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In urea plants, HP equipment are inspected on regular basis during planned turnarounds, 
however the interconnecting HP process lines in general, do not always get the same attention. 
This lack of attention is not justified. It is well established in the chemical industry that the failure 
of pipelines is more likely to occur than the failure of static process equipment.  
The main reason is the fragmentation of responsibilities throughout the total life cycle of 
pipelines; i.e. different groups are responsible for design, construction, operation, inspection, 
maintenance, modifications, repairs, and finally decommission. This is much more fragmentized 
compared to (critical)static process equipment.  
Another difference is the wide spread of pipelines across the plant, leading to difficulties in 
allocating responsibilities, especially when pipes crosses boundaries of plants.  
Finally it is almost impossible to do internal visual inspections of pipe lines compared to static 
equipment which makes the integrity assessment of piping much more difficult.  
Below paper describes the failure and study of that in Abu Qir urea plant (also included in the 
UreaKnowHow.com Urea Incident Database.  
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Failure Of Gases Outlet Pipeline 

Of The Reactor In Urea Plant 

ENG/ MOHAMAD EBRAHIM 

Abu Qir Fertilizers Company 

Alexandria, Egypt 

In Abu Qir fertilizers company, urea plant located in Alexandria, Egypt. The outlet gases 
line from the top of the reactor was exposed to catastrophic failure occurred at the lower part 
of the pipeline connecting top of the reactor to scrubber., gases outlet pipeline of the reactor 
was deformed and twisted along its length and removed away from its location. Also the 
rupture disc of the scrubber was torn up at different zones around gases outlet line Corrosive 
carbamate gases were flowing in this line under pressure of 140 bar and 183 °C. the line was 
made from 316 L UG with thickness about 14.2 mm. it was noticed that huge fractured 
opening the line beside many cracks were appeared in the inner surface. To investigate and 
know what happened, samples from fractured zone were sent to Central Metallurgical 
Research and Development Institute in Egypt. It was concluded that the main reason behind 
this disaster was Stress corrosion cracking. 
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BACKGROUND 
Urea is manufactured by a reaction of ammonia NH3 and carbon dioxide CO2 at high temperature and 
pressure. Ammonia is produced from atmospheric nitrogen and hydrogen from natural gas. The carbon 
dioxide for urea manufacturing is produced as by-product from ammonia plant reformer. Urea 
manufacturing steps include solution synthesis, where ammonia and carbon dioxide react to form 
ammonium carbamate, which is dehydrated to form urea. The major equipment of urea plant includes 
reactor, scrubber, HP carbamate condenser and stripper. Urea is partly formed in Carbamate condenser 
and the reaction is completed in the reactor. The highly converted urea synthesis solution (a mixture of 
Urea, excess NH3, ammonium carbamate and water) flows from the reactor to the Stripper, where a major 
part of unreacted or unconverted materials are decomposed and separated from the solution by steam 
heating CO2 stripping. The purified urea solution from the high pressure decomposer is sent to the 
evaporator and then to prilling tower or granulator. 

Urea plant has been set into operation since 1979. During urea manufacturing process, carbamate gases 
at the top part of the reactor are transferred to the top part of the scrubber where carbamate gases are 
recovered. Pipeline for transferring carbamate unreacted gases from top of the reactor to scrubber is made 
from DIN 1.4435(316L urea grade) with 25m length, 168.3mm diameter and 14.2mm thickness. Working 
pressure and temperature of the reactor and its outlet pipeline are 138bar and 183 C while its design 

pressure and temperature are156 bar and 200 C respectively. After approximately 30 years of operation, 
catastrophic failure was occurred at the lower part of the pipeline connecting top of the reactor to then 
scrubber. Fracture zone about 3m away from top of the reactor. The fractured pipeline was completely 
removed and replaced with new one. Fractured zone of the pipeline was received for failure analysis 

