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Selection and use
of stainless steels and nickel-
bearing alloys in
nitric acid

C. M. SCHILLMOLLER

Nitric acid is the second most important industrial acid
after sulphuric. It is a strong oxidizer and a very corro-
sive acid. Even though most stainless steels do not resist
100% HNO;, they are resistant to corrosion by the 60%
to 70% concentrations that result from ammonia/air oxi-
dation processes, and the low-carbon or stabilized
stainless steels play a major role in the production and
handling of nitric acid over a wide range of tempera-
tures and concentrations.

This article examines the selection criteria for several
stainless steels and nickel-bearing alloys in the produc-
tion and handling of nitric acid and in its use, both in the
production of ammonium nitrate fertilizers and as an acid
mixture with HF for descaling.

The Bibliography at the end of the article contains ref-
erences that will provide more detailed information on
many of the specific subjects included in this article.

Table I lists the alloys referred to in the article.

Table | Representative stainless steels and high-nickel alloys for nitric acid service.
Designation Nominal Composition, % by mass

Traditional UNS* C Cr Ni Mo Cu Nb Ti Fe Al Other
Type 304 S30400  <0.08 18.0-20.0 8.0-10.5 Bal
Type 304L $30403  <0.03 18.0-20.0 8.0-12.0 Bal
Type 321 §32100 <0.08 17.0-19.0 9.0-12.0 >5x%C Bal
Type 347 §34700  <0.08  17.0-19.0 9.0-13.0 >10x%C Bal
Type 316 §31600  <0.08 16.0-18.0 10.0-140 2.0-30 Bal
Type 317 §31700  <0.08  18.0-20.0 11.0-15.0 3.0-4.0 Bal
Type 316L §31603  <0.03 16.0-18.0 10.0-140 2.0-3.0 Bal
Type 317L §31703  <0.03  18.0-20.0 11.0-15.0 3.0-4.0 Bal
Type 310Nb S31040  <0.08 24.0-26.0 19.0-22.0 Nb+Ta 1.10 Bal

>10x%C
Type 329Mod 832950  <0.03 26.0-29.0 3552  1.0-25 Bal N 0.15-0.35
1815LCSi $30600 <0.018 17.0-185 14.0-15.5 Bal Si 3.70-4.30
Alloy 20 Nb3 N08020  <0.07 19.0-21.0 32.0-380 2030 3.0-40 =8x%C Bal
Alloy C276 N10276  <0.02 14.5-16.5 Bal 15.0-17.0 4.0-7.0 Co<25
W3.0-45
Alloy G30 N06030  <0.03  28.0-31.0 Bal 4060 1.0-24 0.30-1.50 13.0-17.0 W1.5-4.0
C0<5.0

Alloy 690 N06690  <0.05 27.0-31.0 =580 7.0-11.0
Alloy 800 N08800  <0.10  19.0-23.0 30.0-35.0 0.15-0.60 Bal 0.15-0.60
Alloy 825 N08825  <0.05 19.0-235 38.0-460 25-35 15-3.0 0.60-1.20 Bal
Type 430 $43000 <012  16.0-18.0 Bal
Type 446Mod S44627  <0.01  25.0-27.0 0.75-15 0.05-0.20 Bal
Silicon Iron F47003 0.70-1.10 Bal Si14.2-14.75
1100 Aluminium  A91100 0.05-0.20 >99.0
3003 Aluminium  A93003 0.05-0.20 >97.5 Mn1.0-15
*Unified Number System
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Nitric Acid Production

Nitric acid is almost always made by mixing gaseous
ammonia with air, converting it to nitric oxide (NO) in a
reactor over a platinum-rhodium catalyst at 800°C to
950°C, and further oxidizing the NO to NO,. The nitric
oxide is passed through an absorber column for conver-
sion to 60%-65% HNO,, which is bleached with air and
sent to storage. Off-gas from the bleaching operation is
recycled to the absorber. Some details of the plant lay-
out may vary, but the basic design is imposed by the
nature of the process. Figure 1 is a schematic diagram
of a typical plant.

The azeotrope of HNO; and water at atmospheric pres-
sure is 67% HNO;. Higher concentrations of acid—90%
to 100%—are produced by distilling the dilute acid with
a dehydrating agent, e.g., concentrated sulphuric acid,
and condensing the fuming nitric acid vapors from the
dehydration tower overhead.

Materials Selection

Common Stainless Steels

Nitric acid is a very strong oxidizing medium, and
therefore, chromium content plays an extremely im-
portant role in corrosion resistance of stainless steels
and nickel alloys. The most widely used grades of stain-
less steel for nitric acid are the low-carbon or stabilized
austenitic grades: Type 304L (S30403), Type 321
(S32100), and Type 347 (S34700). They are resistant
to corrosion over a wide range of temperatures and con-
centrations up to 60% HNO; at the atmospheric boiling
point. Stainless steels with higher levels of carbon,

such as Type 304 (S30400), that are not stabilized are
subject to intergranular attack in nitric acid at the heat-
affected zone near welds as a result of sensitization
due to the precipitation of chromium carbides at the
grain boundaries.

