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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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The equilibrium diagram for carbon in a basic 
18%Cr10%Ni alloy is shown in Fig. 7. At room 
temperature, very little carbon is soluble in 
austenite; even the 0.03% of L grades is mostly 
in a supersaturated solution. The absence of 
carbides in austenitic stainless is due to the slow 
diffusion of carbon and the even slower 
diffusion of chromium in austenite. At a carbon 
level of 0.06%, which is found in most 304, 
super saturation is reached below about 850 °C. 
Below this temperature, super
increases exponentially, while diffusion 
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The equilibrium diagram for carbon in a basic 
18%Cr10%Ni alloy is shown in Fig. 7. At room 
temperature, very little carbon is soluble in 
austenite; even the 0.03% of L grades is mostly 

supersaturated solution. The absence of 
carbides in austenitic stainless is due to the slow 
diffusion of carbon and the even slower 
diffusion of chromium in austenite. At a carbon 
level of 0.06%, which is found in most 304, 

w about 850 °C. 
Below this temperature, super saturation 
increases exponentially, while diffusion 

decreases exponentially. This results in 
precipitation rates that vary with temperature 
and carbon level as shown in Figure
these temperatures, grain boundary diffusion is 
much more rapid than bulk diffusion, and grain 
boundaries provide excellent nucleation sites, so 
precipitation occurs along grain boundaries. 
And, because carbon diffuses several orders of 
magnitude more rapidly than chromium, carbon 
diffuses to and combines with chromium 
essentially in situ, depleting the grain boundaries 
of chromium in solution. 
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Fig-25 
Duplex Stainless steel 
“A DULEX steel is characterized by a 
microstructure containing both Ferrit
with a BCC crystallographic structure and an 
Austenitic phase with a FCC structure.”
The Ferritic phase is normally 40-
introduced in the wrought alloys by a careful 
balance of the critical alloying elements.
strength better resistance to chlorides
Duplex steels though are not completely 
impervious to an attack by
carbamate. ... Zirconium is the 
best material for ammonium carbamate
expensive, hard-to-work-with, etc., so using 
zirconium, as a standard material of 
construction is not feasible. 
carbamate is produced by reacting ammonia and 
carbon dioxide at high pressures (up to
in a special reactor. The urea reactor is a reactor 
vessel inside a protective shell. Should there be a 
leak in the reactor, the shell can contain the 
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“A DULEX steel is characterized by a 
microstructure containing both Ferritic phase 
with a BCC crystallographic structure and an 
Austenitic phase with a FCC structure.” 

-60%, mainly 
introduced in the wrought alloys by a careful 
balance of the critical alloying elements. Higher 

chlorides. 
Duplex steels though are not completely 
impervious to an attack by ammonium 

. ... Zirconium is the 
ammonium carbamate but is 

with, etc., so using 
material of 

 Ammonium 
carbamate is produced by reacting ammonia and 
carbon dioxide at high pressures (up to 200 bar) 
in a special reactor. The urea reactor is a reactor 
vessel inside a protective shell. Should there be a 
leak in the reactor, the shell can contain the 

chemicals released long enough for an orderly 
plant shutdown. The space between the reactor 
skin and the shell is most often empty
employs various methods of detecting a leak 
ranging 
measurements to infrared analysis.
though are not completely impervious to an 
attack by ammonium carbamate. There are two 
circumstances where a different 
material, zirconium, is needed. Zirconium is the 
best material for ammonium carbamate but is 
expensive, hard-to-work-with, etc., so using 
zirconium, as a standard material of construction 
is not feasible. There are two instances in urea 
plants though where zirconium is the prudent 
choice.One key problem area is the urea stripper. 
In this device, carbon dioxide is used to “strip” 
unreacted ammonia from the effluent of the 
reactor. One key measurement in operating the 
urea stripper is the level in the vessel. The level 
is measured by reading the differential pressure 
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(DP) across the urea stripper. The high
and corrosive fluid in the stripper doesn’t allow 
where a thin diaphragm isolates the transmitter 
from the process. “Thin” is the problem.
metals have corrosion problems with ammonia 
carbamate. The thin pressure seal in the urea 
stripper level reading is a weak point. Reactor 
vessels, valves, etc. have enough material in 
contact with the ammonium carbamate to make 
some corrosion tolerable. 
Stress Corrosion Cracking 
A particular problem for the common austenitic 
grades (e.g. 304 and 316) is stress corrosion 
cracking (SCC). Like pitting corro
occurs in chloride environments, but
possible for SCC to take place with only traces 
of chlorides, so long as the temperature is over 
about 60°C, and so long as a tensile stress is 