INTRODUCTION 
In urea plants, HP equipment are inspected on regular basis during planned turnarounds, however the 
Interconnecting HP process lines specific and piping systems in general, do not always get the same 
attention. This lack of attention is not justified. It is well established in the chemical industry that the failure 
of pipelines is more likely to occur than the failure of static process equipment. 
The main reason is the fragmentation of responsibilities throughout the total life cycle of pipelines;  
i.e. different groups are responsible for design, construction, operation, inspection, maintenance, 
modifications, repairs, and finally decommission. This is much more fragmentized compared to (critical) 
static process equipment. Another difference is the wide spread of pipelines 
across the plant, leading to difficulties in allocating responsibilities, especially when pipes crosses 
boundaries of plants. Finally it is almost impossible to do internal visual inspections of pipe lines  

(As compared to many static process equipment), which makes integrity assessment of piping much more 
difficult. 

INVESTIGATION 
The fractured part of the reactor outlet pipeline was subjected to different non-destructive and destructive 
tests including visual investigation, thickness measurement, liquid penetrant test, stereoscopic 
examination, chemical analysis, optical and scanning electron microscopic examination, energy dispersive 
X-ray (EDX) microanalysis, and hardness measurements. 

Non-destructive investigation 
General views of fractured zone reactor outlet pipeline and scrubber rupture disc are shown in fig.1  
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Fig. 1: general views of fracture zone of reactor outlet pipeline and rupture disc of scrubber 

It is noticed that the gases outlet pipeline of the reactor was deformed and twisted along its length. It is 
noticed also that this outlet pipeline was fractured at its elbow close to top of the reactor. Fracture opening 
was about 700mm along the tensile stressed side of elbow and 235mm in outer diameter. Regarding 
scrubber side, both its rupture disc and gases outlet pipeline were distorted upward and moved away from 
its original locations. Beside, rupture disc was torn up at different zones around gases outlet line. 

Enlarged and close up views of outer and inner surface of fracture zone of reactor outlet pipeline are 
shown in fig. 2 and fig. 3. 
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It can be noticed that multi cracks were initiated and propagated at inner surface facing fracture opening 
fig. 2. Another important notice is the branched cracking type (fig. 3). Except fracture opening, no cracks 
were observed at outer surface of fracture zone. 

Enlarged and close up views of cross section of fracture zone of reactor outlet pipeline are shown in fig.4. 
Note that multiple cracks were initiated at inner surface and propagated toward outer surface, at zone just 
facing fracture opening. Enlarged and close up views of inner surface of fracture zone of reactor outlet 
pipeline, after dye penetrant test are shown in fig. 5. 

 
Fig. 5 

Dye Penetrant test confirmed branched cracking type at inner surface at zone of fracture opening. Close 
up views of a cross section of fracture zone of reactor outlet pipeline, after dye penetrant test are shown in 
fig. 6. It is confirmed that multiple branched cracks were initiated at inner surface and propagated toward 
outer surface at zone facing fracture opening. Dye penetrant test confirmed that except fracture opening, 
no cracks were found at outer surface of fracture zone. 

Visual investigation showed almost no thinning or reduction in wall thickness of fracture zone. This has 
been confirmed by a survey of wall thickness measurement. The results disclosed almost no thinning in 
pipeline thickness where an average value of 14.3mm was recorded at both fractured and non-fractured 
zones. 

Destructive investigation 
Specimen from both fracture and non- fracture zones of reactor outlet pipeline were cut out and prepared 
for chemical analysis, metallographic examination, and hardness measurement. The results of chemical 
analysis showed that the chemical composition of the pipeline material was within the range specified for 
316L urea grade stainless steel (DIN 1.4435) as shown in table1 

 

 

Low magnification stereoscopic photographs of across sections close to fracture zone confirmed that 
branched cracks were initiated at inner surface and propagated through thickness toward outer  surface as 
shown in fig. 7  
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Fig. 7 

As-polished and etched optical micrographs of a cross section close to fracture zone of reactor outlet 
pipeline are shown in fig.8 and 9 respectively. Optical microscopic examination confirmed that branched 
cracks were initiated at inner surface and propagated through thickness toward outer surface as shown in 
fig.8. It can be noticed that these branched cracks were propagated through both grain boundaries and 
transgrains that means both intergranular and transgranular cracks were observed fig.13, (c) 

. 
Fig. 8 

As-polished optical micrographs of cross section close to fracture zone of reactor outlet pipeline are shown 
in fig. 13,(a) and 14,(b). Etched optical micrographs of a cross section close to fracture zone of reactor 
outlet pipeline are shown in fig. 14, (a). It is obvious that cracks were propagated through both grain 
boundaries and transgrains. In other words, both intergranular and transgranular cracks were observed 
around fracture zone. 

