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Abstract 

Over the past two decades, the ammonia and urea industry have witnessed spectacular metallurgical      
developments for process equipment. For example, stainless steels, modified with special materials,  
can improve high temperature creep rupture resistance. Using duplex stainless steels and modern  
corrosion abatement techniques are other methods that improve plant-operating performance. 
Materials plays very important role in any industry. Selection of material is vital at design stage itself. 
Wrong selection of material may lead to catastrophic failures and outage of plants & even loss of human 
lives; right selection of material leads to long life of plant. Over the past two decades, the  ammonia 
and urea industry have witnessed spectacular metallurgical developments for process equipment. For 
example, stainless steels, modified with special materials, can improve high temperature creep rupture 
resistance. Using duplex stainless steels and modern corrosion abatement techniques are other 
methods that improve plant-operating performance. The actual reactor has   been constructed using a 
variety of materials over the years that can resist ammonium carbamate corrosion. In the  latest plants 
specialty duplex steels, such as Sandvik’s Safurex, have greatly improved the resistance to ammonium 
carbamate  corrosion. Fertilizer  plants  employ various corrosive, hazardous and abrasive fluids and 
chemicals. The temperatures involved range from cryogenic (-33 oC) in ammonia storage to reactor 
pressure 1000 oC in reformer. The pressure is as high as 175- 350 kg/cm2 in ammonia converter and 
in urea plant reactor pressure 150-250 kg/cm2. Once equipment has been selected, the materials for 
its construction must  be established. Although a process engineer is not expected to be knowledgeable 
as a metallurgist, the engineer should have a general idea of what materials are compatible with the 
process. Therefore, this  topic  presents  some  general guidelines in the selection of material  for 
process equipment. In all ammonia and urea plants worldwide the problem of severe erosion and 
corrosion  of  high  pressure vessels  have  been  a common phenomenon. Duplex steels have also 
been adopted for piping, valves, etc. Since the advent of industrial urea processes based on the direct  
reaction  between  ammonia  and  carbon dioxide, designers and urea plant owners have had  to  deal  
with  the  problems  of  corrosion. Although  pure urea  solutions  are  not  very corrosive, ammonium 
carbamate (an intermediate in urea synthesis) is a highly corrosive liquid. For  example, carbon steel  
in contact with carbamate solutions will corrode at a rate of more than 900 mm/year. A corrosion- 
resistant layer made of a special type of stainless steel is therefore required to protect carbon steel 
pressure  vessel  walls  in  the  urea  synthesis section. In this paper all material used in ammonia and 
urea fertilizers covered. 
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of steel. The thermal expansion is also low due to the effect of nickel in stainless steel. Nickel 
does not prohibit corrosion and increases 
corrosion rate of stainless steel in active state at 
higher temperatures. 
Zirconium 
 Zirconium can keep the passivation even in a 
low to oxygen free environment. Zirconium 
lined bimetallic tubes are used in Snam plants 
for HP stripper. Nickel in stainless steel Nickel 
is one of the most widely used alloying 
constituents in the manufacture of alloy steels. 
One of its great values lies in its ability to 
produce alloys that have good low temperature 
toughness in the quenched and tempered 
condition. Nickel increases hardening capacity 
of steel. The thermal expansion is also low due 
to the effect of nickel in stainless steel. Nickel 
does not prohibit corrosion and increases 
corrosion rate of stainless steel in active state at 
higher temperatures. 
Role of temperature and other process 
parameters in corrosion 
Temperature is the most important technological 
factor in the behaviour of the steels employed in 
urea synthesis. An increase in temperature 
increases active corrosion, above a critical 
temperature it causes spontaneous activation of 
passive steel. The higher alloyed austenitic 
stainless steels (e.g., containing 25 wt % 
chromium, 22 wt % nickel and 2 wt % 
molybdenum) appear to be much less sensitive 
to this critical temperature than 316 L types of 
steel. U-55 Sometimes the NH3:CO2 ratio in 
synthesis solutions is claimed to have an 
influence on the corrosion rate of steels under 
urea synthesis conditions. Experiments have 
showed that under practical conditions this 
influence is not measurable because the steel 
retains passivity. Spontaneous activation did not 
occur. Only with electrochemical activation 
could 316L types of stainless steel be activated 
at intermediate NH3:CO2 ratios. At low and 
high ratios, 316L stainless steel could not be 
activated. The higher alloyed steel type 25Cr 

