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A. DEFINITION OF DUPLEX STAINLESS STEEL

Duplex is a common definition for many dual-phase material systems. Within the stainless steel
nomenclature, it can be strictly the definition for combinations of the structures, ferrite, austenite,
and martensite. However, in common use duplex stainless steels are defined as steels with an
austenitic-ferritic crystal structure, with at least 25 or 30% of the lesser phase. A balance of
austenite and ferrite stabilizing alloying elements achieves the mixed structure.

B. HISTORY

Bain and Griffiths [1] presented the first duplex stainless steel phase diagrams in 1927. They
presented austenitic-ferritic alloys with 22-30% Cr and 1.2-9.7% Ni. No property data were given
in this article. Other early austenitic-ferritic, duplex, stainless steels were developed in the early
1930s [2]. Molybdenum was introduced to improve the corrosion resistance. As with all stainless
steels at this time, the carbon content was high. Nevertheless, the duplex grades showed an improved
resistance to intergranular corrosion and had equal or better resistance to uniform corrosion than the
austenitic grades. The weldability and impact strength were adversely affected by the high carbon
content. Even though there were several applications where the duplex grades were successfully
used during the first decades of their existence [3], the real increase in usage came after the
development and the introduction of the 22% chromium duplex steel in the late 1970s. This duplex
grade, UNS S31803, and more lately modified and designated as UNS S32205, had a better corrosion
resistance than 316/316L and 317/317L. Its useful properties and relatively low cost have made this
grade very well known, used and produced worldwide. During the 1980s the number of duplex
grades increased rapidly. The types can be grouped into those higher and those lower alloyed than the
22%Cr grade.

C. METALLOGRAPHY

The chemical composition of the duplex grades is balanced to give good corrosion resistance and
the correct microstructure to obtain the desired mechanical and physical properties. The corrosion
resistance is, as for all stainless steels, a result of the content of chromium, molybdenum, and
nitrogen and also to some extent, in a few cases, copper and tungsten. Nickel is added in a sufficient
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FIGURE 1. Typical microstructure of a duplex stainless steel. The grains are elongated in the rolling direction.
(x 300 approx.)

amount to give the austenite-ferrite balance, although nickel also has a beneficial effect upon the
corrosion resistance in reducing acids, such as dilute sulfuric acid.

The austenite-ferrite balance, usually ~ 60:40 is achieved by the balance of austenite stabilizing
elements, mainly nickel and nitrogen, and ferrite stabilizing elements, mainly chromium and
molybdenum. The duplex microstructure can be described as a continuous ferritic matrix with
austenitic islands. Figure 1 shows a typical duplex microstructure. An overview of the metallurgy of
the duplex stainless steels has been presented in [4].

D. STEEL GRADES WITHIN THE DUPLEX FAMILY

There are several different stainless steel grades within the duplex family. Many of them are
relatively newly developed, and therefore, also protected by patents and produced by only a few
companies. However, the most common grades can be divided into three major groups; lean duplex,
duplex, and super duplex. Typical compositions are listed in Table 1.

The lean duplex stainless steels are generally similar to 316L in corrosion resistance. UNS
S32304, with no intentional molybdenum addition but a higher chromium content, is an example of
the lean duplex grades.

By far, the most commonly used duplex stainless steel is UNS S31803/EN 1.4462 with typically
22%Cr, 5.5%Ni, 3%Mo, and 0.14%N. This grade, developed in the 1970s, is today produced by a
number of producers and in all product forms throughout the world. As the benefits of high nitrogen
levels have become recognized, UNS S32205, a variation of the 22%Cr duplex, but with slightly
higher Cr, Mo, and N levels, has gained popularity. This specification established minimums of
22.0% Cr, 3.0% Mo, and 0.14% N to offset the common tendency of commercial stainless steels to
drift toward the low end of their specified composition ranges.



The most corrosion resistant duplex grades are called super duplex. Several similar but slightly
different grades of this kind are available. There is also a small group of duplex grades with a
resistance level between the so-called duplex and the super duplex.