As-polished and etched optical micrographs of a cross section close to fracture zone of reactor outlet 
pipeline are shown in fig. 13 and 14 respectively. Again branched cracks were initiated at inner surface 
and propagated through thickness toward outer surface fig. 13. These branched cracks are intergranular 
and transgranular cracking type fig. 14 
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As-polished and etched optical micrographs of cracking zone close to fracture zone of reactor outlet 
pipeline are shown in fig. 15, 16, 17 and 18. 
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The important notice is branched cracking type propagated through grain boundaries (intergranular 
cracking) and transgrains (transgranular cracking).  

Etched optical micrographs of a cross section close to fracture zone of reactor outlet pipeline are shown in 
fig. 19. It is clear that branched cracks were initiated at inner surface and propagated through thickness 
toward outer surface.  

 

Higher magnification of a crack tip in fig. 19 indicated that crack was propagated through grain boundaries 
(intergranular cracks) and transgrains (transgranular cracking) as shown in fig. 20. 
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Regarding non-fracture zone, as-polished and etched optical micrographs of a cross section taken 10cm 
away from fracture zone of reactor outlet pipeline are shown in fig. 21 and 22 respectively.  

One important notice is the initiation of cracks at pits on inner surface fig. 21. Another notice is the 
propagation of cracks through both grain boundaries and transgrains fig. 22. 
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As-polished optical micrographs of a cross section taken 10m away from fracture zone of the reactor outlet 
pipeline are shown in fig. 23. similar to features shown in fig. 21and 22, cracks were initiated at pits on 
inner surface of fractured pipeline.  

Survey of hardness measurement of the received pipeline part was carried out. Results of these 
measurements disclosed that hardness values of the received pipeline part are varying between 225HV 
(fracture zone) and 190HV (non-fractured zone) as shown in table 2.  

 

This difference in hardness values could be related to higher degree of forming at fracture zone that is 
elbow shape. 

In order to help in identification of failure mechanism, cracks surface was examined using scanning 
electron microscopy loaded with energy dispersive x-ray(EDX) microanalysis unit. Scanning electron 
microscopic photographs of fracture surface at the most probably fracture initiation zone are shown in fig. 
24. 
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.The most important feature is the brittle fracture mode. Results of energy dispersive x-ray (EDX) 
microanalysis of crack surface indicated chloride irons within crack path as shown in fig. 25. 
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DISCUSSION 
On site investigation indicated that the gases outlet pipeline of the reactor was deformed and twisted along 
its length. This outlet pipeline was fractured at one of its elbows close to the top of the reactor. Dimensions 
of fracture opening were about 700 mm length along the tensile stressed side of the fractured elbow and 
235 mm outer diameter. Regarding scrubber side, both its rupture disc and gases outlet pipeline were 
distorted upward and moved away from its original location. In addition, rupture disc was torn up at 
different zones around gases outlet line. 

Visual, dye penetrant and macroscopic examinations of inner surface of fracture zone of reactor outlet 
pipeline showed multiple branched cracks initiated in inner surface and propagated toward outer surface, 
at zone just facing fracture opening. Visual investigation and wall thickness measurements showed almost 
no thinning or reduction in wall thickness of fracture zone that means brittle fracture mode. 

Chemical analysis of the fractured outlet pipeline of the reactor indicated that the pipeline material was 
within the specified range of type 316L urea grade stainless steel. 

