes part in an equilibrium 
chemical reaction with water and calcium carbonate according to (1) and (2). 
 

(aq)3CO2HO2H(g)2CO ↔+    (1) 

(aq)32HCO(aq)2Ca(aq)3CO2H(s)3CaCO −++↔+   (2) 

 
The solubility of carbon dioxide in water is temperature dependent and if the 

seawater temperature increases the solubility of carbon dioxide decreases, i.e. an 
increase of the seawater temperature will drive carbon dioxide out of the system. 
With the chemical equilibria (1) and (2) present in the seawater a “reverse solubility” 



phenomena will occur when the seawater temperature increases and (3) is driven to 
the right. 
 

O2H(g)2CO(s)3CaCO(aq)32HCO(aq)2Ca ++↔−++  (3) 

 
The consequence of (3) is that if the seawater temperature in a seawater 

cooled heat exchanger increases too much, carbonates will start to precipitate and 
there is a risk for deposits forming on the tube surfaces [3]. These deposits can then 
give rise to under deposit corrosion, especially if the seawater is chlorinated. As a 
rule of thumb 60°C is considered to be the critical temperature when carbonates will 
start to precipitate, although this is depending on the total hardness of the seawater; 
the harder the seawater the lower the temperature for precipitation of calcium 
carbonate. 
 

3 Sandvik SAF 2507 ® in heat exchangers  
Sandvik SAF 2507® was originally designed for seawater coolers on ships but was 
soon found to be a very good all-round solution for a wide variety of applications. 
Nevertheless the most important aspect of the grade has been its very good 
resistance to seawater, both natural and chlorinated. The earlier 22% Cr duplex 
grades could only be used in natural seawater at low temperatures and with high 
flows; if situations with stagnant conditions were reached the corrosion process could 
be very fast. This made Sandvik SAF 2507® a possible cheaper solution for these 
kind of environments compared to austenitic 6Mo alloys, nickel base alloys and 
titanium.  

 

3.1 Seawater coolers 
As seawater in principal is a limitless and cheap cooling media seawater coolers are 
in some cases attractive choices in process plants situated close to coastal areas. In 
seawater coolers chlorination is in principal always used in order to combat growth of 
microorganisms. This in combination with the elevated temperatures that the 
seawater will reach makes the environments severely corrosive and the material 
selection process is critical to get a well functioning system. 22% Cr duplex has 
sometimes been tried in seawater coolers together with cathodic protection. 
Experience shows though that it can be problematic to get the cathodic protection 
system to work and the disastrous effect can be seen in Fig. 6. With the enhanced 
resistance of Sandvik SAF 2507® towards localized corrosion cathodic protection is 
not needed and as long as deposits are not present the grade can easily resist 
chlorinated seawater above 50°C. Due to the risk of carbonate precipitation as 
discussed earlier the design temperature of seawater coolers is in general set to 
40°C with operating temperatures around 35°C. The first installation of Sandvik SAF 
2507® in a seawater cooler dates back to the early 1990’s and the grade is to this day 
widely used in this application with good experiences. 
 



  
Figure 6.  Tubing and tube sheet in Sandvik SAF 2205® failed after just a few weeks in a seawater 
cooler using chlorinated seawater and cathodic protection, showing that this material does not have 
good enough corrosion resistance for this kind of application. 
 

It is important when designing seawater coolers that not only the tubes have 
sufficiently good corrosion resistance but also the tube sheet, weld filler metal and 
gasket material have to be considered. Usually the tube sheet is made of the same 
material as the tubes and the filler metal matching Sandvik SAF 2507® is used when 
welding. During the years the choice of gasket material has frequently been a source 
of failure though. It seems to be a common mistake that in order to save money when 
so much has been spent on tubes and tube sheet, a gasket made of a Cu/Ni alloy or 
maybe 300-series austenitic stainless steel is chosen. Unfortunately 300-series 
stainless steel cannot be used in chlorinated seawater at any temperature and the 
gasket will very quickly start to corrode. When stainless steel starts to corrode its 
corrosion potential will be lowered and it will become anodic to the non-corroding 
tube sheet. Copper and Cu/Ni alloys are naturally anodic to non-corroding stainless 
steel so in both cases the gasket will effectively turn into a sacrificial anode for the 
tube sheet, resulting in leakage and unplanned shutdowns. 
 

3.2 Refinery overhead condensers 
Refineries are complex industries with an extensive number of heat exchangers, over 
1000 in the larger plants. The majority of these heat exchangers are made of carbon 
steel but in some cases high alloyed steel is needed in order to get sufficiently long 
and safe service life. One of the most corrosive wet environments experienced in a 
refinery is the over head condensers, an explanation will follow below. 

