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Summary 
Stress corrosion cracking is cracking due to a process involving conjoint corrosion and straining 
of a metal due to residual or applied stresses. 
Stress corrosion cracking 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.  
Under certain condition chlorides can cause stress corrosion cracking to stainless steel materials, 
which are used abundant in urea plants. Chlorides can origin from different sources and small 
amounts can lead already to safety risks and expensive maintenance projects. Enough reasons to 
have a closer look at chlorides in urea plants. 
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1. Introduction 
 
This paper deals with the consequences when Chlorides enter a urea plant in which austenitic 
Stainless Steels are used. They will cause great problems to urea plants. Under certain conditions 
chlorides can cause stress corrosion cracking to stainless steel materials, which are used abundant in 
urea plants, but may also lead to an increased overall corrosion.  
Chlorides can origin from different sources and small amounts can lead already to safety risks and 
expensive maintenance projects. Enough reasons to have a closer look at chlorides in urea plants. 
 
 
 
2. Theory 
 
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. 
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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 centered cubic (bcc) crystal lattice. Whereas austenitic stainless steels have a face centered 
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. 
 
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 trans-
crystalline, 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.  
 
Figure 1 shows an example of chloride induced stress corrosion cracking of a stainless steel heat 
exchanger tube. 
 

  
Figure 1: Macrophoto of SCC in stainless steel heat exchanger tube 
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Figure 2: Microphoto of trans-crystalliner chloride stress corrosion cracking in a stainless steel heat 
exchanger tube 
 

 
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 60 oC) 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 an ferritic-austenitic (duplex) stainless steels. 
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In literature several theories are explained regarding the mechanism of chloride SCC. One of these 
theories state 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 
 
 
 
3. Origin of chlorides 
 
Chlorides can enter a urea plant from different sources. 
 
 
3.1 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 
(see table below). 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 
pipeline which was covered with a thermal insulation product. The line provided 35 psi steam 
condensate feedwater 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. 
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Table 1: Chlorine content of some materials (circa 1971) 
(The total chlorine content (Total chlorine =Inorganic + hydrolyzable +pyrolyzable) of materials listed has been 
established by analysis of random samples of the various products listed. The chloride content listed for an individual 
product or material does not necessarily apply to other lots of the same product or material. No product endorsements are 
intended.).  
 
Material  Total Chlorine [ppm]  

Acetone (Fisher)  
Acetone (Mallinkrodt)  
Adhesive sealer (3M clear No. 8551)  
Alcohol, denatured (Sotux)  
Coating (Flint Flex)  
Enamel 70B (Koppers S&D B-9365)  
Flux Amco 45 (Sliver S.S.) 
Ink remover (Bookmakers #7001)  
Joint compound (Hercules Pipe-Pro Dope)  
Leak-Tex (Formula #277·C) 
Lube-W EEZ Center  
Naval jelly  
Oil, water-soluble (Texaco "C') 
Paint 199L black  
Paint 104L bright red  
Paint, Lettering, white  
Paint, 144L medium green  
Penetrant (Spotcheck SKL·HF) 
Primer 70B (Koppers B674 601G)  
Solvent (Vari-Sol)  
Sorba heat (Hempco)  
Tape (Shurford's 2-in. white)  
Conditioner (Alkaline Polo)  
Cleaner (Flo-Master)  
Cleaner (Spotcheck SKC-S)  
Cutting compound (EEZ-2·15-T)  
Cutting fluid (EEZ·4.15-T)  
     (EEZ Foamy)  
     (Ashburn Industries Mike-o-cut)  
     (Rapid Tap)  
Decal (Avery Paper Co. fascal yellow)  
Degreaser (Freon TF M5-180)  
     Multipurpose (Hyde Park Hy-Solv Plus) Detergent, 
trisodium phosphate (Monsanto)  
     Tide  
Developer (Dubl·Check D.100)  
     (Spotcheck SKO·S)  
Film, metallic acrylic adhesive (Scotchcal 5400) 
     Metallic polyester adhesive (Scotchcal 530)  
     Polyester adhesive (Scotchcal 5690)  
     Vinyl adhesive (Scotchcal 3690)  
     Vinyl adhesive (Controtac 180-10)  
Enamel, coal tar (Koppers Bitumastic 50)  
Gasket compound (Tite-Seal)  
Gasket material, blue asbestos (Sepco)  
     Buna S rubber, black  
     Buna S rubber, red  
     " O " Ring, Buna N (Parker)  
     Red neoprene  
     (Permatex Form-A-Gasket No. 1)  
     White asbestos (Johns·Manville)  
     Rubber(Goshen Compound No. 1241) 