Optical microscopic investigation disclosed multiple branched cracking propagated through grain 
boundaries (inter granular cracking) and transgrains (transgranular cracking). Metallographic examination 
confirmed that cracks were initiated at inner surface of the pipeline then, it propagated in grain boundaries 
and transgrains through thickness toward outer surface. The cracks exhibited branching as they 
propagated through wall thickness. Away from fracture zone, optical microscopic examination disclosed 
cracks initiated at inner surface pits. 

The observed multiple branched cracks morphology is characteristic of stress corrosion cracking. Stress 
corrosion cracking related to the environmental degradation of the mechanical integrity of structural 
component. Stress corrosion cracking is well known in variety of industries including fertilizers. Equipment 
made from austenitic stainless steel sustain stress corrosion cracking when subjected to a combination of 
a tensile stress and hot chloride in aqueous solution, even in concentrations of only few parts of million. 

 

Generally as shown schematically in figure 26, there are two variant of SCC so classified owing to the 
difference in microscopic crack advance mechanism. In one mechanism that active path dissolution, crack 
advance occurs by a localized corrosion process during which metal is actually dissolved locally from the 
tip of an advancing crack. 

In the second mechanism hydrogen gas actually absorbed in the metal and reduces the cohesive energy 
of the solid, which is a measure of how much work is required to pull the solid apart. This second 
mechanism called hydrogen embrittlement is differentiated from first In that there is no need of metal 
dissolution for crack advance to occur. Usually, stress corrosion cracking occurs by active path dissolution 
mechanism is inter granular in nature while that occurs by a HE mechanism is transgranular in nature. 

Failure by stress corrosion cracking produces both thick-walled fracture faces regardless of the degree of 
metal ductility, and branched intergranular and/or transgranular cracking. This cracking phenomenon has 
series consequences since it can occur at stress within the range of typical design stress. The length of 
time required to produce stress corrosion cracking is shorter for higher tensile stresses. 
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The tensile stresses that contributed to the subject failure were primarily residual stress caused by forming 
of reactor outlet pipeline in addition to operating stress. The corrosive medium is gases medium of outlet 
pipeline include 11499Kmole/day NH3, 3595 Kmole/day CO2, 620 Kmole/day H2O, 1148 Kmole/day inert 
and 218 Kmole/day O2. 

It was clear that cracks were initiated first at pits in the inner surface of pipeline then, penetrated through 
thickness toward outer surface. Corrosion pits on the inner surface of the fracture zone accelerated the 
formation of stress corrosion cracking since it acts as stress raisers. Once a crack has started, the tip of 
the advancing crack has a small radius and the attendant stress concentration is great. Crack propagation 
could be accelerated by hydrogen embrittlement. 

Propagation of stress corrosion cracking through pipe wall thickness, toward outer surface, continued until 
operating stresses exceeded the yield strength of the material leading finally to fracture. In other words, as 
the cracks progressed, the stresses exceeded the strength of the remaining intact pipe, and a brittle thick-
walled fracture occurred. 

STRESS CORROSION CRACKING 
Conclusion and recommendation Stress corrosion cracking is cracking at elevated temperatures due to a 
process involving conjoint corrosion and straining of a metal due to residual or applied stresses. Despite 
the introduction of polymers and composites in recent years, metals remain important in structures 
because of their strength, stiffness, toughness and tolerance of high temperatures. Unfortunately, metals 
are subject to corrosion and this corrosion can take many forms; the form that concerns us here is the 
interaction of corrosion and mechanical stress to produce a failure by cracking. This type of failure is 
known as stress corrosion cracking, often abbreviated to SCC. As will be explained below, SCC may occur 
by a number of mechanisms; when cracking is clearly a result of hydrogen embrittlement, this term may be 
used in place of SCC. However, this distinction is rather arbitrary; often the mechanisms of SCC is unclear, 
and many failures that are actually due to the effects of hydrogen would conventionally be ascribed to 
SCC. Similarly other specific stress corrosion cracking processes have acquired their own names; ‘season 
cracking’ for the cracking of brass in environments containing ammonia, ‘caustic cracking’ for the cracking 
of steel in strong alkalis ,etc. SCC is an insidious form of corrosion; it produces a marked loss of 
mechanical strength with little metal loss; the damage is not obvious to casual inspection and the stress 
corrosion cracks can trigger mechanical fast fracture and catastrophic failure of components and 
structures. Several major disasters have involved stress corrosion cracking, including the rupture of high-
pressure gas transmission pipes, the explosion of boilers, and the destruction of power stations and oil 
refineries. Fortunately, the occurrence of SCC depends on the simultaneous achievement of several 
requirements: sufficient high temperature, a susceptible material, an environment that causes SCC for that 
material, and sufficient tensile stress to induce SCC. Consequently, SCC is relatively rare, though failures 
can be very costly and destructive when they do occur. 

