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Summary 

Equipment and piping made of metallic materials of construction are susceptible to electrochemical 
corrosion as a result of external influences. Particularly susceptible to atmospheric corrosion are 
insulated piping and equipment. Water, contaminated with aggressive components, may penetrate 
through defects in the insulation jacketing and migrate through the insulation material to the metal 
surface. At the hot metal surface water will evaporate, leaving the corrosion components behind. After 
concentrating for some years, the corrosive deposits are likely to cause more or less severe corrosion 
depending on the type of material.  

Atmospheric corrosion in petrochemical plants is generally electrochemical in nature. In order for this 
type of corrosion to occur, an electrolyte (i.e. moisture) must be present. Aggressive components 
which are present in insulation material or get there via the cover sheeting can migrate to the surface 
of insulated equipment or pipe via ingress of moisture acting as a vehicle. This paper describes the 
conditions promoting atmospheric corrosion. 
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1. Introduction 

 
An electrochemical corrosion process like atmospheric corrosion requires the presence of an 
electrolyte. In the case of an insulated line or equipment item, this electrolyte may be moisture that 
penetrates the insulation material via the cover sheeting. Once this has happened, the chances of 
occurrence of atmospheric corrosion are in part determined by aspects such as climatic conditions, 
operating temperatures, the type of insulation material used and layout/construction aspects. 
 
Factors affecting atmospheric corrosion: 

 Climatic conditions (macro and micro climate) 
 rainfall 
 relative humidity (dew formation) 
 atmospheric contaminants such as SO2 and saline particles (marine salt) 
 prevailing wind direction 
 Service temperature 
 Type of insulating material 
 Lay-out and construction aspects. 

 
 
2. Climatic conditions 
 
Atmospheric corrosion is more likely to occur in areas with a maritime climate or a high relative 
humidity than in areas with a dry continental climate. Atmospheric pollutants such as nitrous vapours, 
chlorides (maritime atmosphere) and particularly sulphur compounds such as SO2, which are more 
likely to be found in urban and industrial areas than in a rural environment, generally lead to 
accelerated atmospheric corrosion, depending on the material of construction used. 
Besides the macro-climate, micro-climatic factors may also play a role, for example the location of a 
plant in relation to a cooling tower and the prevailing wind direction.  
 
In presence of moisture and air the following corrosion reactions are at stake: 
 
4 Fe  4 Fe++ + 8e 
2 O2 + 4 H2O + 8e  8OH- 
4 Fe++ + 8 OH-  4 Fe(OH)2 
4 Fe(OH)2 + O2 + 2 H2O  4 Fe(OH)3 
4 Fe(OH)3  Fe2O3.H2O  + 2 H2O 
 
In presence of contaminants like SO2 and chlorides the corrosion rate is accelerated due to decrease 
of pH. The chemical reactions involved in presence of SO2 are: 
 
2 SO2 + 2 H2O + O2  2 H2SO4 
Fe2+ + SO4

2-  FeSO4 
4 FeSO4 + 6 H2O + O2  4 FeOOH + 4 H2SO4 
 
The chemical reactions involved in presence of chlorides are: 
 
Fe++ + 2 Cl-  FeCl2 
FeCl2 + 2H2O  Fe(OH)2 + 2 HCl 
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3. Operating temperatures 
 
Overall corrosion and crater-type attack in carbon steel have been found to occur mainly at 
temperatures between 0 and 100°C (wall temperature), with the greatest damage occurring between 
60 and 90°C. 
At temperatures above 50–70°C there is a real danger of nitrate stress corrosion cracking and chloride 
stress corrosion cracking in carbon steel and austenitic stainless steel, respectively, with 50°C being a 
safe lower limit. We know of cases where the operating temperature was up to 200°C. 
NH3 stress corrosion cracking can occur in brass even at room temperature. 
The temperature range in which hydrogen embrittlement of high-strength steels and galvanic 
corrosion are most likely to occur is the same as the temperature range for overall corrosion of carbon 
steel. 
In addition, it should be noted that temperature cycles are particularly conducive to atmospheric 
corrosion. In these conditions very high corrosion rates up to about 1 mm/year can occur.   
Cooling down of an equipment item causes a vacuum inside the insulation, resulting in aspiration of 
water vapour from the outside atmosphere. In such a situation a water-tight design of the cover 
sheeting does not offer sufficient protection and one should aim at a vapour-tight design, although 
this is difficult to achieve in practice. 
 