E. MECHANICAL AND PHYSICAL PROPERTIES

The mechanical and physical properties are the major difference between the duplex stainless steels
and some of the more commonly used stainless steels. The mechanical strength is high compared
to austenitic or ferritic stainless steels, and the physical properties are different than for the better
known austenitic stainless grades.

1. Strength at Room Temperature

Relatively high room temperature strength is one of the most typical properties. The dual phase
matrix with very fine lamellae and the addition of nitrogen give the duplex grades very high
mechanical strength (see Table 2). Higher alloyed grades with high nitrogen content are the
strongest. The proof strength can be used to advantage for structural applications. Some examples of
thinner and lighter construction are given in Section H.

TABLE 2. Mechanical Properties According to ASTM A 240 and EN 10088 (MPa)

UNSNo.

S32304
S31803
S32550
S32760
S32750

ENNo.

1.4362
1.4462
1.4507
1.4501
1.4410

Proof /?po.2,(min)

ASTM

400
450
550
550
550

EN

400
460
490
530
530

Tensile /?m, (min)

ASTM

600
620
760
750
795

EN

630
640
690
730
730

Elongation A5, (min)

ASTM

25
25
15
25
15

EN

25
25
25
25
20

Hardness
HB (max)

290
293
302
270
310

TABLE 1. Typical Compositions of Some Duplex Stainless Steels

UNS No."

S32304
S31500

S31803
S32205
S32550

S32760
S32750

EN No.*

1.4362

1.4462
1.4462
1.4507

1.4501
1.4410

Cr

23
18.5

22
22.5
25.5

25
25

Ni

Lean Duplex

4.5
5

Duplex

5.5
5.5
6.5

Super Duplex

6.5
7

Mo

0.3
2.7

3.0
3.2
3.1

3.5
4.0

N

0.1
0.07

0.14
0.17
0.18

0.25
0.28

Other

Cu 1.6

Cu 0.7, W 0.7

a Unified Numbering System.
b European Norm (European Committee for Standardization, Brussels, Belgium).



TABLE 3. Design Values at Elevated Temperatures According to EN (MPa)

UNS No.

S32304
S3 1803
S32550
S32760
S32750

ENNo.

1.4362
1.4462
1.4507
1.4501
1.4410

/?po.2, (min)
10O0C

330
360
450
450
450

15O0C

300
335
420
420
420

20O0C

280
315
400
400
400

25O0C

265
300
380
380
380

2. Strength at Elevated Temperatures

Due to the risk of embrittlement, the duplex stainless steels should not be used in applications above
~ 30O0C. The maximum value depends on the grade and the design rules being used. Therefore,
design values, listed in Table 3, are available up to only that temperature.

During short-time exposures, the strength at higher temperature can be of interest. The high
strength of the duplex grades is maintained up to ~ 40O0C, but at higher temperatures they weaken
rapidly. In a comparison of the typical proof strength of a duplex grade, an austenitic stainless grade
and a carbon-manganese structural grade, the duplex is the strongest up to ~ 50O0C. (see Fig. 2).

3. Mechanical Properties at Subzero Temperatures

At low temperatures, the duplex grades lose impact strength. The more highly alloyed they are, the
more quickly they lose impact strength. Duplex welds are less tough than the base material.
However, the ductility is usually sufficient for most applications, except cryogenic. Some pressure
vessel rules (e.g., the German TiiV) limit the minimum temperature to — 40 to — 2O0C depending on
product form, dimensions, and steel grade. In the common offshore industry specification, Norsok

Rp02(MpB)

Temperature 0C

FIGURE 2. Proof strength (0.2) at elevated temperature of a duplex (S32304) and an austenitic (316L) stainless
steel compared to a C-Mn steel (St52-3).
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Standard Rev 2 [5], the Charpy V-notch requirement (three specimens) for duplex grades of a
thickness > 6 mm at — 460C is 45 J average and 35 J single, minimum.

4. Mechanical Properties under Cyclic Load

In addition to having high proof and tensile stresses, the duplex grades also have high fatigue
strength. The fatigue and fracture properties of duplex stainless steels have been described in [6]. In
many applications, the fatigue strength is of the utmost importance for the life of a structure. The
fatigue strength in combination with good corrosion resistance gives good resistance to corrosion
fatigue. Pulsating stress and rotating bend tests in air can show the pure fatigue stress (Table 4).