Why stainless steels are sensitive for chlorides? 
Chlorides, the most common of the family of halides (which also includes fluorides, bromides and iodides), 
are the primary agents for stress corrosion cracking of austenitic stainless steels. 
Chloride induced stress corrosion cracking on stainless steels has been reported in such diverse media as 
natural waters, geothermal steam, industrial steam condensate, acetic acid, caustic, coffee, baked beans, 
tomato soup. etc. In most cases, with the exception of caustic (which itself is a stress corrosion cracking 
agent), the cracking can be traced to the presence of the inorganic chloride ion, Cl-. Except for particular 
cases involving sensitized metallic structures (i.e. containing chromium carbide precipitates at the grain 
boundaries) under particularly aggressive conditions, the morphology of chloride stress corrosion cracking 
involves multi-branched, trans-crystalline cracking. 
Austenite stainless steels are sensitive for stress corrosion cracking by chlorides while carbon steels, 
ferritic and ferritic-austenitic (duplex) stainless steels are much better resistant against stress corrosion 
cracking by chlorides. This is because ferritic stainless steels have a ferritic structure with a body cantered 
cubic (bcc) crystal lattice. Whereas austenitic stainless steels have a face cantered cubic crystal lattice, 
which is sensitive for chloride stress corrosion cracking because in this crystal lattice more easy shear 
occurs along the planes with a larger number of atoms. 
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At the border of the steel material and the aggressive environment the passive oxide layer breaks, at which 
locations the cracking initiates. Typically these kind of cracks are branched and transcrystalline, so 
proceeding transverse through the grains of the austenitic stainless steels. 
Duplex (ferritic-austenitic) stainless steels have a ferritic matrix with austenitic islands and behave, with 
respect to chloride SCC, like ferritic stainless steels. 

For chloride induced stress corrosion cracking of stainless steels the 
following parameters are of paramount importance: 
1. Tensile stress; this can be caused already by fabrication and welding processes or heating up / cooling 
down cycles. 

2. Temperature; the higher the temperature (starting from 60oC) the more rapid stress 
corrosion cracking can occur. 

3. Chlorides; even a small amount can cause already problems in case they can accumulate in e.g. 
crevices or under deposits. 

4. PH; in acidic circumstances chloride stress corrosion cracking is more likely to occur than in alkalic 
environment. 

5. Electrochemical potential; a high electrochemical potential (e.g. due to presence of oxygen) increases 
the risk of chloride SCC. 

6. Metallurgical aspects; austenitic materials are more susceptible for chloride SCC compared to ferritic 
and ferritic-austenitic (duplex) stainless steels. 

In literature several theories are explained regarding the mechanism of chloride SCC. One of these 
theories states that propagation of cracking occurs as an anodic reaction at the crack tip: 

Me = Me n+ + ne 

For developing of this anodic reaction it is necessary that an electron acceptor is present to develop a 
cathodic reaction like e.g. oxygen reduction reaction: 

O2 + H2O + 4e = 4 OH 

Removal of oxygen by means of addition of an oxygen scavenger may diminish the risk of chloride SCC. In 
case of presence of other electron acceptors like e.g. hydrogen ions in acidic circumstances, addition of an 
oxygen scavenger might not be successful due to another cathodic reaction being hydrogen ion reduction: 

2H+ + 2e = H2 

In presence of contaminants chlorides the corrosion rate is accelerated due to decrease of PH. The 
chemical reactions involved in presence of chlorides are: 

Fe++ + 2 Cl- -> FeCl2 

FeCl2 + 2 H2O -> Fe(OH)2 + 2 HCl 

The pH will decrease, which increases the risk of chloride stress corrosion cracking. 
Other pre-conditions are the presence of oxygen, chlorides, tensile stresses and a temperature above 
about 50 oC. 