101  
196  
95  
39 
25  
50  
193  
54  
79  
35  
25  
25  
59  
116  
25  
211  
141  
25  
50  
20  
64  
126  
2,500  
1,300  
600  
1,600  
260,000  
260,000  
28,000  
1,150  
350,000  
335,000  
460  
5,900  
480  
440  
400,000  
1,100  
1,040  
17,000  
71,000  
72,000  
700  
113,000  
1,400  
85,000  
15,000  
770  
940  
54,000  
1,500  
890 
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Gasket, black neoprene  
     Quad Sea, neoprene 
 Ink, black (Flo-Master)  
      Layout (EEl blue)  
      Red (Flo-Master)  
      Marking (Pannier black 1001)  
Insulation, cork  
      Polyurethane (Code 118)  
      Type NA (Code 102-1)  
Layout (Sprayon fluId blue No. 603)  
Lube & Coolant (Eel-Cool Aid)  
Gasket Material (Permatex Form-A-Gasket 3-H) 
Lubricant, culling oil (Sun OilCo. HD 450 Sunicut)  
      Dry slip spray (DuPont)  
      Dry (MS·122)  
      Hammer (Skil #20525)  
      (Molykote M·77 Paste)  
      (3·in.1 Oil)  
      (Dow Corning Spray-Kote)  
      Thread (Swagelok Co. blue Goop)  
Paint, black (Dick Blick #1811)  
      Lettering (124L orange)  
      Lettering (134L chrome yellow)  
      Lettering (l56l blue)  
Pencil, marking (Marsh AEC)  
Penetrant (Kano Lab Aero-Kroil)  
      (Liquid Wrench #L1·16)  
      (Blue Ribbon)  
      (Dubi-check DP-51)  
      (Spotcheck SKL.HF)  
      Water washable (Spotcheck SKC-W)  
Lubricant (WD-40)  
Pipe, polybutylene  
Primer (Bitumastlc Jet Set)  
Remover (Dubi-Check RD-60)  
      Thinner (Dykem "138'')  
Sealant, adhesive (3M black No. 8011)  
      Adhesive (3M yellow No. 8001)  
      Duxeal (Johns-Manvllle)  
      RTV 102  
      RTV 103  
      RTV 108  
Solvent (Safe-Tee #101 F.O.)  
Stain (Dykem black DXX·553)  
Tape (Kendall Armak) 3/4·in. wide masking  
      1/2·in. wide masking  
      Black (Kendall 900)  
      Clear polyester adhesive (Scotch #5)  
      Decal black (Metric·Cal)  
      Decal clear (Mylar)  
      Decal white (Metric·Cal)  
      (3M Highland 2·ln.)  
      Black (Borden Mystic #5803)  
      White (Borden Mystic #5683)  
      Clear (3M Scotch #5)  
      (Shurfords CP66)  
      (Shurfords CP622)  
      (Shurfords Masking)  
      Green (Shurfords PC 620)  

23,000  
100,000  
1,200 
810 
1,300 
640 
30,000 
25,000 
44,000 
770 
163,000 
9,700  
3,900  
107,000  
104,000  
17,000  
14,000  
40,000  
142,000  
4,500  
24,000  
900  
730  
7,700  
450  
5,200  
52,000  
13,600  
18,000  
7,500 
440  
3,200  
2,900  
11,600 
470 
5,600  
4,700  
53,000  
16,500  
5,300  
8,200  
4,600  
16,500  
800  
38,000  
35,000  
3,300  
820  
390,000  
138,000  
380,000  
2,100  
28,500  
1,700  
6,600  
2,200  
1,200  
2,800  
12,400 

 

 
 
Although this table is several years old and maybe some products have changed their compositions, it 
shows however that one needs to be careful with applying refrigerants, lubricants, tapes, paints, inks, 
adhesives, etc. in combination with stainless steels. 



  

 

8 

3.2 Chloride (chlorine) containing marker 
 
Writing on stainless steels with a Chloride containing marker commands for the risk of stress corrosion 
cracking. 
Figure 3 shows the number “357” written in cracks on a 316L tube. Obviously the number 357 is 
written by means of a chloride containing marker pen. The marker ink is not present anymore but the 
number is still visible as chloride SCC cracks. 

Figure 3: Number “357” written in chloride stress corrosion cracks. 

 
 
3.3  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. 

A selection diagram for the water quality to be selected for flushing or hydrostatic testing of stainless 
steel equipment is shown in Figure 4. 

Where it is indicated to use flush water a tap water quality (or a flocculated canal/river water) with a 
maximum chloride content of 200 ppm is allowed to be used.  

Where flush water is acceptable, consideration shall be given to the use of chloride-free water 
especially if commissioning is not to take place for some time or if higher temperatures may result 
from process upsets. Any deviation from this specification because of, for instance, the unavailability 
of sufficient chloride free water, required water quality, reasons of costs or delivery time a corrosion 
expert shall be consulted. 
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Traced piping and equipment must always be tested and flushed with chloride free water. Such water, 
demineralized water or condensate, will usually be available in adequate quantity on the sites of 
chemical plants. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Selection diagram for water quality for flushing and hydrostatic testing of stainless steel 
equipment 

 

Flushing or pressure testing of stainless steel equipment and piping with chloride free water is not 
strictly necessary in case that: 

the item to be tested does not contain any crevices, and 
it is possible for all chloride-containing water to be drained, and 
it is possible for the item to be flushed with (a small quantity of) chloride-free water. 
 
In these circumstances flush water with maximum 200 ppm chlorides is allowed to be used. Addition 
of an inhibitor like tri sodium phosphate (Na3PO4) can diminish the risk of corrosion. 
Always consult a corrosion expert before embarking on this operation. 
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3.4 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 a 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. 

 

3.5 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. 

 

3.6 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. 

 

3.7 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. 
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4. Conclusions and recommendations 

 

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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