5. Physical Properties

Physical properties depend more on the microstructure than on the content of each alloying element.
Thus, the physical properties are the same for all duplex grades. The physical properties of duplex
stainless steel are closer to those of ferritic steels than to those of austenitic stainless steels.
Compared with austenitic stainless steels, duplex grades have a lower coefficient of thermal
expansion and higher thermal conductivity. The physical properties are summarized in Table 5.

6. Metallographic Phenomena

Embrittlement can occur after excessive time in critical temperature ranges. The embrittlement is
caused by the transformation of a phase or by precipitation of secondary phases.

TABLE 4. Fatigue Strength at 2 x 107 cycles"

Grade

S30453
S3 1653
S31803

S3 1600
S31500
S3 1803

S31603
S32304

RpO.2

295
295
495

440
375
470

235
460

^m VD

Rotating bend test at 4OPC

640 ±315
645 ±300
730 ±450

Pulsating tensile stress at 2GPC

620 215 ±215
725 250 ±250
700 250 ±240

Reverse Bending Test at 2GPC

555 241
695 446

Frequency (Hz)

100
100
100

37
37
50

"See [7].

TABLE 5. Physical Properties of Duplex Stainless Steels According to EN 10088

Property

Density
Modulus of elasticity
Mean coefficient of

thermal expansion
between 2O0C and T

Thermal conductivity
Specific thermal capacity
Electrical resistivity

2O0C

7.8
200

15
500

0.8

10O0C

194

13.0

20O0C

186

13.5

30O0C

180

14.0

Units

kg/dm3

kN/mm2

10~6/°C
W/mK
J/kgK
Q mm2/m



Agening time (hours)

FIGURE 3. The TTT-diagram showing the time and temperature which resulted in a Charpy V impact strength
less than 34 J/cm2 (27J full size specimen) for some duplex grades.

6.1. 475°C-Embrittlement Because the duplex grades are nearly 50% ferrite, they are susceptible
to embrittlement at temperatures ~ 4750C. The embrittlement is caused by a transformation of the
ferrite from oc-phase to oc'-phase in the temperature range, 375-50O0C. The degree of embrittlement
depends on the alloy composition and the time of exposure in the critical temperature range, (see
Fig. 3). Because of this risk of embrittlement, duplex grades are not recommended in equipment
with design temperatures above approximately 30O0C.

6.2. Sigma Phase Precipitation At a higher temperature range (600-90O0C), stainless steels with
high contents of chromium and molybdenum are susceptible to precipitation of sigma phase. Sigma
phase is a brittle phase, with high content of Cr and Mo, which adversely affects the mechanical
properties as well as the corrosion resistance. The higher alloyed duplex grades are more suscepti-
ble to this kind of precipitation, (see Figure 3). The effects of sigma phase precipitation are much
more severe than that of 4750C -embrittlement, and they occur so rapidly that they must be
considered on cooling after processing, heat treatment, or welding.

F. CORROSION RESISTANCE

Stainless steel corrosion can be described as a two-step process: initiation and propagation. Resist-
ance to the initiation, which is the breakdown of the passive film, depends mainly on the content of
chromium and molybdenum. It is the resistance to the initiation of the corrosion that usually
determines if a stainless steel is resistant or not. The nickel content of a stainless steel influences
propagation, or the rate of which the corrosion attack grows in depth. The low nickel content of the
duplex grades can be a disadvantage compared to the austenitic grades, when exposed to media
causing uniform corrosion.

The corrosion resistance of the duplex grades is generally very good. Also, the leanest alloyed
duplex grades (e.g., S32304) have a corrosion resistance in the same range as that of the
molybdenum-alloyed austenitic stainless grades of the 316 type. The resistance is especially good in
environments where the high levels of chromium and nitrogen are beneficial. Examples of such
environments are halide-containing media, oxidizing acids, and hot alkaline solutions.

Temperature (0C)

Impact strength



H2SO4 - Weight -%

FIGURE 4. Iso-corrosion diagram in naturally aerated sulfuric acid of chemical purity. The lines represent 0.1-
mm corrosion per year. The broken line curve represents the boiling temperature.