Origin of chlorides 
Chlorides can enter a urea plant from different sources. 

Organic sources 
Organic chlorine compounds are not directly harmful themselves to austenitic stainless steels. They will 
cause SCC only to the extent that they produce inorganic, ionic chlorides by processes of hydrolysis or 
thermal decomposition (i.e., pyrolysis), or both. Refrigerants, lubricants, tapes, paints, inks, adhesives, 
etc., are all potential sources of chloride ion Often, the responsible agent is some form of PVC (poly vinyl 
chloride), which decomposes readily at temperatures as low as some 100 OC. An analysis for free chloride 
may be misleading because it does not analyse the bound chlorine in a compound like e.g. PVC. One 
chemical process company reports many failures as a result of plastic tapes and labels on hot austenitic 
stainless steels. In 1969, chloride SCC was detected under PVC tape attached to a 6 inch type 304 
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pipeline which was covered with a thermal insulation product. The line provided 35 psi steam condensate 
feed water to a desuperheater. It had been in service about 18 months. Another failure was reported to 
have occurred under a plastic sign taped to the outside of a vessel. 

The taped sign was not removed when the tank was insulated. The insulation was inhibited with sodium 
silicate. Practices adopted by one company are-no tapes containing polyvinyl chloride are to be used in 
piping fabrication and erection for project and sketch identification and sealing; no plastic, rubber or paper 
tape or label is to be in contact with hot [e.g., 60 oC) austenitic stainless steels. 

Chloride (chlorine) containing marker 

Writing on stainless steels with a Chloride containing marker commands for the risk of stress corrosion 
cracking. 

Hydrostatic testing and flushing 
Hydrostatic pressure testing and rinsing of equipment and piping with water is a common procedure in 
chemical process plants. This procedure poses a number of risks where stainless steels are involved. 

Where any water is left behind, it will gradually evaporate and allow corrosive components, especially 
chlorides, to concentrate to the point where they may initiate pitting and/or stress corrosion cracking in 
stainless steels. The risk of such corrosion is dependent on the steel quality, service temperature, the 
materials service condition, the pH and the initial concentration of corrosive components as well as 
inhibitive components (like e.g. trisodium phosphate) in the water. 
There is no risk of pitting and/or stress corrosion cracking if the water used for hydrostatic testing and 
rinsing is free of chlorides. For this reason selection of chloride free water (< 1 ppm) for flushing and 
hydrostatic testing of stainless steel equipment and piping has to be preferred. 

Maritime atmosphere 

When the equipment item needs to be transported over sea, the equipment will be in a chloride rich 
environment. It is good practice to apply nitrogen blanketing to protect inside of equipment. 
It is also possible of course that the equipment is installed and in operation close to the sea side. 
Nowadays one sees also cooling towers for sea water installed close to urea plants, obviously leading to a 
chloride rich atmosphere. It is good practice then to apply a proper coating (painting), insulation at the 
critical areas. Furthermore in de design details one should minimize / avoid crevices where chlorides can 
accumulate, for example at supports of pipes and equipment. 

Contamination of boiler feed water 

When chlorides manage to contaminate boiler feed water, these chlorides can cause stress corrosion 
cracking problems in the boilers or heat exchangers where steam is produced. 
When this boiler feed water is used for tempered cooling water systems, also here stress corrosion 
cracking might occur. 

Cooling water 

Sometimes the available cooling water of urea plant contains already a considerable amount of 
chlorides. Not only when direct sea water cooling is applied but also when the ground water contains a 
relatively high value of chlorides because the location of the urea plant is close to the sea. 
When chlorides are present, extra attention is required so that chlorides cannot accumulate and/or 
alternative materials (duplex materials) of construction need to be chosen. 