Fig-26 
Advantages of Duplex S.S. 
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The high-pressure 
and corrosive fluid in the stripper doesn’t allow 

a direct connection to the differential pressure 
transmitter. Instead, we use diaph

where a thin diaphragm isolates the transmitter 
from the process. “Thin” is the problem. All 
metals have corrosion problems with ammonia 
carbamate. The thin pressure seal in the urea 
stripper level reading is a weak point. Reactor 

es, etc. have enough material in 
contact with the ammonium carbamate to make 

A particular problem for the common austenitic 
grades (e.g. 304 and 316) is stress corrosion 
cracking (SCC). Like pitting corrosion this 
occurs in chloride environments, but it is 
possible for SCC to take place with only traces 
of chlorides, so long as the temperature is over 
about 60°C, and so long as a tensile stress is 

present in the steel, which is very common. The 
ferritic grades are virtually immune
 from this form of attack, and the duplex grades 
are highly resistant. If SCC is likely to be a 
problem it would be prudent to specify a grade 
from these branches of the stainless family tree.
Practical experience of 41
Compressor intercooler in NFL, India) Tube 
leakage was found in 1997, due
Based on practical experience in combination 
with laboratory test a  stress corrosion cracking 
has been compiled to make to make selection 
easier .,following fig-26 
It shows that even a very small amount (a few 
ppm) of chloride may result in cracking of 
austenitic grade like 304L and 316L.
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Practical experience of 41-E-27(CO2 

ompressor intercooler in NFL, India) Tube 
, due to SCC. 

Based on practical experience in combination 
with laboratory test a  stress corrosion cracking 
has been compiled to make to make selection 

hat even a very small amount (a few 
ppm) of chloride may result in cracking of 
austenitic grade like 304L and 316L. 
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Good resistance to “chloride stress corrosion 
cracking.”(CSCC).The duplex stainless steel 
also offer 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 of Duplex 
First generation duplex.-The first generation 
duplex containing.- 
Cr-25 %. 
Ni-5 %, and 
Mo-1.5 %    and Nitrogen ---Nil 
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. 
2. Second Generation Duplex Stainless steel 

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%. 
3. Third generation Duplex stainless steel 
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(Saipem)(in EJ-1, HP 
Pressure ejector) 
Safurex (Stamicarbon) 
Safurex is jointly developed by SANDVIK & 
STAMICARBON and designated Safurex. can 
allow lower Oxygen content for passivation.  

Chemical composition of Duplex Stainless 
steel 

Grade Cr Ni Mo N PRE Microstructure 

2 Re 60(UG) 18.5 4.9 2.7 0.07 28 Duplex 

SAF 2304 23 4.5 - 0.1 24 Duplex 

SAF 2205 22 5.5 3.2 0.18 35 Duplex 

 25 4 7 0.3 43  
SAF2507      Duplex 
     18  
AISI 304L 18.5 10    Austenite 
      Austenite 
AISI 316L 17.5 13 2.1  24  
              Sanicro-28 27 31 3.5  38 Austenite 

Table-10 
How to Gauge Resistance to pitting 
The resistance of a particular grade of stainless 
steel to pitting and crevice corrosion is indicated 
by its Pitting Resistance Equivalent number or 
PRE, as shown in table. The PRE can be 
calculated from the composition as:  
 

 
PRE = %Cr + 3.3 %Mo + 16 %N 
PRE is also known as LCR-Localized Corrosion 
Resistance. 
Pitting Resistance Equivalent Number or 
PRE for  Various Grades 
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Sr. No. Grade Class PRE 

1 3CR12 Ferritic  11 

2 430 Ferritic  17 

3 303 Austenitic 18* 

4 304/L Austenitic 18 

5 316/L Austenitic 24 

6 2205 Duplex 34 

7 904L Austenitic 34 

8 S31254 Austenitic 43 

9 S32750 Duplex 43 
Table-11 
Ammonia Plant material of Construction 
Primary reformer. 
 Steam-hydrocarbon reforming, over nickel (Ni) 
catalyst, produces H2 and CO by an endothermic 
reaction. Tubular furnaces are typically used and 
are externally. 
fired at 25–35 bar and 780–850°C on the process 
side. The reformer tubes function under an 
external heat flux of 75,000 W/M2 and are 
subject to carburization, oxidation, overheating, 
stress corrosion cracking (SCC), suffixation and 
thermal cycling. Previously, SS 304, SS 310 and 
SS 347 were used as tube materials; however, 
these materials developed cracks that very 
frequently led to premature tube failures (Table 
1). In the mid- ’60s, HK 40 alloy (25Cr/20Ni) 
was developed and proved to be a good material 
for vertical reformer tubes. Consequently, plant 
capacities were extended to 2600 tpd with this 
tube material. Although this alloy had a design 
service life of 100,000 hrs, overheating 
considerably reduced tube life. A 55°C 
excursion above the design temperature could 
lower tube service life to 1.4 years. 
Overheating can be due to flame impingement, 
local hot spots, carbon formation or catalyst 