1. Resistance in Acids

If a stainless steel is not resistant to an acid, uniform corrosion occurs. The resistance to this uniform
attack can be described in iso-corrosion diagrams. Stainless steel producers often publish iso-
corrosion diagrams in data sheets or in handbooks [8]. Diagrams comparing duplex and austenitic
stainless steels are shown below. Further information can be found in the stainless steel producers'
publications.

Ll. Sulfuric Acid In pure dilute sulfuric acid, the chromium content is very important. Tests
have shown that the best corrosion resistance is demonstrated by grades containing 23-25%
chromium — usually duplex grades. At higher acid concentrations increased levels of nickel and
copper are beneficial. Accordingly, austenitic grades usually show better performance in the
medium and high acid concentrations (see Fig. 4).

Sulfuric acid is often contaminated by chlorides. The introduction of 2000 ppm chlorides reduces
the temperature at which each grade shows a corrosion rate of < 0.1 mm/year, as shown in Figure 5.

1.2. Phosphoric Acid Pure phosphoric acid is very different than the more common wet process
phosphoric acid, WPA. The WPAs containing impurities such as chlorides, fluorides, iron, and
aluminum are usually the most aggressive. Duplex 22Cr has shown to be an excellent grade in many
of these complicated acids.

The 22Cr duplex is often used in marine chemical tankers and one of the reasons is the good
resistance in WPAs with varying levels of contamination. Figure 6 shows the resistance of some
duplex and some high-alloy austenitic stainless grades in some typical WPAs.

1.3. Nitric Acid Nitric acid is strongly oxidizing at all concentrations. The high chromium
content of S32304 makes this steel as resistant as Type 304. Duplex grades with molybdenum are
less useful in nitric acid

Temperature, (0C)



H2SO4 - Weight -%+2000ppm Cl-

FIGURE 5. Iso-corrosion diagram in sulfuric acid with an addition of 2000 ppm chlorides. The lines represent
0.1-mm corrosion per year. The broken line curve represents the boiling temperature.

1.4. Organic Acids In general, duplex grades have good resistance in organic acids. The iso-
corrosion diagram in Figure 7 shows the resistance in formic acid.

2. Resistance in Alkaline Solutions

Alkaline solutions at moderate temperatures are not aggressive to stainless steels in general. Hot
alkaline solutions can, however, cause uniform corrosion. The duplex grades, because of their high
chromium content, have relatively good resistance in alkaline solutions.

FIGURE 6. The critical temperature causing 0.127 mm/year (5 mpy) uniform corrosion in wet process
phosphoric acids of different compositions.

0C

85%

83%+2%HF
75%+0.2Cl+0.5%F+AH-Fe

75%+0.021+2.0%F+Al+Fe

S32304 S3 1803 S32750 N08904 S31254

Temperature, (0C)



HCOOH, weight-%
FIGURE 7. Iso-corrosion diagram in formic acid. The lines represent 0.1 -mm corrosion per year. The broken
line curve represents the boiling temperature.

3. The MTI Test Program

The resistance to uniform corrosion can also be evaluated using the method and environments
prescribed by the Materials Technology Institute of Chemical Process Industries (MTI). The
corrosion testing is carried out as weight loss measurements over a test period of 96 h. The tests
are performed until the critical temperature, which is defined as the lowest temperature at which
the corrosion rate exceeds 0.127 mm/year (5 mpy), is determined. The interval between test
temperatures is 50C. The critical temperatures for some duplex grades and some high alloy austenitic
grades are shown in Table 6 [9].