22Ni 2Mo showed stable passivity, irrespective 
of the NH3:CO2 ratio, even when activated 
electrochemically. These results depend on the 
specific temperature and oxygen content during 
the experiments. 
Corrosion due to urea dust 
 Urea prills and dust being hygroscopic absorb 
moisture and corrode concrete and steel 
structures badly. It is commonly seen that 
structures of urea plant are found badly eaten 
away where it is not properly protected. As for 
steel structures, they have to be painted with 
anticorrosive paints, as otherwise, they will be 
subjected to corrosion by moisture. All 
structures and open electrical installation that 
may come in contact with urea dust must be 
protected either by anticorrosive painting or by 
providing suitable cover.  
 Concrete Corrosion 
 The Induced draft fans on the top of prill tower 
are exhausting air with urea dust which settle 
down on the walls of prill tower or on 
equipment, piping, floors etc. mostly in urea 
plant. This urea dust settles down, goes into 
solution due to atmospheric humidity, will seep 
through the concrete and over exposure may 
reach even upto reinforcing rods. Once urea has 
seeped through, it is difficult to get rid of that, as 
any amount of washing cannot remove this. The 
urea solution will crystallise and nice mushroom 
like flowering of urea crystals on the surface will 
take place. The urea reacts with concrete 
resulting in lime precipitation. This applies to all 
the concrete surfaces in the urea plant where 
urea dust can penetrate. To avoid spalling of the 
concrete and to protect reinforcements, 
prevention in the form of good paint is the best 
solution rather than the care of doing the same, 
once the attack has commenced. 
Corrosion prevention and material selection  
Corrosion resistance is not the only factor 
determining the choice of construction materials. 
Other factors such as mechanical properties, 
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workability, and weldability as well as 
economics considerations such as price, 
availability and delivery time also deserve 

attention. Stainless steels that have found wide 
use are 

the austenitic grades AISI 316L and 317L. Like 
all chromium containing stainless steels, AISI 
316L and 317L are not resistant to the action of 
sulfides. Hence it is imperative in plants using 
the 316L and 317L grades in combination with 
CO2 derived from sulphur containing gas, to 
purify this gas or the CO2 thoroughly. In 
stripping processes, the process conditions in the 
high pressure stripper are most severe with 
respect to corrosion. In Stamicarbon CO2 
stripping process, a higher alloyed, but still fully 
austenitic stainless steel (25Cr 22Ni 2Mo) was 
chosen as construction material for the stripper 
tubes. The choice ensures better corrosion 
resistance than 316L or 317L types of material 
but still maintains the advantages of workability, 
weldability, reparability and the cheaper price of 
stainless steel type materials. In the ACES 
process, duplex alloys (ferritic austenitic) are 
used as construction material for the stripper 
tubes. In the Snamprogetti stripping process, 
titanium is chosen for this critical application, 

although mechanically bonded bimetallic (25Cr 
22Ni 2Mo) zirconium tubes have been 
introduced for improving corrosion resistance 
and reducing cost. For further improvement, 
Snamprogetti together with Allegheny 
Technologies Incorporated (ATI), Wah Chang, 
USA has designed a new HP Stripper using the 
Titanium and Zirconium bimetallic tubes that are 
manufactured with a special process of extrusion 
bonding and known as Omega Bond Stripper.  
Inner - Zirconium lining : 0.7 mm thick 
Outer – Titanium : 2.7 mm thick 
Hot Extrusion bonded tubes : Formation of 
metallurgical bonds between the interfaces of 
Titanium and Zirconium metals. 
The new tubing solution utilizes solid state 
joining technology where the interface between 
the two metals never reaches molten states. 
Hence, no alloy is formed in a joint that has 
virtually no diffusion zone, no inter-metallic 
compounds, and no alloying. Likewise, the heat 
affected zone is negligible. 