Metal ions in water solutions will be surrounded by 4-6 water molecules with 
the water molecules oxygen atom oriented towards the metal ion in the center. The 
smaller radius and the higher the charge of the metal ion the stronger the attraction 
between the water molecule and the metal ion will be. Due to the different 
electronegativities of hydrogen and oxygen the water molecule will have a partial 
negative charge on the oxygen atom and partial positive charge on the hydrogen 
atoms. In the metal ion – water cluster the positive charge of the metal ion will attract 
an even larger negative charge onto the oxygen atom, thereby weakening the bonds 
between the oxygen and the hydrogen atoms in the water molecules. This in turn will 
lead to that one or more of the water molecules surrounding the metal ion easily will 
loose one hydrogen ion. This phenomena is called hydrolysis and the effect is that 
the metal ion – water cluster is behaving as an acid (4) [4]. A metal ion with small 
radius and high charge will be more acidic than a large ion with a low charge. 



++ +↔ H(OH)O)(Me(HO)Me(H 1)-(n
1-x2

n
x2   (4) 

 
When the crude oil is delivered to the refinery it contains water soluble salts 

such as magnesium chloride and sodium chloride. In a first step the crude is 
therefore desalted in a process where as much as possible of the salts are removed 
by using extraction and separation by water. It is not possible though to remove all 
salts and a few ppm will continue into the atmospheric distillation unit. Here, due to 
the high temperature the hydrated metal ions will rapidly undergo hydrolysis not only 
in one but in two steps, leading to formation of metal oxide and hydrochloric acid (5)-
(6). The hydrochloric acid will then go into gas phase as hydrogen chloride according 
to (7) below [5]. 
 

(aq)2ClO)Me(H(s)MeCl -2
62

Water
2 + → +   (5) 

 
O5H(aq)HMeO(s)O)Me(H 2

Heat2
62 ++ → ++ 2  (6) 

 
2HCl(g)(aq)Cl(aq)2H Heat-  →++ 2   (7) 

 
Hydrogen chloride is a strong acid and will readily dissolve in any liquid water 

resulting in the formation of highly corrosive hydrochloric acid. This will usually 
happen in the top over head systems in different refinery units where water 
condenses and can cause severe corrosion problems. Usually water washing, 
inhibitors and/or neutralizing chemical agents are used to combat the condensed 
acid. It is also common with fouling causing under deposit conditions which will 
drastically increase the risk for corrosion. 

In the overhead condenser Sandvik SAF 2507® has proven to be a good 
solution for many cases where there have been problems with fouling or 
condensation of hydrochloric acid. Within the refinery industry the presence of 
hydrogen sulphide (H2S) and the risk of stress corrosion cracking is usually also a 
major concern. The concern is especially the duplex weld structure where poor 
welding procedure can give high ferrite content and an increased susceptibility to 
hydrogen embrittlement. Sandvik SAF 2507® is included in the standard NACE 
MR0103 in the material group “duplex with PRE > 40” and is as such approved for 
using in refinery equipment [6]. As far as SMT knows Sandvik SAF 2507® has never 
failed due to hydrogen embrittlement in a refinery application. 
 

3.4 Petrochemical and chemical industry 
In today’s petrochemical market the most important hydrocarbon raw materials 
following petroleum refining and natural gas processing are ethylene, propylene, 
butadiene, benzene, mixed xylenes and methanol production. Although most of these 
final products are noncorrosive there are many production steps where organic acids 
and corrosive catalysts are used. The major corrosion problems in petrochemical 
heat exchangers are organic acids (e.g. formic acid, acetic acid, and terephthalic 
acid), organic chlorides (polyvinyl chloride and other chlorinated hydrocarbons) and 
cooling water (including seawater cooling). Sweet cooling water is often recycled a 
number of times which can lead to accumulation and concentration of corrosive 
species such as chlorides, H2S and acids making it very corrosive. There are also 
demands for product purity which might disqualify carbon steels and other non 
passive materials as they will contaminate the final products. 



Sandvik SAF 2507® has shown very good resistance to organic acids and 
other organic species although the strongest and most corrosive organic acid, formic 
acid, will corrode the grade at boiling point in the concentration range 40%-95%. 
Within the production of hydrocarbons there are also often used catalysts such as 
halides that can cause corrosion problems, for example halides carrying over to other 
system and condensing as strong halide acids. This will cause problems similar to 
those encountered in refinery over head systems. 
 