Process side 

When chlorides enter the process side of a urea plant, SCC, pitting corrosion and a higher overall passive 
corrosion of austenitic stainless steels can occur. 

CONCLUSION AND RECOMMENDATIONS 
High Pressure piping is often an area which receives less attention during the lifetime of a urea plant; there 
is no logical reason for this. Paying not enough attention or wrong inspection/repair procedures can lead to 
catastrophic incidents like what happen in our case and as a result the operation was interrupted for 
almost 10 days till the pipeline was replaced by a new BCO5 one. 
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Based on the results obtained in the investigation, it can be concluded that fracture of reactor outlet 
pipeline of caramate gases is attributed mainly to stress corrosion cracking. Simultaneous action of high 
tensile stresses and corrosive environment has caused multiple stress corrosion cracking at pits on inner 
surface. Tensile stress contributed to stress corrosion cracking of outlet pipeline is attributed to both 
forming and applied stresses. In addition to high tensile stresses at curved zones (elbow) of pipeline, pits 
at inner surface pipeline have contributed in remarkable increase in stress concentration. Such high stress 
combined with corrosive chloride ions from medium has shortened time required to initiate cracking. 
Generally, grain boundaries in steel are more susceptible to corrosion owing to impurities segregation 
during solidification of the steel. The grain boundaries provide (active path) for the localized corrosion 
process. The role of the stress is to open up the crack and thus prevent corrosion products from shutting 
down the active corrosion process. 

Propagation of cracking could be accelerated by hydrogen embrittlement that is caused by the penetration 
of atomic hydrogen into the metal structure. Hydrogen absorbed in metal tends to be attracted regions of 
high triaxial tensile stress. Thus, it is drawn to the regions ahead of cracks that are under stress leading to 
decrease in toughness or embrittlement of the metal. 

The cracking appearance is a mixture of intergranular and transgranular modes. Usually, stress corrosion 
cracking occurs by an active path dissolution mechanism is intergranular in nature while that occurs by 
hydrogen embrittlement mechanism is transgranular in nature. 

Since austenitic stainless steel have higher hydrogen solubility and a lower diffusion coefficient, it usually 
takes very much longer (years rather than days) for austenitic material to become brittle by hydrogen 
diffusing in from the surface than it does for ferritic steels. 

Occurrence of stress corrosion cracking is always associated with multiple cracks that are spaced 
relatively close to one another. If cracking proceeds long enough, these cracks eventually coalesce and 
form large connected crack that results in a catastrophic failure (loss of operating pressure). 

For other pipelines having same operation conditions and lifetime, it`s expected that cracks are existed at 
the inner surface, particularly at elbows or curved zones. Then, replacement of these pipelines is 
recommended. In this regard, higher grades such as duplex stainless steels and austenitic steels with 
higher Cr and Ni contents (310 stainless steel) are recommended. Also combined action of both tensile 
stress and chloride concentration should be minimized. 

Chlorides can enter a urea plant from various sources such as organic sources, during hydrostatic testing 
and flushing, during sea transportation or maritime environment at site, contamination of boiler feed water, 
from cooling water or even entering the process side. Attention should be paid to the organic chloride 
content of refrigerants, lubricants, tapes, paints, inks, adhesives, etc., as all are potential sources of 
chloride ions. Attention should be paid to use chloride free markers in case of marking stainless steels for 
e.g. indicating locations of repair during inspection. Attention should be paid to the chloride content of 
water used during the hydrostatic pressure test and flushing. Attention should be paid for the maritime 
atmosphere during transportation and at site by a proper nitrogen blanketing, the construction details of 
equipment items and the coating and insulation of equipment. Boilers and steam producing equipment 
items should have a continuous blow down, which needs to be checked for chlorides regularly. Cooling 
water with high chloride levels requires extra attention to avoid accumulation of chlorides and/or alternative 
materials of construction are required like Duplex steel. Chlorides at the process side of a urea plant 
should be avoided. 
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