 
Fig-53 
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Fig-54 

Duplex stainless steel  
Key advantages of Omega Bond, Extrusion 
bonding 

1.  Very good corrosion and erosion 
resistance.   

2. Eliminates the possibility of seepage 
between liner and tube.  

3. De-bonding concerns minimized due to 
the metallurgical bond   

4. Expected life about 25 years. Lower life 
cycle cost.   

5. Tube bottom temperature about 210 - 
212 °C. More decomposition in stripper 
and  

6. Lesser load on the downstream 
equipment Eliminate/reduce the 
passivation air.  

7. Tubes can be welded, formed, bent even 
crushed or flattened, without damage to 
the bond layer. 

 “DULEX steel is characterized by a 
microstructure containing both Ferrite phase 
with a BCC crystallographic structure and an 
Austenitic phase with a FCC structure.” 

• The Ferritic phase is normally 40-60%, 
mainly introduced in the wrought alloys 
by a careful balance of the critical 
alloying elements. 

• Mixture of Austenite & Ferrite 

• Higher strength& better resistance to 
Chlorides 

• Cr: 18-27%, Ni: 4-7%, Mo: 2-4%   
• BCC.-Body centered cubic “High 

strength low ductility.” 
• e.g.-Ferrite(α-iron),Cr,V,Mo,W etc. 
• FCC-(Body centered cubic).  “Low 

strength high ductility.” 
• e.g. Austenite( γ-

iron),Al,Cu,Pb,Ag,Au,Ni,Pt etc. 
Advantages of Duplex Stainless Steel 

• Good resistance to “chloride stress 
corrosion cracking.”(CSCC). 

• The duplex stainless steel also offers 
resistance to general and pitting 
corrosion. 

• Good resistance to erosion and abrasion. 
• There are numerous cases where plant 

equipment properly fabricated from 
duplex SS has operated with full 
immunity in chloride containing 
environment where types 304,304L, 
316,316Lhave failed due to stress 
corrosion cracking.  
NEW DEVELOPMENT IN DUPLEX 

• First generation duplex.- 
The first generation duplex containing.- 
Cr-25 %., Ni-5 %, andMo-1.5 %    and 
Nitrogen ---Nil 
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There is no Nitrogen. Because Carbon 
Content up to 0.2%.There is a 
considerable loss in corrosion resistance 
during welding Therefore, a post weld 
heat treatment is required to assure good 
prosperities. 
SECOND GENRATION DUPLEX 
The second generation duplexes have 
low carbon levels, assuring resistance to 
irregular attack (IGA) the nitrogen 
contents are usually more than 0.1%.in 
addition to improving pitting and 
crevice corrosion. 
Cr. -25 %, Ni.—5 %, Mo.-1.5 %.N- 
0.1%. 
THIRD GENERATION DUPLEX 

• The third generation duplex contains 
about 0.2% copper.Cr.-25 % Ni.-4.0 % 
Mo-Nil. Cu.-0.2% 

• “A third generation developed in 
SWEDON, has recently been introduced 
Alloy 2304.” and SAFUREX. 

• HVD-1 is also 3rd generation Duplex 
S.S. and developed by 
Snampogetti(Italy). 
 

As an attractive alternative to austenitic stainless 
steel the use of duplex stainless steel in the 
chemical industry is being experimented over 
the past few years. They are now used not only 
in chloride environment, where they are more 
resistant to SCC than austenitic stainless steel, 
but also in a wide variety of other demanding 
applications. 
Due to the frequent tube failure, SS 304L tubes 
can be replaced with Sandvik duplex tubes 
(SAF2205) in all inter stage coolers of CO2 
Centrifugal Compressor . It was experienced that 
the tubes were failing due to stress corrosion 
cracking in the presence of high CO2 gas 
temperature (tube side) and chloride presence in 
cooling water (shell side). Sandvik SAF 2205 is 
a duplex (austenitic-ferritic) stainless steel 
material. Advantages of Sandvik duplex material 
(SAF 2205) over 304L / 316L are as follows.  