3.5 References  
Sandvik SAF 2507® has a long list of successful references over the years. Due to 
the material excellent properties in seawater a large part of the systems where the 
grade has been the solution to corrosion problems have been in seawater coolers. 
Since seawater coolers are present in all kind of industries choosing Sandvik 
SAF 2507® has sometimes also been the solution to combat corrosion on both the 
tube side and the shell side. Below follows some examples of where Sandvik 
SAF 2507® has proven to be a good and cost efficient solution. 

 
3.5.1 Refinery condenser 
A condenser in an Italian refinery was using carbon steel tubes which had lifetime of 
2-3 years. The heat exchanger was used for preheating crude oil on the shell side 
with an in- and outlet temperature of 45-55°C and 60-75°C, respectively. On the tube 
side there was condensing hydrocarbons with traces of water, 30-100 ppm chlorides, 
200-1000 ppm H2S and pH = 6-7. The inlet temperature on the tube side was 120-
138°C. In refineries it is common to use crude oil as a cooling media, thus preheating 
it before further processing, and it is usually considered as harmless from a corrosion 
point of view. In this case it was the tube side flow that caused the corrosion 
problems and it was decided after discussions with SMT that they would try to install 
Sandvik SAF 2507® tubes. The tubes were installed in 1992 and in 2000 the tubes 
were inspected. Ultrasonic and Eddy current testing did not reveal any decrease in 
wall thickness or corrosion damage, also verified by video scope. 

 
3.5.2 Refinery effluent cooler  
Another installation of Sandvik SAF 2507® was made in 1989 in a refinery effluent 
cooler. This heat exchanger used seawater as a cooling media with the seawater 
flow on the shell side, opposite to what is standard practice. The tube side flow was 
hydrocarbons containing up to 1.7% H2S and also with the presence of low levels of 
chlorides. The seawater had a maximum temperature of 37°C with an estimated 
metal skin temperature on the shell side of 44°C. The original material choice for the 
tubes had been 317L, the first bundle failing after 2 weeks and the replacement 
bundle being scrapped after 6 months. After consulting SMT about the problem it was 
decided to replace the 317L tubes with tubes of Sandvik SAF 2507® instead. Upon 
inspection after 2 years of continuous service the tubes were still in pristine condition 
in this demanding application. 
 
3.5.3 Condenser in chemical plant 
In a chemical plant in the US a tube and shell heat exchanger was used to condense 
methylene chloride. On the tube side there was brackish cooling water with a 
maximum temperature of 65°C. On the shell side methylene chloride was condensed 
at 65°C but due to carry over of moisture and chlorides also hydrochloric acid 



condensed on the shell side. Originally tubes of 316L were used but they failed due 
to pitting and leaking after 8-12 months. In 1993 it was decided to install tubes in 
Sandvik SAF 2507® in an attempt to get longer service life out of the tube bundle, 
lower the number of production stops and increase overall efficiency of the plant. The 
new tubing proved to work very well and up to expectations. 
 

3.6 Failures 
Not all installations of Sandvik SAF 2507® have been successful. A material failure is 
not necessarily only a bad thing though as it teaches us a lot about a materials 
limitation and might help us understand a specific application better. Drawing on the 
experience of failed installations it is also possible to get input for development of 
new grades. 

Most of the failures that have been analyzed at SMT R&D during the years 
have been due to upsets or changes in process conditions and only a few have been 
due to wrong material choice. Seawater coolers with poor temperature control are 
especially vulnerable to failures if the formation of calcareous deposits is not 
controlled as discussed earlier. Below follows descriptions of a few failures of heat 
exchangers using Sandvik SAF 2507® material, although not all failures are related to 
the failure of the super duplex material. Some cases rather show that the whole heat 
exchanger unit must be solidly constructed in order to reap the benefits of choosing 
high alloyed grades. 
 
3.3.1 Too high seawater temperature 
The tubes in a seawater cooler at a refinery in the Middle East suffered from severe 
corrosion from the inside of the tube, the corrosion attack propagating through the 
tube wall in several places. The tubes and tube sheet material in this heat exchanger 
was Sandvik SAF 2507®. Upon investigation the tubes showed multiple corrosion 
attacks on the inside of the tube wall in patterns similar to crevice corrosion and there 
was also a thick, brown scale covering the inside of the tube (Fig. 7). The scale was 
in some places more than 1 mm thick and an analysis showed that it consisted 
mainly of calcium carbonate, CaCO3. As discussed earlier in this paper, calcium 
carbonate will precipitate in seawater if the temperature reaches approximately 60°C. 
In this case it was clear that the seawater temperature had exceeded the limiting 
temperature and precipitates had formed and attached to the inside tube wall. The 
high temperature could be from when the heat exchanger was in operation but also if 
the seawater had not been drained properly during stand still in production [7]. 

