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Summary 
Much of the nitric acid produced is used for the production of Fertilizers. The fertilizer industry 
uses acid at a concentration of 60-65%. Stainless steel is used for almost all equipment that 
comes in contact with the process media. The most common material is AISI 304L. However, 
corrosion of heat exchanger tubes and shells has caused much costly down time and maintenance 
in several nitric acid plants. The selection of more advanced stainless steels can be a solution for 
many of the corrosion problems in a cost effective way. The choice of material is critical for the 
performance of the plant and needs to be made carefully taking into account the local service 
conditions. A selection of stainless steels is presented which can be used in nitric acid plants to 
solve problems caused by nitric acid and chloride induced corrosion. 
Corrosion problems may vary from plant to plant because of local service conditions. It is 
important to carefully select material in order to avoid corrosion. The initial cost for a more 
advanced material may be higher, but a later change to a corrosion resistant material is always 
more expensive. For nitric acid service Sandvik 2RE10 is recommended if there are problems with 
304L type materials due to condensation or evaporation of nitric acid droplets. Sandvik 2RE10 is 
expected to increase the service life several times compared to 304L. If there are problems caused 
by chlorides, for instance in the cooling water Sandvik SAF 2304 can be a suitable material with 
better resistance to both chlorides and nitric acid compared to 304L. For cases when a combined 
resistance to both chlorides and nitric acid is needed Sanicro 28 and Sandvik SAF 2906 are the 
best options. 
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The duplex structure accounts for a yield strength about 
twice that of austenitic steels and a thermal elongation close 
to that of carbon steels. Due to the thermal elongation and 
mechanical strength DSS has often proved to be a cost 
effective solution. Examples of typical microstructures can be 
seen in Figure 1.

Much of the nitric acid produced is used for the production of 
Fertilizers. The fertilizer industry uses acid at a concentration 
of 60-65%. Stainless steel is used for almost all equipment 
that comes in contact with the process media. The most 
common material is AISI 304L. However, corrosion of heat 
exchanger tubes and shells has caused much costly down time 
and maintenance in several nitric acid plants. The selection of 
more advanced stainless steels can be a solution for many of 
the corrosion problems in a cost effective way. The choice of 
material is critical for the performance of the plant and needs 
to be made carefully taking into account the local service 
conditions. A selection of stainless steels is presented which 
can be used in nitric acid plants to solve problems caused by 
nitric acid and chloride induced corrosion.

Introduction

Table 1. Chemical composition and microstructure of a selection of stainless steels. The chemical composition is the 

nominal composition and in presented in wt%. (PRE: Pitting Resistance Equivalent = %Cr + 3.3%MO + 16%N)

Figures 1. Typical microstructures of austenitic and DSS. Picture A 

shows Sandvik 2RE10 representing austenitic stainless steels and 

Picture B shows Sandvik SAF 2906™ representing DSS. 

Stainless steels are steels which spontaneously form a thin 
protective chromium oxide on the surface. Chromium is the 
most important alloying element in stainless steels and needs 
to be above 10 wt% in order for the oxide �lm to form at 
normal atmospheric conditions. Other alloying elements are 
added to give the material the microstructure and properties 
that is desired. In austenitic stainless steels nickel is added. 
Nickel is a strong austenite former and makes it possible to 
keep an austenitic structure after cool down to room tempera-
ture. If the nickel content is reduced it is possible to achieve an 
austenitic/ferritic material with about 50% of each phase. 
Some of the stainless steels which Sandvik offers for use in 
nitric acid plants can be seen in Table 1.

The ferrite content of duplex stainless steels gives several 
advantages. Duplex stainless steels (DSS) combine the high 
stress corrosion cracking (SCC) resistance of the ferrite phase 
with the high ductility of the austenite phase. Since DSS have a 
naturally high resistance to SCC it is common to alloy DSS 
with molybdenum and nitrogen making the steel corrosion 
resistant to pitting and crevice corrosion. The DSS is therefor 
well suited for applications where high chlorine content can be 
expected, such as sea water applications. However, DSS is 
useful also in other applications. The pitting resistance 
equivalent (PRE) is a simpli�ed way of comparing the 
resistance to pitting corrosion for different grades. A higher 
PRE-value generally means a higher pitting resistance.