TABLE 6. Lowest Temperature, 0C, at which the Corrosion Rate Exceeds 0.127 mm/year (5 mpy)

Solution

1% Hydrochloric acid (HCl)
1% HCl + 0.3% FeCl3
10% Sulfuric acid (H2SO4)
60% H2SO4 + Nitrogen (N2)-bubbling
96.4% H2SO4

85% Phosphoric acid (H3PO4)
83% H3PO4 + 2% Hydrofluoric acid (HF)
80% Acetic acid (CH3COOH)
50% CH3COOH + 50% Acetic

anhydride [(CH3CO)2O]
50% Formic acid (HCOOH)
50% Sodium hydroxide (NaOH)

S32304

55
20
65
< 15
15
95
35
>106
90

15
95

S31803/
S32205

85
30-40
60
< 15
25
90
50
>106
100

90
90

S32750

> 100
95
75
<15
30
95
60
>106
110

90
110

N08904

50
50-60
60
85
35
120
120
>106
> 126

100
140

S3 1254

70
60-95
60
40
20
110
90
>106
> 126

100
115

Temperature, (0C)



4. Resistance in Halide-Containing Solutions

The most common halide-containing solution is the very common medium, water. Water contains
chlorides that can destroy passivity of the stainless steel locally and cause pitting corrosion or crevice
corrosion (see Chapter 10). The usually very high chromium content of the duplex steels, and the
nitrogen and molybdenum alloying additions, provide good resistance in these media. A common
tool for ranking resistance to initiation of pitting is the Pitting Resistance Equivalent (PRE) formula.
There are several different empirical formulas;* one of the most commonly used for duplex stainless
steels was defined by Truman [1O].

PRE = %Cr + 3.3 x %Mo + 16 x %N

Values of PRE are listed in Table 7.
However, this formula ranks the resistance based on the bulk composition of the steel. The

surface condition, internal cleanliness, heat treatment, and other factors strongly influence corrosion
resistance of stainless steels. A more precise approach is to measure experimentally the resistance of
a particular sample in halide-containing media to determine the critical pitting temperature (CPT) or
the critical crevice corrosion temperature (CCT) in a defined environment.

Table 8 shows some typical intervals of CPT and CCT in the common testing solution 6% FeCl3
(ASTM G48) and in 1 M NaCl (ASTM Gl 50). The corrosion resistance of duplex and in particular
super duplex stainless steels has been described elsewhere [U].

5. Corrosion under Mechanical Loading

The environment and the mechanical stresses on or within a stainless steel can cooperate to cause
failures in situations where there would not have been any problems in air. The typical corrosion
types are stress corrosion cracking (SCC) and corrosion fatigue.

TABLE 8. Critical Temperatures in some Pitting and Crevice Corrosion Tests

UNSNo.

S3 1603
S32304
S31803/S32205
S32750

EN

1.4436
1 .4362
1.4462
1.4410

CPT in
6% FeCl3

(0C)

10-25
15-20
35-42.5
67.5-80

CCT in
6% FeCl3

(0C)

2.5
2.5
22.5-25
42.5

CPT in
IM NaCl

(0C)

15-35
17.5-22.5
50-55
87.5-97.5

* The PRE is a relationship derived by statistical regression of the critical pitting temperature as a function of the composition of
balanced, fully annealed stainless steels. The Cr, Mo, and N are not truly independent variables and are not mutually
substitutable. The PRE may be used to rank performance of grades, but differences of 2 or less are unlikely to be significant.

TABLE 7. Pre Values for some Duplex Steel Grades

S32304
S31500

S31803
S32205
S32550

S32760
S32750

Lean duplex Grades PRE < 30

Duplex Grades PRE 30-40

Super duplex grades PRE > 40

26
29

34
36
39

41
43



5./. Stress Corrosion Cracking Stress corrosion cracking can occur under the simultaneous
influence of a critical environment and tensile stresses in the material. The tensile stresses can be
residual stresses from the fabrication of a component, that is, welding, forming, or stresses from the
structure. There are two typical environments where this might happen. The most common is warm
chloride-containing media and the other is in hot alkaline solutions. The duplex stainless steels have
all comparably good resistance to SCC. Compared to the corresponding austenitic grades, they can
be used in a wide range of applications with minimal risk.