bands. Hence, meticulous temperature control by 
conscious burner adjustment is needed to 
achieve uniform tube-metal temperature. Yet, 
tube failure will still occur due to various 
reasons—longitudinal cracking from 
overheating; weld cracking from lower strength 
of the weld compared to the parent alloy and 
stresses from thermal cycling during startup, 
shutdown and mal operations. 
In the ’80s, HP (25Cr/35Ni) modified alloys 
were developed and used certain metals, such as, 
molybdenum, (Mo), niobium (Nb) or tungsten 
(W) (Table -12). These metals increased 
resistance to creep rupture and offered good 
ductility and weldability. With stronger alloys, 
wall thickness of tubes could be reduced. 
Thinner tube walls offered benefits such as using 
lighter tubes and tube supports, improved heat-
transfer, resistance to thermal cycling and 
increased production capacity. Thinner tubes 
reduced operating and maintenance costs, and 
also extended the service life of the reformer. 
Several plants worldwide were revamped with 
HP modified tubes in the primary reformers. In 
some cases, plant capacity rose by 30% after the 
retrofit. 

Sr. No. Furnace alloys, Composition, % 
 Designation Cr Ni C Si Mn Others 

1 HK=40 25 20 0.4 1.5 1.5  
2 HP25/35(mod) 25 35 0.4 1.5 1.5 Nb-1.5 
3 HP Micro 25 35 0.45 1.5 0.7 Nb,W  
4 Alloy 800 20 32 0.05 0.35 0.75 Al+Ti 0.7 
5 Alloy 800 H 20 32 0.1 0.5 0.75 Al+Ti 0.85 

Table-12 
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A more recent development is the HP micro 
alloys that are applied during casting with traces 
of titanium (Ti), zirconium (Zr) and rare earths. 
The micro alloys enhanced carburization 
resistance and improved high-temperature creep
rupture resistance (Fig. 27). For reformer outlet 
manifolds the normal metallurgy choice is a 
wrought type of Alloy 800 H. It has sufficient 

Fig-27 
Secondary reformer. 
 In this unit, air is added to the process stream at 
operating conditions of 28–30 bar and 957
1,025°C. The refractory-lined vessel has an 
outer shell of a low-alloy steel containing 0.5 
Mo. A typical phenomenon—metal dusti
occurs in the secondary reformer outlet sections. 
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A more recent development is the HP micro 
alloys that are applied during casting with traces 
of titanium (Ti), zirconium (Zr) and rare earths. 
The micro alloys enhanced carburization 

temperature creep-
reformer outlet 

manifolds the normal metallurgy choice is a 
wrought type of Alloy 800 H. It has sufficient 

ductility and thermal-stock resistance during 
start-up and shutdown. The cast version of Alloy 
800 H provides a cost-effectiv
material with a higher creep
low tendency for embrittlement and good 
ductility. Hot reformedgas-transfer lines are 
usually refractory lined with an interior of Alloy 
800 sheathing. 

In this unit, air is added to the process stream at 
30 bar and 957–

lined vessel has an 
alloy steel containing 0.5 

metal dusting—
occurs in the secondary reformer outlet sections. 

With hot gases containing higher CO content, 
strong carburizing reactions occur, and carbon 
will diffuse into the Fe-Cr
phenomenon can lead to local mechanical 
fracturing of surface layers
failures, by pitting. 
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stock resistance during 
up and shutdown. The cast version of Alloy 

effective, alternate 
material with a higher creep-rupture strength, 
low tendency for embrittlement and good 

transfer lines are 
usually refractory lined with an interior of Alloy 

 

With hot gases containing higher CO content, 
strong carburizing reactions occur, and carbon 