Molybdenum additions, found in Types 316
(S31600), 317 (S31700), 316L (S31603), and 317L
(S31703), are generally considered to improve the re-
sistance of stainless steels to acid corrosion. However,
in nitric acid, Type 304L generally performs better than
the molybdenum grades because the molybdenum tends
to promote the formation of sigma phase, which is less
resistant to nitric acid attack. Except in mixed acids or
contaminated nitric acid containing halides, Type 304L
is preferred to Type 316L for nitric acid service on the
basis of both cost and corrosion resistance.

Table II shows some of the locations where Type 304L
stainless steel and the stabilized stainless steels are be-
ing used as materials of construction in a nitric acid plant.
Figure 2 shows an isocorrosion diagram for Type 304L
stainless steel in nitric acid.

Special Stainless Steels

Selective corrosion along grain boundaries can occur
when stainless steels are exposed to strong nitric acid at
elevated temperatures. Type 304L can be optimized with
extremely low carbon and low silicon, phosphorus, and
sulphur residuals to be extremely resistant to
intergranular corrosion after sensitization. Sometimes
called Type 304L Special, it is electroslag refined to
obtain the low levels of non-metallic residuals and opti-
mum microstructure.

Type 310 stainless steel (S31000) with low carbon or
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Figure 1 Flow diagram of nitric acid plant.
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stabilized with niobium, is more resistant than Type
304L Special to corrosion by nitric acid up to 67%
because of its higher chromium content. Again, the
composition and microstructure are optimized. These
optimized grades of Types 304L and 310L are often
referred to as “nitric acid grades of stainless steel.”

Type 329 duplex stainless steel (S32950) has provided
excellent service in nitric acid tube-side and shell-side
cooler condensers operating at low to intermediate tem-
peratures. The alloy also offers useful resistance to
chloride stress-corrosion cracking (SCC). Its use is
restricted to temperatures below 260°C.

Elements other than chromium can influence the rate
of scale formation in nitric acid under constant tem-
perature conditions. A proprietary grade known as
1815LCSi (S30600) contains 4% silicon and is re-
markably effective in resisting nitric acid above 95%
HNO;. This alloy is used for piping systems and
equipment for reactions involving highly concentrated
nitric acid at temperatures up to the boiling point.
Several other proprietary stainless steels containing
5% or 6% silicon are available and used for even more
severe conditions in concentrated acid.

Figure 3 shows isocorrosion rate curves of 0.1 mm/yr
for the special stainless steels: 304LSp, 310LSp, and
1815LCSi in nitric acid.

Iron-Nickel-Chromium Alloys

Higher alloy materials such as Alloy 20 Nb-3 (N08020),
Alloy C276 (N10276), Alloy G-30 (N06030), Alloy 690
(N06690), Alloy 800 (N08800), and Alloy 825 (N08825)

sometimes are used for specific applications in nitric acid
environments, but the less expensive austenitic stain-
less steels are usually more economical and just as good.
Some conditions in which higher alloys are useful in-
clude high velocity, mixed acids, or contaminated nitric
acid.

Tubular equipment, such as acid coolers and cooler
condensers are sometimes problem areas in nitric acid
plants. The cooling media on the water side may con-
tain chlorides and cause SCC in the austenitic stainless
steels. Cooler condensers may present additional prob-
lems if the design allows condenser acid to migrate to
warmer portions of the condenser where it can re-
evaporate. Alloy 690 or G-30 may be useful.

>200 MPY

Temperature, °F

0 10 20 30 40 50 60 70
Nitric acid concentration

Table Il Stainless steels in nitric acid
manufacture.
Service Preferred Material
Absorption tOWer .........cccocveiiiciiiiiiciee e all 304L
Ammonia to MIXEr ......ceeuieeiiiiriicieee e 304L
AMmMONIa CONVEMET ....cvveeeieeieiiiee e eeeeeenne 347
65% acid Storage ......cccecvveeeereciieinicieee e 304L
Acid mixing tank .......c.ccooeeeiiiiiiin 304L
Acid concentrator ..........cceeeeieeveeeeiciieee e, 304L
Storage, 95 W% ..cevveeeeiriiieciin e, 304L
{101 o To TR 304L
5] 01 o] o] 1 o RS 304L
Shell Tubes
Ammonia evaporator ................. steel 304L
Ammonia superheater ............... steel 304L
Tail gas heater .........cccccevveeeeen. 304L 304L
Tail gas preheater ............cce.c.. steel 304L
Boiler feedwater heater ............. steel 304L
Weak acid condenser ................ 304L 304L
Turbine gas heater .................... 321/347 321/347
Nitric gas cooler.............cccceuuee. steel 304L
Bleach air cooler........................ steel 304L

Sources: Crooks (1986) and Newman and Miller (1967).

Figure 2 Isocorrosion diagram for AISI Type 304L
stainless steel in nitric acid.
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Figure 3 Diagram showing isocorrosion in ntric acid
for AISI 304L, 310L and 1815LCSi at a
corrosion rate of 0.1 mm/yr (4 mpy).
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Alloys Containing No Nickel

The presentation would not be complete without a
comment on some metals and alloys that do not con-
tain nickel but which can sometimes be used with nitric
acid.