1. High resistance to stress corrosion cracking in 
chloride-bearing environments and 

2. In environments containing hydrogen sulphide.  
high resistance to general corrosion, pitting and 
crevice corrosion. 

3. High resistance to erosion corrosion and 
corrosion fatigue. 

Typical chemical composition of SAF 2205, 304L & 316L is given below. 
S.No. Grade Cr Ni Mo N PRE Microstructure 

1 2RE 60(UG) 18.5 4.9 2.7 0.07 28 Duplex 
2 

SAF 2304 23 4.5 - 0.1 24 Duplex 
3 

SAF 2205 22 5.5 3.2 0.18 35 Duplex 
4 

SAF 2507 25 7 4 0.3 43 Duplex 
5 

AISI 304L 18.5 10 - - 18 Austenitic 
6 

AISI 316L 17.5 13 2.1 - 24 Austenitic 
7 

Sanicro 28 27 31 3.5 - 38 Austenitic 
Table-16 
In oxygen free carbamate solutions, duplex has 
proved to be more corrosion resistant than much 
more costly materials such as titanium and high-
nickel alloys. In the high pressure synthesis 
section of urea plants, duplex is an excellent 
alternative to traditional urea grades such as type 

AISI 316 L UG and X2CrNiMoN 25 22 2. 
These are particularly prone to SCC on the 
steam side of heat exchangers when the boiler 
feed water is contaminated with chlorides. 
Fabrication of high pressure vessels in duplex is 
not 
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without difficulty, how ever. Also, the duplex 
must meet particular quality requirements to 
ensure proper performance in carbamate 
environments. 
SAFUREX 
 Safurex is jointly developed by SANDVIK & 
STAMICARBON and designated Safurex can 
allow lower Oxygen content for 
passivation.Safurex has become a well 
established material in the Urea world and has 
contributed to the improved design, maintenance 
and operation of urea plants in many countries. 
Numbers of H.P. stripper in Stamicarbon plant 
have been replaced by Safurex. Stamicarbon 
material specified by Stamicarbon is as under. 

1. Lower gas emission due to reduced O2 intake in 
HP section.  

2. Lower corrosion rates, leading to higher 
equipment lifetime.   

3. No risk for active corrosion.   
4. No risk for condensation corrosion, crevice 

corrosion, stresses corrosion cracking. 
5. (SCC), erosion corrosion.  Better mechanical 

properties, allowing smaller tube and piping wall 
thicknesses. 

6. A key advantage of the application of 
SAFUREX is reduced oxygen intake in the high 
pressure synthesis section. Consequently the air 
injection rate can be lowered and the volume of 
inert gas needs to be purged from the process is 
reduced. Hence saving of energy and reduced 
ammonia loss, 
UREA REACTOR PRESSURE VESSEL 
Urea reactor Pressure vessels are leak proof 
containers which contain media under pressure and 
temperature. The term pressure vessel referred to 
those reservoirs or containers, which are subjected to 
internal pressure with liner and shell. For higher 
operating pressures and higher temperature, new 
technologies have been developed to handle the 
present day specialized requirements. Multilayer 
Pressure Vessels have extended the art of pressure 
vessel construction and presented the process 
designer with a reliable piece of equipment useful in 
a wide range of operating conditions for the problems 
generated by the urea processes. 

Classification of Urea Reactor Pressure 
Vessel 

 
Fig-55(Classification of Pressure vessel) 

 
Sr.No Multi wall Vessel Coil Layer vessel Multi-layer vessel 

1 They are the proprietary 
construction of Struthers 
Wells Corporation, USA 

Required thickness is 
calculated as per solid wall 
construction formulas 
subsequently no. of layers 

Required thickness is calculated as 
per solid wall construction formulas 
subsequently no. of layers and their 
thickness is determined 
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and their thickness is 
determined 

2 Designed to various 
international codes.  

Unit cylinders consist of an 
Inner shells, steel hoop (3 – 
6 mm thick) coiled around 
the inner shell in volute and 
split outer shell of 6-to 12 
mm thickness. 

Inner shells of suitable material are 
used as per process requirement. 

3 Required thickness is 
calculated as per solid 
wall construction formulas 
subsequently no. of layers 
and their thickness is 
determined 

Uninformative priestess can 
be obtained by coiling of 
hoop around inner shell. 

Then thin plates of high T.S. are 
wrapped on outside of inner shell to 
obtain required thickness. 

4 Cylindrical shells are 
rolled to desired Dia and 
welded ( plates THK in 
the range of 1” to 25” 

Vent holes are provided in 
all layered sections except 
for inner shell lining.  

Vent holes are provided in all 
layered sections except for inner 
shell lining. 