These situations are difficult to solve using super duplex or super austenitic 
alloys. When the precipitates start to form and attach to the tube wall, they will form 
crevice like conditions. The temperature where this occurs though is above or on the 
limit of what super duplex and super austenitic grades can withstand from a crevice 
corrosion point of view in chlorinated seawater. This means that when the 
precipitates settle on the tube wall crevice corrosion will be imminent. If the high 
temperature is due to difficult temperature control of the heat exchanger the solution 
to avoid these kinds of failures is to use higher alloyed tubes. In this case the 
problems with the temperature control made the end user decided to go for higher 
alloyed hyper duplex UNS S32707 tubes in favor of super duplex. 
 



  
Figure 7.  The corrosion damage of the investigated tube (left) and the thick scale found on the inside 
of the tube wall. 
 
3.3.2 Poor material selection of tube sheet 
The tube sheet is normally more than 10 times thicker than the heat exchanger tubes. 
It means that when seawater is on the tube side the skin temperature of the outside 
of the tube sheet will be much lower than tube skin temperature. It is therefore 
tempting to use a low alloyed material for the whole tube sheet or the cladding 
material. Fig. 8 below shows a tube sheet in UNS 32550 that has failed due to 
crevice corrosion in the gasket area. S32550 is a 25% Cr duplex grade but it is not 
necessarily produced with PRE ≥ 40 and in this case a lower alloyed version of the 
grade had been used. The exact service conditions are not known but the pattern is 
typical for crevice corrosion and the corrosion around the tubes also speaks of some 
kind of deposit forming in this area. Both tube sheets and welds were affected by 
corrosion but the tubes in Sandvik SAF 2507® were not affected at all. Since the 
service conditions are not known it is possible that upset conditions have been a 
reason for the failure, but most likely the resistance to crevice corrosion was simply 
too low as can be seen from crevice corrosion testing below. Choosing a super 
duplex or super austenitic material for the tube sheet and weld filler metal would most 
likely have prevented this failure and costly repairs. 
 

 
Figure 8.  Tube sheet in UNS S32550 that has suffered from crevice corrosion. Note that the tube 
sheet and weld material has corroded while the UNS S32750 super duplex tubes are unaffected. 
 

3.3.3 Tube failure in a refinery overhead condenser  
A refinery had for many years experienced problems with short lifetime of carbon 
steel tubes used in an overhead condenser, the tube bundles being replaced every 
six months. It was determined that the problems were extensive build-up of deposits 
and condensation of hydrochloric acid. The short lifetime was considered to cause 



too many shutdowns with production loss and it was decided to replace the carbon 
steel tubes with super duplex Sandvik SAF 2507® tubes instead. 

After three years of operation severe corrosion damage was observed also on 
the super duplex tubes (Fig. 9). The same kind of deposits as had been observed on 
the carbon steel tubes were present also now. A detailed investigation of the failed 
tubes showed that the chemical composition was correct for the grade and that the 
microstructure was good. In the end it was concluded that the combination of 
deposits, hydrochloric acid condensation and temperature simply was too much also 
for Sandvik SAF 2507®. In the end the refinery decided to yet again trying to upgrade 
the tubes in the heat exchanger, this time to hyper duplex UNS S32707 stainless 
steel. 

 

 
Figure 9.  The failed Sandvik SAF 2507® tube bundle showing extensive deposits and corrosion 
damage due to hydrogen chloride condensation. 
 

4. Discussion and conclusions 
SMT has produced and delivered Sandvik SAF 2507® for more than 20 years and 
has gathered a lot of experience and knowhow about the material. Due to its high 
strength and excellent corrosion resistance in seawater the greatest application areas 
of the grade has been in marine environments such as umbilicals, but there are also 
a significant amount of installations in seawater coolers around the world. There is a 
temperature limitation for Sandvik SAF 2507® in seawater coolers using chlorinated 
seawater and the design temperature should not exceed 40°C. The reason for the 
temperature limitation is to operate the equipment in a safe temperature region if 
calcareous deposits should have formed. The exact temperature for when under 
deposit corrosion is initiated under calcareous deposits has not been established but 
it is believed to occur at approximately 50°C. 

Apart from the marine applications Sandvik SAF 2507® has established itself 
as a good all round solution in many corrosive environments. The material exhibits 
good resistance to hydrochloric acid, well on par with other super duplex grades, 
good pitting and crevice corrosion resistance in chloride containing environments and 
good weldability. The corrosion resistance in organic acids and solvents is very good 
and there is a wide use for the grade within chemical and petrochemical industry. 
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* Pitting Resistance Equivalent = %Cr + 3.3(%Mo+0.5%W) + %N 
 
† AYS = Actual Yield Strength, yield strength of a material at the tested temperature 
 