Different methods are used to measure and rank the resistance of stainless steel grades to
chloride-induced SCC. The ranking depends on the method used. The resistance can be evaluated by
laboratory corrosion tests, for example, the drop evaporation test (DET). In this test, a uniaxially
stressed specimen is electrically heated to 20O0C and then exposed to a dripping, dilute sodium
chloride solution. The dripping rate is adjusted to let one drop evaporate before the sample is hit
by the next drop. The specimen temperature is ~ 10O0C due to the cooling effect from the sodium
chloride solution. The time to failure is measured at different stress levels related to the actual proof
strength at 20O0C. The threshold values, as the stress level that leads to failure after 50Oh of testing,
are determined. Figure 8 shows the threshold values for some grades. The duplex grades show a far
better performance than the austenitic steels with similar pitting and crevice corrosion resistance
although austenitic grades with high nickel content show even better resistance.

5.2. Corrosion Fatigue The combination of good fatigue strength and, in general, good corrosion
resistance results in very good resistance to corrosion fatigue. The resistance to corrosion fatigue
can be measured by the same tests as for pure fatigue strength (see Table 4), but with the sample
exposed to a corrosive medium. The fatigue strength measured in a corrosive medium will be lower
than that measured in air. A lower test frequency will increase the effect of the corrosive medium
and reduce the effect of the mechanical properties.

FIGURE 8. Threshold values for the stress level related to the actual /?p0.2 (at 20O0C) causing SCC failure after
500 h as determined with the drop evaporation test. The shadowed part of the S32304 bar indicates a wide spread
in test results.

304 316 S32304 S31803 S32750 N08904 S31254



% Cold deformation

FIGURE 9. Mechanical properties of S31803 after cold stretching.

G. FABRICATION

1. Formability

The formability of the duplex stainless steels depends on the mechanical property profile. Duplex
stainless steels can be cold formed by the same methods as austenitic stainless steels. The higher
strength of duplex grades, that is, deformation resistance, means that a higher initial force is required
before the steel starts to yield. When this initial force is reached the material yields without a yield
point. Duplex steels strengthen or work harden due to deformation almost as rapidly as the austenitic
grades. The UNS S31803 deformation hardens in accordance with Figure 9.

The elongation is lower than that of the standard austenitic stainless steels. As a consequence,
forming operations, such as deep drawing, stretch forming and cold spinning, are more difficult, in
the sense of higher strength and the need for more frequent intervening anneals, to perform with
duplex steels than with austenitic steels. The forming properties of duplex stainless steel have been
described elsewhere [12].

Due to the high yield stress of annealed material leading to large elastic deformation of the duplex
grades, there is an effect of springback after forming operations such as bending.

The strain and the level of cold deformation due to bending depend on the combination of sheet
thickness and bending radius. Minimum bending radius accepted is accordingly defined by the
maximum strain accepted. The strain at the inner and outer side of the bend is given by the formula
below.

__ _ 1
*-~'*-(2xfl + l

where £a = strain at inner surface
eb = strain at outer surface

rlh — radius/thickness

Because the minimum elongation, A5, of the duplex grades is ~ 25%, the radius/thickness ratio
should be not < 1.5.



FIGURE 10. Relative machinability of duplex grades in relation to AISI 316 (S31600). The index gives an
approximate estimate of the machinability and is based upon combined evaluation of data from various
machining operations. The index increases with increased machinability.

2. Machining

In general, duplex steels are somewhat more difficult to machine than the conventional austenitic
grades, such as AISI 316. The machinability of duplex grades in relation to other stainless steels can
be described by a machinability index, as in Figure 10. Duplex grades have a different property
profile than highly alloyed austenitic stainless steels. The relative reduction in machinability for the
duplex stainless steels is greater for cemented carbide tools than it is for high speed steel tools,
especially for the duplex grades with higher molybdenum and nitrogen contents. The machining
index is the result of combining data from several operations. It cannot be strictly applied to a
particular application without considering variations in machinery, tooling, lubrication, and
operations.

H. APPLICATIONS

1. General Use

There are duplex grades with different levels of corrosion resistance—levels that are similar to those
of the better-known austenitic grades. The corrosion resistance can, in very general terms, be
described as

Lean duplex (e.g., S32304) =* Type 316 (S31600)
Duplex (e.g., S31803) =» Type 317 (S31700) and to some extent also N08904
Super duplex (e.g., S32750) => 6 Mo austenitics (e.g., S31254, N08926, N08367)

The most typical benefits of the duplex grades compared with other stainless steel types are

High resistance to chloride SCC.
High mechanical strength.
Lower thermal expansion than for the austenitic grades.
Good erosion and wear resistance.