Cr-Ni alloy. This 
phenomenon can lead to local mechanical 

 and, subsequent 
failures, by pitting. 
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Material such as SS 304 and Alloy 800 are very 
much susceptible to metal dusting (Fig. 6) in the 
temperature range of 500–800°C. Besides 
temperature, carbon activity (ratio of CO/CO
the gas) and gas partial pressure also affect metal 
dusting. Severe attacks occur when the carbon 
activity is in the range of 3–10. Recalculating 
CO2 into the primary reformer along with 
feedstock can maintain a low CO/CO
avoid the severity of this attack. Other mitigation 
efforts are maintaining a high oxidizing potential 
of the gas (steam/hydrogen ratio) and properly 
controlling temperatures. 
Hydrogen embrittlement is another important 
corrosion problem that is encountered in 
reformed-gas pipelines. Usually, the piping 

Fig-28 
CO  Shift Conversion.  
The high-temperature converter, where CO in 
the gas stream is converted to CO2 
shift reaction, operates at 25–28-
and 350–450°C temperature. Usually, low
steel with 1Cr-0.5Mo is used as the material of 
CO2 Removal Unit 
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Material such as SS 304 and Alloy 800 are very 
much susceptible to metal dusting (Fig. 6) in the 

800°C. Besides 
temperature, carbon activity (ratio of CO/CO2 in 

ure also affect metal 
dusting. Severe attacks occur when the carbon 

10. Recalculating 
into the primary reformer along with 

feedstock can maintain a low CO/CO2 ratio and 
avoid the severity of this attack. Other mitigation 
fforts are maintaining a high oxidizing potential 

of the gas (steam/hydrogen ratio) and properly 

is another important 
corrosion problem that is encountered in 

gas pipelines. Usually, the piping 

material, used downstream of the feed
heaters where the gas temperature is less than 
400°C, is a low-alloy steel. Internal 
carburization and fissuring of steel is caused by 
hydrogen permeating the steel and forming 
methane. The formed methane cannot diff
out and accumulates in voids formed at the grain 
boundaries. This condition contributes to high 
stresses that ultimately fissure and crack the 
metal.  
The curves (Fig. 28) list the operating limits to 
avoid de-carburization and fissuring for steel in 
hydrogen service. Consider these conditions 
when selecting metallurgy for equipment and 
pipelines downstream of the reformed
and the low-temperature converter.

temperature converter, where CO in 
 by the water-
-bar pressure 

450°C temperature. Usually, low-alloy 
0.5Mo is used as the material of 

construction. In converted gas pipelines, acid gas 
(CO2 and H2S) are dissolved in the steam 
condensate, and often contribute to corrosion. 
This condition can be avoided by using SS 304 
material.  
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condensate, and often contribute to corrosion. 
This condition can be avoided by using SS 304 



www.researchgate.net                                                                                                          
                                                                                                         
 
 

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

Choosing the metallurgy in the CO
system depends on the solvent used in the 
process. SS 304 and SS 316 are the preferred 
materials of construction. Carbon steel, fully 
stress relieved after metalworking, is also used 
for piping and equipment in this section. Iron in 
the circulating solution can cause erosion 
corrosion in pipeline bends, pump impellers, 
pump casings, etc. In plants where amines are 
used to absorb CO2, formation of amine 
carbamate adducts also contribute to corrosion.
With modern alkanolamines— methyl di
amine (MDEA)— the carbamate adducts are less 
heat stable and, thus, do not accumulate in 
solution. Additives in the solution render the 
carbamate harmless by converting them into 
carbonates. In potassium carbonate processes, 
arsenic and vanadium salts are used to suppress 
corrosion. A passive layer of magnetite on steel 
surfaces is maintained by adding small amount 
of air. In the CO2-removal system, SCC is 

Fig-29 
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Choosing the metallurgy in the CO2-removal 
system depends on the solvent used in the 
process. SS 304 and SS 316 are the preferred 
materials of construction. Carbon steel, fully 
stress relieved after metalworking, is also used 

equipment in this section. Iron in 
the circulating solution can cause erosion 
corrosion in pipeline bends, pump impellers, 
pump casings, etc. In plants where amines are 

, formation of amine 
carbamate adducts also contribute to corrosion. 