Table-17 (Comparison of Pressure vessel) 
Nitric Acid manufacturing and Material 

of construction 
Process 
Manufacture of nitric acid by Ostwald’s 
process 
Principle :  

1. Catalytic oxidation of NH3 to NO: The 
Ostwald process converts ammonia to nitric 
acid and involves two steps. In step 1, 
ammonia is oxidized to form nitric oxide and 
also nitrogen dioxide. Then in step 2, the 
nitrogen dioxide that was formed is absorbed 
in water. This in-turn forms nitric acid.When 
ammonia is oxidized with oxygen in presence 
of catalyst platinum and rhodium in 9 : 1 ratio 
at about 8000C and 5 atmospheric pressure, 
nitric oxide is formed.Ammonia  is oxidized to 
form nitric oxide and also nitrogen dioxide. 
Then in step 2, the nitrogen dioxide that was 
formed is absorbed in water. This in-turn forms 
nitric acid.The Ostwald process has many 
well-known uses in both the industrial and 
health field. Through the Ostwald process, 
nitric acid is commonly used in fertilizers and 

pharmaceuticals, and because of its chemical 
reaction with some compounds, it is used in 
rocket fuel and explosives like trinitrotoluene 
(TNT). Step 1 - Primary oxidation (formation 
of nitric acid) Oxidation of ammonia is carried 
out in a catalyst chamber in which one part of 
ammonia and eight parts of oxygen by volume 
are introduced. The temperature of the 
chamber is about 600oC. This chamber 
contains a platinum gauze which serves as the 
catalyst.Oxidization of ammonia is a reversible 
and exothermic process. Therefore according 
to Le- chatelier’s principle, a decrease in 
temperature favors reaction in forwarding 
direction. In primary oxidization, 95 percent of 
ammonia is converted into nitric oxide (NO). 

NH3 + 5O2   ↔ 4NO + 6H2O ?H -24.8 
Kcal/mol 
step 2 - Secondary oxidation (formation of 
nitrogen dioxide)  
Nitric oxide gas obtained by the oxidation of 
ammonia is very hot. In order to reduce its 
temperature, it is passed through a heat 
exchanger where the temperature of nitric oxide 
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is reduced to 150oC. Nitric oxide 
is transferred to another oxidizing tower where 
at about 50oC it is oxidized to nitrogen dioxide 
(NO2). 
2NO + O2   ↔2 NO2  
Step 3 - Absorption of NO2 (formation of 
HNO3)  
Nitrogen dioxide from secondary oxidation 
chamber is introduced into a special absorption 
tower. NO2 gas passed through the tower and 
water is showered over it. By the absorption, 
nitric acid is obtained. 

    

Fig-56 

                                                                                                                                        
                                                                                                               Research Gate is an academic social networking site

This is an open access article, Research Gate is a European commercial social networking site for scientists and researchers.

 after cooling 
another oxidizing tower where 

C it is oxidized to nitrogen dioxide 

(formation of 

Nitrogen dioxide from secondary oxidation 
chamber is introduced into a special absorption 

s passed through the tower and 
water is showered over it. By the absorption, 

3NO2 + H2O -> 2HNO3 + NO
Nitric acid so obtained is very dilute. It is 
recycled in absorption tower so that more and 
more NO2 get absorbed. HNO
becomes about 68 percent concentrated.
Step 4 - Concentration  
In order to increase the concentration of HNO
vapors of HNO3 are passed over concentrated 
H2SO4. Being a dehydrating agent, 
H2SO4 absorbs water from HNO
concentrated HNO3 is obtained.
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+ NO 
Nitric acid so obtained is very dilute. It is 
recycled in absorption tower so that more and 

get absorbed. HNO3, after recycle, 
becomes about 68 percent concentrated. 