Stainless steels – chemical 
composition and microstructure

Grade                             UNS No.            Microstructure            C max              Cr               Ni                    Mo               N           PRE

Sandvik 3R12                   S30403               Austenitic                       0.030                18.5             10                      -                  -             18.5

Sandvik 2RE10                 S31002               Austenitic                       0.015                 24.5             20                    <0.10           -             24.5

Sanicro™ 28                     N08028              Austenitic                       0.020                 27                31                    3.5               -              38.5

Sandvik SAF 2304™         S32304              Duplex                            0.030                 22.5             4.5                    -                  0.1           24

Sandvik SAF 2906™         S32906              Duplex                            0.030                 29                7                       2.3              0.35         41.5

A

B
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Isocorrosion curves are another way of predicting the 
performance of different steel grades. Isocorrosion curves are 
based on general corrosion testing where a sample is exposed 
at a certain temperature and concentration. The sample is 
exposed in three periods (24h+72h+72h) and is carefully 
weighed before and in between the periods. The corrosion 
rate is then calculated in the same way as for the Huey 
testing. The average value from the second and third period is 
used as the corrosion rate at the speci�c concentration and 
temperature. A diagram is then drawn corresponding to a 
speci�c corrosion rate, normally 0.1 mm/year. Isocorrosion 
curves can be seen in Figure 3. The diagram clearly shows 
that Sandvik 2RE10 is the best stainless steel option for use 
in nitric acid if only the corrosion from the acid is consid-
ered. Sandvik SAF 2304 can be used at higher concentrations 
and temperatures than Sandvik 3R12 (304L) with an allowed 
corrosion rate of 0.1 mm/year even though they show similar 
corrosion rates at boiling 65% acid.

Nitric acid is a strong acid with the chemical formula HNO3. 
Even though nitric acid is a strong acid it is not extremely 
corrosive. The acid is strongly oxidizing and helps forming a 
protective oxide. However, acid with high concentrations 
and/or high temperature is corrosive for all stainless steels 
where special stainless steels such as Sandvik 2RE10 have better 
properties than standard stainless steels.

Standard austenitic steels of type 304L, for example 
Sandvik 3R12, are extensively used in nitric acid plants where 
nitric acid is present. In some parts and/or processes 304L is not 
enough and more corrosion resistant materials are needed.

Generally the corrosion resistance is determined by the 
chromium content. The higher chromium content the better 
corrosion properties. Also very-low carbon content in combina-
tion with a low amount of impurities is important to get the 
best corrosion resistance. The molybdenum content is often said 
to have a negative effect on the corrosion properties in nitric 
acid, this is generally true. However, molybdenum is not always 
completely detrimental and can have other positive effects that 
are also important for the application. Some of the stainless 
steels that could be considered for nitric acid service are 
presented in Table 1.

The Huey test (ASTM A262 practice C) gives a good indication 
of how good a material performs in nitric acid. The Huey test is 
performed by boiling a sample in 65% HNO3 for �ve periods. 
Each period is 48 hours. The sample is carefully weighed before 
and after each period. The weight loss, density, sample area, 
and exposure time is then used to calculate the corrosion rate. 
The most frequent use of the Huey test is as a delivery test to 
check that the annealing has been performed properly or to 
check if the material is sensitive for sensitization. Typical 
corrosion rates for the relevant steel grades are presented in 
Figure 2. Sandvik 2RE10 show the best results and the lowest 
corrosion rates. Sanicro™ 28 show slightly higher corrosion 
rate followed by Sandvik SAF 2906™. Sandvik 3R12 and 
Sandvik SAF 2304™ show comparable results.

Corrosion resistance – nitric acid

Figure 2. Huey results for some of Sandvik’s stainless steel grades that can be used for nitric acid service.  The guarantee values are what 

Sandvik guarantee and are often lower than what is normally accepted (the Sandvik SAF 2304™ value is based on a single value).

Figure 3. Isocorrosion curves for Sandvik stainless steels in nitric 

acid. The isocorrosion curves represent 0.1 mm/year
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DSS have higher yield strength and tensile strength than 
austenitic stainless steels. The improved tensile strength can be 
used to reduce the wall thickness for a given internal pressure. 
Minimum values are given in Table 2.

It should be noted that duplex stainless steels are susceptible 
to 475 degree embrittlement which means that the microstruc-
ture changes if the material is kept at temperatures exceeding 
250°C (482°F) or higher for prolonged periods. The conse-
quence will be a reduction in impact strength. This might limit 
the use of the materials at elevated temperatures. 

Mechanical properties

In nitric acid with very high concentrations and temperatures 
where it is not possible to use stainless steels, zirconium is 
often used due to its excellent corrosion resistance in nitric 
acid. Zirconium can be used at the boiling temperature for all 
concentrations. The drawback with zirconium is the high cost 
for material and fabrication. 

Titanium is also used in nitric acid applications. Since nitric 
acid is an oxidizing acid titanium should be an ideal material. 
However, even though the resistance of titanium is better than 
most steels in concentrations above 60% and below 20% it 
has reduced resistance at intermediate concentrations. 
Alloying with palladium or ruthenium does not give any large 
effect for nitric acid service and cannot be used to reduce the 
corrosion rate. Grade 12 which is alloyed with molybdenum 
and nickel has shown increased resistance and can be used to 
increase the safety margin in nitric acid at the critical concen-
tration range, see Figure 4.