methyl di ethanol 
the carbamate adducts are less 

heat stable and, thus, do not accumulate in 
solution. Additives in the solution render the 
carbamate harmless by converting them into 

ate processes, 
arsenic and vanadium salts are used to suppress 
corrosion. A passive layer of magnetite on steel 
surfaces is maintained by adding small amount 

removal system, SCC is 

caused by the combined effects of tensile stress 
and corrosion. It is a major problem. The caustic 
environment for carbon steel and the presence of 
chlorides for austenitic stainless steel both 
aggravate SCC. This combined action of tensile 
stress and corrodant result in either trans
granular or intergranular cracking of the metal or 
both. The overall stress corrosion process is 
initiated by corrosion damage; these cracks 
propagate due to joint electrochemical 
mechanical action and ultimately fail. SCC can 
be prevented by: better material selection, 
reduced stress of the metal by proper heat 
treatment, eliminate chloride solutions, remove 
oxygen from chloride-containing solutions, 
apply corrosion inhibitors, etc. Ferritic and 
duplex (austinitic/ferritic) type of stainless steel 
show marked resistance to stress co
cracking 
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Waste-heat recovery. 
 The waste-heat-recovery system is associated 
with flue gas from the reformer furnace and 
process gas from the secondary reformer. It 
generates high pressure steam in specially 

designed boilers. These boilers and steam supe 
rheaters operate under very high heat flux on the 
one side and corrosive water on the other. 
Consequently, meticulous care is needed to avert 
failures. Proper material selections and stringent 

water quality are two proactive loss prevention 
methods. Various material grades of SA 213, 
ASTM A312, ASTM A335 and ASTM A351 
provide useful service life in this section. The 
cooler part of the combustion air preheater—the 
tail end of the flue-gas-heat-recovery train—
more likely to corrode due to sulfur dioxide 
(SO2) condensing from the flue gas. In this area, 
cast iron or glass will resist the acid attack. 
Carbon steel preheater tubes, joined with 1.5 to 2 
m of SS 304 tubes at the cold end of the tube 
sheet, can ensure reasonable service life. 
Typically, the flue-gas temperature to the stack 
is maintained above the dew point of SO2 to 
prevent condensation. During startup and 
shutdown, condensation of SO2 
The high-pressure, feed water heaters are prone 
to leaks at the tube-to-tube sheet joints. Lining 
or overlaying the tube sheet with material, such 

as, Alloy 600 and using tube materials with 1 
Cr-0.5 Mo can mitigate this risk considerably. 
Ammonia Synthesis.  
If the synthesis gas contain traces of carbon 
oxides, upon mixing with the NH3 in the 
recirculating gas from the synthesis loop, 
ammonium carbamate will form, and clog and/or 
corrode downstream equipment. To avoid this 
condition, consider controlling the carbon oxides 
level with fresh makeup gas to less than 5 ppm. 
The compressor  inter stage coolers are usually 
constructed of carbon steel and use water as the 
cooling medium. Low-velocity areas in the 
water passage are prone to scaling and under-
deposit microbial corrosion. These factors may 
lead to tube failures. Improved design of 
exchangers can eliminate low-velocity areas; 
proper cooling-water treatment program can 
control under-deposit microbial corrosion. 

 
Fig-30 
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Startup heaters 
Electrical or direct-fired types—are used to heat 
synthesis gas for the converter during startup. 
Hydrogen-induced tracks, overheating and flame 
impingement, thinning at the bends, furnace 
explosions, etc., are several problems 
encountered with this equipment piece. 
Normally, SS 321 is used for startup heater coils 

and downstream pipeline. The ammonia-
synthesis converter operates at 150–200 bar 
pressure and around 515°C. Under these service 
conditions, nitriding and hydrogen 
embrittlement can occur. The pressure shell is a 
multi-layer or multi-wall carbon steel vessel. 
The internal catalyst baskets, contained in the 

shell, are constructed from SS 321 material. 
Nitriding of pipes and catalyst-support grids are 
encountered in ammonia plants. The nitriding 
effect is more pronounced in low-alloy steels 
above 450°C; austenitic steels with a high-Ni 
content offer considerable more resistance. 
Alloys of the Cr-Ni-Mo-type— containing 12–
25% Cr, 5–25% Ni, Mo, vanadium (V) and W—

are usually used for the gas side. SA 213, T22 
material—2.25 Cr-1Mo type or their improved 
versions—are used for the boiler. Due to the 
high pressure and temperature in the reactor, 
atomic hydrogen is absorbed by diffusion; the 
subsequent reaction with carbon in the steel 
results in blistering and cracking from 
decarburization. 
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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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temperature creep rupture resistance. 
ng duplex stainless steels and modern 

corrosion abatement techniques are other 
methods that improve plant-operating 

scale fertilizer plants continue to be 
built worldwide to meet the growing fertilizer 
demand. A major factor contributing to this 
achievement is the industry's success in 
combating corrosion. Adopting modern 

abatement techniques and applying 
new generation/improved materials of 
construction effectively mitigate process 

Materials science is 
terdisciplinary field involving the 

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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