In order to increase the concentration of HNO3, 
are passed over concentrated 

. Being a dehydrating agent, 
absorbs water from HNO3 and 

ned. 
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Fig-57 

 
Fig-58 
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Fig-59 
Meeting corrosion challenges 
Nitric acid is an oxidizing acid at all 
concentrations. It attacks most metals. However, 
nitric acid has the power to push for the 
formation of passive films on passive metals, 
such as aluminum, chromium, and reactive 
metals. Nevertheless, nitric acid is a strong acid 
having the capability to dissolve the film and to 
disrupt the film formation process. The 
corrosion resistance of passive metals alloys in 
nitric acid depends on acid concentration and 
temperature. For example, dilute nitric acid is 
not oxidizing enough for aluminum but is ideal 
for stainless steels, and concentrated nitric acid 
is compatible with aluminum but is too 
oxidizing for stainless steels.The majority of the 
world's nitric acid is produced by the oxidation 
of ammonium in air. Ammonia is mixed with air 
over a platinum-based catalyst and converted to 
nitric oxide at 800 ° C to 950 ° C. The resulting 
nitric oxide is further oxidized into nitrogen 
dioxide. Nitric acid of up to 65% concentration 
is formed by the adsorption of nitrogen dioxide 
in water. During the high-temperature oxidation, 

corrosion of the plant materials is of secondary 
concern to the more important strength 
requirement. During and after condensation, 
corrosion consider ions become essential.Nitric 
acid of concentrations up to 99% requires 
additional processing to remove water. This 
involves the use of a dehydrating agent such as 
sulfuric acid or magnesium nitrate. Then, the 
mixed acid is separated by distillation and 
condensation processes. 
 
Corrosion occurs in virtually all engineering 
materials’ applications but more severe in some 
environments. Therefore, this study is focused 
on corrosion in nitric acid. It is used due to its 
high acidic concentration which results in high 
corrosive effect on contacting mediums. In this 
study, consideration is given to various 
corrosion mechanisms of passive metals in nitric 
acid. Corrosion processes in nitric acid is 
affected by a number of factors, some of which 
include welding, cold work, NO x gases, 
dissolved species, radiation, solution boiling, 
and heat transfer. Meanwhile, stainless steels, 
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titanium, and zirconium have been proved to 
withstand the corrosive effect of nitric acid. 
When these materials are subjected to testing in 
boiling with 65% nitric acid, the corrosive rate 
ranges between 0.001 and 5 mm year −1 . In 
addition, zirconium, niobium, hafnium, and 
tantalum are generally highly resistant to nitric 
acid corrosion. The ranking test and prediction 
of in-service corrosion rates are presented. It is 
believed that these findings are very useful in 
reducing corrosive attack by nitric acid on 
materials. 
The second largest commodity mineral acid, 
nitric acid (HNO3) is widely used in the 
manufacture of fertilizers and explosives. It is 
also a major constituent for pickling solutions 
used in stainless steels and nickel alloys 
production. 
. As a strong oxidising agent, nitric acid can be 
very corrosive depending on its concentration 
and temperature. Therefore, materials selected 
for the manufacture of its storage and handling 
equipment have to be readily available, easy to 
fabricate and most importantly corrosion 
resistant to HNO3 at a specific range of 
concentrations and temperatures. 
The following table shows suggested alloys for 
storage and handling equipment of HNO3 in 
various conditions. 
Molybdenum bearing grades such as 316/316L 
or duplex 2205 offer no additional advantage 
over 304L in pure acid. This is because the 
sigma formation and other molybdenum 

transitional phases, commonly associated to the 
alloys, are prone to HNO3 attack. However, 
subject to coupon testing, duplex and super 
duplex may become more suitable when it 
comes to mixed acid (HNO3+HF and 
HNO3+HCl) or acid containing metallic ions 
(pickling solution). 
The selection of materials of construction is an 
Important part of the development of a new 
chemical process. In many cases the selection 
depends mainly on the corrosion resistance of 
the material. A chemical process developed at 
the Savannah River Laboratory required a 
material that could resist corrosion by a mixture 
of nitric and hydrofluoric acids that contained 
several strong reducing agents 
 
 
When dealing with higher temperatures and 
concentrations of nitric acid, you may notice 
some corrosion problems in the hot inlet of the 
cooler/condenser or tailgas preheater. As shown 
in the diagram below, when nitrogen oxide 
(NOx) gases condense at temperatures of 120-
130°C and the hot droplets reboil, corrosion can 
be initiated. Re-tubing from 304 or 304L to a 
higher alloy material such as Sandvik 2RE10 
can prevent this and safeguard operations at 
about 20% higher temperature. This is due to the 
material’s low impurity levels and higher 
chromium content, which increases corrosion 
resistance. Corrosion challenges may occur in 
the inlet of shell and tube heat exchangers