Alternatives to stainless steels

Table 2. Mechanical properties of stainless steels at 20°C (68°F).

Figures 4. Performance of titanium in nitric acid. Diagram A is an 

isocorrosion diagram where the lines representing the corrosion 

rate 0.1 mm/year. Diagram B shows the decreased corrosion 

rate of titanium grade 12 in nitric acid.
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Titanium

Sandvik 3R12                       S30403                               210                             515-680                           45                        < 90 HRB (76)

Sandvik 2RE10                     S31002                               210                             500-670                           35                        < 90 HRB (72)

Sanicro™ 28                        N08028                               220                             550-750                           40                        < 90 HRB (79)

Sandvik SAF 2304™            S32304                               400                             630-820                           25                        < 30 HRC (20)

Sandvik SAF 2906™            S32906                               650                              > 800                              25                        < 32 HRC (28)

Grade                               UNS No.                          Yield strength            Tensile strength           Elongation         Hardness
0.2% o�set
N/mm2

min 
N/mm2

A5
%
min

(typical values)
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A

B
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If Sandvik SAF 2304 is not enough to prevent pitting 
corrosion, or if a combination of excellent resistance to nitric 
acid and pitting resistance is needed Sanicro™ 28 or 
Sandvik SAF 2906™ are two good options. Sanicro 28 is an 
austenitic grade which has very good resistance to nitric acid 
and much better resistance to chlorides than Sandvik 2RE10. 
Sandvik SAF 2906 has also very good resistance to nitric acid 
corrosion and an even better resistance to chlorides than 
Sanicro 28. On top of that the duplex structure gives the 
material excellent resistance to SCC and high mechanical 
strength.

Corrosion problems may vary from plant to plant because of 
local service conditions. It is important to carefully select 
material in order to avoid corrosion. The initial cost for a 
more advanced material may be higher, but a later change to 
a corrosion resistant material is always more expensive.

For nitric acid service Sandvik 2RE10 is recommended if 
there are problems with 304L type materials due to conden-
sation or evaporation of nitric acid droplets. Sandvik 2RE10 
is expected to increase the service life several times compared 
to 304L. If there are problems caused by chlorides, for 
instance in the cooling water Sandvik SAF 2304 can be a 
suitable material with better resistance to both chlorides and 
nitric acid compared to 304L. For cases when a combined 
resistance to both chlorides and nitric acid is needed 
Sanicro 28 and Sandvik SAF 2906 are the best options.

Conclusions

Figure 5. Illustration of hot dew point corrosion in nitric acid 

cooler/condensers.

Corrosion problems in tail gas preheaters occur when nitric 
acid droplets entrained in the tail gas hit the hot wall of the 
heat exchanger and evaporate. Since the temperature of the 
heating medium can be very high, sometimes small sacri�cial 
units are installed to take the heaviest attack. Demisting is 
always recommended. Special stainless steels are often 
required for tail gas pre heaters. In this case Sandvik 2RE10 is 
recommended since it is expected to increase the service life, of 
both sacri�cial units and regular pre heaters, several times 
compared to 304L type materials.

Corrosion in boiler feed-water heaters may take place if 
condensate is formed at the end of the unit. Reboiling of the 
condensate by the hot process gas will cause severe conditions 
at which 304L type materials are likely to corrode fast. If the 
design parameters are such that reboiling cannot be avoided 
Sandvik 2RE10 is recommended.

Chloride induced corrosion can also occur in nitric acid 
plants, for instance in tower cooling coils if the cooling water 
contains chlorides. Pitting corrosion can be an even larger 
problem than nitric acid corrosion due to the locally high 
corrosion rate. Sandvik SAF 2304™ can be used to improve 
the resistance to pitting corrosion compared to 304L type 
materials. Sandvik SAF 2304 can resist up to 800 ppm 
chlorides in 55°C (131°F) cooling water, compared with 304L 
type materials which allows only about 200 ppm.

Material selection for nitric acid 
applications
In nitric acid plants the severest corrosive conditions are 
normally found in cooler/condensers, tail gas preheaters, and 
boiler feed water heaters. Especially tough conditions are 
found where condensation and evaporation takes place. The 
classical case is in cooler/condensers with the process gas on 
the tube side. The corrosion takes place at the inlet where the 
�rst condensate is formed. Reboiling of the condensate will 
cause severe corrosive conditions, see Figure 5. One way to 
solve the corrosion problem is to use a material with high 
enough corrosion resistance. 304L type materials will often 
fail due to high corrosion rates. Sandvik 2RE10 is a good 
material choice for this type of application. 

Tube Sheet

1 2

1
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