There are applications for the ferritic stainless steels
such as Type 430 (S43000) and a low-interstitial modi-
fication of Type 446 (S44625). Both alloys are more
difficult to fabricate than the austenitic stainless steels,
and both have experienced failures due to crevice cor-
rosion. Their main application is in piping and heat
exchanger tubing.

Alloy F47003, a 14% silicon iron, is very resistant to
nitric acid with greater than 50% HNO;. Its main ap-
plication is in castings.

Aluminum alloys are good for “fuming” nitric acid
at concentrations from 86% to 100% HNO; at ambi-
ent temperatures. Any dilution of the acid will cause
accelerated attack. Aluminum alloys A91100 and
A93003 are frequently used for storage tanks of con-
centrated nitric acid above 95% HNO;. Type 304L
stainless steel is used for lower concentrations. The
effect of nitric acid concentration on the corrosion
rate of aluminum and stainless steel is shown graphi-
cally in Figure 4.

Titanium can be used with most concentrations of
nitric acid at room temperature, but as temperature
increases, the corrosion rate increases, particularly in
the range between 20% and 60% HNOs. Titanium is
never used with red fuming nitric acid because a
pyrophoric reaction can occur. In acid solutions above
90% HNO:s, titanium can be subject to stress-corro-
sion cracking.

Zirconium is resistant to nitric acid at all concen-
trations up to the boiling point, and it is frequently
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Figure 4 Corrosion rate of aluminum A93003 and
stainless steel S30400 in concentrated
nitric acid.

used to solve the cooler-condenser corrosion prob-
lems mentioned above if design adjustments cannot
be made. Zirconium is also used to overcome
vapor-phase corrosion, which can be severe in acid
reboiler tubing. Zirconium can be subject to stress-
corrosion cracking in nitric acid in concentrations
above 20% HNO:s.

Industrial Applications for Nitric Acid

There are a number of major markets for nitric acid,
all requiring facilities for storage and handling. It is
good engineering practice to use Type 304L stainless
steel for storage tanks, tank trucks, rail cars, piping,
valves, and pumps.

Nitric acid is used in the production of acrylonitrile
textile fibers (nylons), dyestuffs, and high explosives.
Type 304L is widely used for production equipment in
each of these. In nuclear fuel processing, Alloy 825
and Alloy 690 are used to handle solvents for dissolv-
ing fuel elements of uranium and uranium oxide
together with their cladding elements. These solvents
include nitric acid up to 45% HNO; at the boiling point,
sulphuric acid, and caustic soda.

Mixtures of acids are frequently encountered in chemi-
cal and metallurgical processes. A mixture of nitric
and hydrofluoric acids is used in the pickling of stain-
less steel to remove oxide films due to heat treating
and to remove embedded iron left as a residue from
fabrication. Type 304L stainless steel is usually inad-
equate for this service and exhibits a corrosion rate
typically about 25 mm per year (1000 mils per year).
Alloy 690 exhibits a corrosion rate of about 0.25 mm
per year (10 mils per year) and can be used for heating
coils in this corrosive acid mixture.

Stainless steels may exhibit marginal corrosion per-
formance in sulphuric acid solutions up to 60% H,SO,.
The addition of 0.5% to 1.5% of nitric acid often re-
stores passivity to Type 316L stainless steel or Alloy
20 in sulphuric acid and acts effectively as a corrosion
inhibitor. Stainless steels are not recommended for mix-
tures of nitric and hydrochloric acid in which the
chloride ion induces high corrosion rates and pitting of
stainless steels. Below 10% hydrochloric acid concen-
tration in nitric acid, Alloy C22 and Alloy G30 exhibit
low corrosion rates.

The largest industrial application for nitric acid is in
the fertilizer industry, where it is used for the produc-
tion of ammonium nitrate and potassium nitrate. Type
304L stainless steel is the preferred material for mix-
ers, evaporators, crystallizers, pumps, piping, and tanks.
The nitrate is frequently stored in concentrated solu-
tions of 83% or 92% at 85°C. Alloy 800 or Type 329
stainless steel are sometimes used in heat exchangers
where one might be concerned about SCC.

Selection and use of stainless steels
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SUMMARY

Because of the strong oxidizing conditions, the stain-
less steels are able to handle most of the conditions
encountered in the production of nitric acid and in its
industrial applications. Type 304L stainless steel is the
most widely used and is capable of handling nitric acid
over a wide range of temperatures and concentrations
up to about 60% at the atmospheric boiling point. For
more severe conditions, special nitric acid grades of
Types 304L and 310L containing low carbon and non-
metallic residual elements have been developed for even
greater resistance to intergranular corrosion at heat-af-
fected zones near welds.

Several nickel iron-nickel-chromium alloys are used
in nitric acid under extreme conditions, in mixed acids,
or in contaminated nitric acid where stainless steels are
inadequate.

Figure 5 is a summary chart to serve as a guide for
alloy selection.

Readers seeking more information on any of the sub-
jects covered by this article should refer to the
Bibliography.
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Figure 5 Nitric acid selection guide.
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