 
Zirconium-level performance at an affordable 
price 
As described, corrosion in the re-boiling zone 
can easily decrease the efficiency and 
productivity of any shell and tube heat 
exchanger. The good news is that we will soon 
be able to offer you a truly superior solution to 
combat this: Sandvik bimetallic tube – with an 
inner tube made of zirconium, one of the most 
corrosion-resistant metals available. The inner 

tube is mechanically bonded to the outer tube, 
which is made of Sandvik 2RE10*. The inner 
liner prevents corrosion while the outer tube 
ensures structural integrity and positive welding 
properties. The bimetallic tube will also enable 
the use of a stainless steel tube plate or even re-
tubing of an entire stainless steel heat exchanger. 
And since welding is purely stainless-to-
stainless, no post weld heat treatment will be 
necessary. 
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Note: If you require a bimetallic solution with an 
outer tube material other than Sandvik 2RE10, 
please get in touch with us. 
Corrosion performance of zirconium tube in 
nitric acid production 

 
Fig-61 
The beauty of a bimetallic tube is that you get all 
the benefits of pure zirconium in the inner wall, 
without its considerably higher price tag. You 
also gain the positive metallurgical properties of 
our well-proven Sandvik 2RE10* tube. The 
benefits of zirconium can be seen in the diagram 
below, which shows its tough corrosion 
resistance. In short, Sandvik will soon be able to 
offer you the best of two metallurgical worlds. 
Product development of this new bimetallic tube  
 
is ongoing and expected to be completed shortly. 
If this sounds interesting to you please contact us  
to receive further updates or more detailed 
information. 
Download the specification for bimetallic tubes: 
Sandvik 2RE10/ZR702. 
Solution-based performance 
Every production facility has its own challenges 
and requirements. What are yours? Our skilled 
R&D experts and technical sales force are 
always on hand to support you throughout the 
blueprint process of building or refurbishing. 
When specifying the right stainless steel for your 

designs, you need to balance the need to meet 
key criteria such as corrosion resistance, cost 
performance and mechanical properties. 
Replacement and maintenance costs for each 
material, including potential costly production 
losses due to shutdowns, need to 
be Extend your equipment lifetime 
For example, it will always cost more to replace 
ASTM 304L tubing twice versus using a 
“modified” ASTM 310L material like Sandvik 
2RE10 for long-term process performance. The 
diagram below shows how this material sustains 
or exceeds a minimal 0.1 mm/year corrosion rate 
at considerably higher temperatures than other 
grades – expanding its operational window. In 
short, this austenitic material is designed to last 
considerably longer. factored in. 
Sandvik 2RE10 offers 20% higher corrosion 
resistance at 60% concentration. 
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Conclusion 
Over the past two decades, the ammonia and 
urea industry have witnessed spectacular 
metallurgical developments for process 
equipment. For example, stainless steels, 
modified with special materials, can improve 
high-temperature creep rupture resistance. 
Using duplex stainless steels and modern 
corrosion abatement techniques are other 
methods that improve plant
performance.  
Large-scale fertilizer plants continue to be 
built worldwide to meet the growing fertilizer 
demand. A major factor contributin
achievement is the industry's success in 
combating corrosion. Adopting modern 
corrosion-abatement techniques and applying 
new generation/improved materials of 
construction effectively mitigate process 
corrosion factors. Materials science is 
an interdisciplinary field involving the 
properties of matter and its applications
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properties of matter and its applications to 

various areas of science and engineering. It 
includes elements of applied physics and 
chemistry, as well as chemical, mechanical, 
civil and electrical engineering.
science is also an important part of
engineering and failure analysis
investigating materials, products, structures or 
components, which fail or do not function as 
intended, causing personal injury or damage to 
property. Such investigations are key to 
understanding, for example, the causes of 
various aviation accidents and incidents.
issues arise over material selection and 
corrosion abatement in modern fertilizer 
plants. With developments of metallurgy, and 
usage of newer corrosio
techniques, it is possible to cost
and, more important, safely operate and 
maintain large-scale plants. Changes to the 
ammonia/urea processes have reduced harsh 
environments. New generation materials, such 
as, ceramics, are resistant to the rigors of 
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processing. Life-cycle analysis and costing are 
also gaining acceptability as the basis of 
material selection. 
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