These properties enable the use of duplex stainless steels in a wide range of applications and in a
wide range of industries. A few examples are discussed below.

Cemeted carbide tools High speed steel tools

Index

AISI 316 S32304 S31803/S32205 S32750



2. Pressure Vessels

One of the important characteristics of the duplex stainless grades is their good mechanical
properties. The higher mechanical strength compared to austenitic stainless steels can be used in
applications where the strength is controlling. In general, higher design values result in thinner wall
sections. How much the mechanical strength can be used is limited by the different pressure vessel
codes. Different parts of the world use different rules. As a rule of thumb, the reductions in wall
thickness by using a duplex grade instead of an austenitic grade like AISI316 will be 25-50%. This
can often make the duplex grades not only an upgrade in corrosion resistance but also more
economical when all aspects of design are considered.

One example of a pressure vessel in which duplex grades are being increasingly used is digesters
in the pulp and paper industry. Duplex grades are used for batch digesters, see Figure 11 [13], that
usually have a volume of 200-350 m3, as well as for continuous digesters of a size up to 1600 m3.
Typical design conditions are 15-bar pressure and 20O0C. The required wall thickness varies for
different pressure vessel codes. In Table 9, the dimensions are given according to ASME Section
VIII Div 1 and TKN-87 [14]. Previously, these vessels were constructed of carbon steel with stainless
steel overlay on the inside. The duplex grades permit more aggressive pulp digestion chemistries,
and the duplex stainless digesters have a lower total life cycle cost through reduced maintenance
requirements.

3. Storage Tanks

In unpressurized storage tanks of all kinds, the high mechanical strength of the duplex grades can
often be used to reduce the wall thickness. The reductions can be up to 30%, with the reductions
being more significant for larger tanks where wind load and stiffness are not the ruling criteria.

One example of successful usage of duplex stainless steel is the storage tank for phosphoric acid
illustrated in Figure 12 [12]. Storage tanks for wet processed phosphoric acid are traditionally
fabricated in 316L or sometimes in 317L. The more than double strength of the duplex grade S31803

FIGURE 11. Kraft pulp digester made of UNS S31803.



TABLE 9. Wall Thickness in the Lower Part of the Cylindrical Section of a Digester Calculated
According to ASME Section VIII Division 1 and TKN-87

Steel Grade
(ASTM/SS)

Carbon steel0 (A516: 70/1432)
Austenitic stainless steel (304/2333)
Clad steel (A516: 70/1432+3 mm 304/2333)
Clad steel (A516: 70/1432+3 mm S31803/2377)
Duplex stainless steel (S32304/2327) *
Duplex stainless steel (S3 1803/2377) b

Wall Thickness (in mm) Required According To

ASME VIII-I

31
25
24
23
21
19

TKN-87

30
28
22
20
17
15

a Including 8-mm corrosion allowance.
b Stiffeners for vacuum required.

has resulted in considerable weight reductions. The tank in Figure 1 1 has the following dimensions:
Diameter 13 m, Height 12 m, Volume 1590 m3.

Wall thickness from bottom to top: 9, 7, 6, 5, and 4 mm.

Stainless steel weight of the walls in a duplex tank: 22,300 kg.

The weight of a corresponding tank in 316L would be 33,900 kg.
In addition to the lower weight of the duplex steel, it is also far more corrosion resistant to

phosphoric acid than is 316L.

FIGURE 12. Phosphoric acid storage tank made in duplex stainless steel S31803.



4. Pipes and Tubes

The use of duplex grades in shell and tube heat exchangers is increasing rapidly. Good resistance to
SCC and lower thermal expansion relative to the austenitic stainless grades offer a superior
performance in tubular heat exchangers. The lower coefficient of thermal expansion can sometimes
be used to eliminate expansion bellows and floating heads, resulting in additional cost savings. The
good erosion resistance of the duplex grades makes them useful for all systems containing erosive
particles, such as water contaminated with sand. The mechanical strength makes the duplex grades
very cost effective for high-pressure piping.
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