 
4. Type of insulation material 
 
Various types of insulation material are available for equipment and piping: 

 Expanded polyurethane/ polyisocyanurate 
 Mineral wool (glass and rock wool) 
 Multicellular glass (foam glass) 
 Cork 
 Calcium sillicate 
 Ceramic fibres 
 Fire proofing 

We know from experience that the seriousness of the atmospheric corrosion depends in part on the 
insulation material used. We have had particularly unfavorable results with polyurethane (pur) foam: 
in carbon steel pipelines we measured corrosion rates of up to 0.8 mm/y. This can be explained by the 
fact that pur foam used to contain trichloroethyl phosphate as flame retardant. This relatively unstable 
compound has been found to split off corrosive components. We even observed serious corrosion 
under the pur insulation of aluminium heating coils on a rail tanker (see Photo 1. Pur foam 
manufacturers nowadays use phosphatized polyols as flame retardants and claim that these do not 
give rise to any corrosion problems. 
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In carbon steel equipment insulated with mineral wool (glass wool or rock wool), corrosion rates of up 
to about 0.3 mm/y were measured.  
As far as corrosion aspects are concerned, favorable experience has been gained with cork insulation. 
This is probably because the cork was applied using a coal tar pitch as adhesive, which also functioned 
as a coating. 
Calcium silicate fibres and ceramic fibres are generally used at high temperatures, i.e. outside the 
temperature range in which there is a high risk of corrosion. 
In several cases serious corrosion was observed at carbon steel skirts of (distillation) columns and 
sphere legs underneath fire proofing. Due to poorly designed water deflectors or at location of defects 
in the fire proofing rain water and/or sprinkler water of deluge system can enter between the fire 
protection and the skirt or sphere leg.   
 
 
5. Layout and construction aspects 
 
Atmospheric corrosion will mainly occur in places where moisture penetrates the insulation cover 
sheeting and the insulation material and comes into contact with the wall of an equipment item or 
pipe.  
Aspects of lay-out and construction are: 

 Damage to and/or leaks (e.g. faulty overlap) in insulation jacketing; 
 Elbows at the low end of vertical pipelines; 
 T-joints 
 Supports and passages trough the insulation jacketing; 
 Beginning and end of the insulation, particularly of vertical pipelines; 
 Drains (dead line sections such as sampling points) and vent pipelines; 
 Location relative to cooling towers (in the prevailing wind direction); 
 Sites where coolers are cleaned by water-jetting; 
 Expansion loops; 

Photo 1: Pitting in aluminium heating coil of caprolactam railtanker under PUR 
insulation. 
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 Apparatus with Sprinkler systems; 
 Apparatus affected during fire-fighting drills; 
 The lowest point of a sloped pipeline; 
 Installing of (steam) trace lines without use of spacers; 
 Location of clamps; 
 Location of valves in pipelines. 

 
Passages through the insulation (see Figure 1) or places where the insulation cover is damaged, for 
example at pipe supports are particularly vulnerable. 
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Other critical areas are T-joints (at 500 mm to all directions), bends at the bottom of vertical line 
sections, drain pipes (dead line sections) and line sections at the place where the insulation begins or 
ends (see Photos 2-4). 
 
 
 
 

Figure 1: Passages through insulation are vulnerable for corrosion. 
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Photo 2: Atmospheric corrosion in C-steel T-shape tube. 

Photo 3: Corroded carbon steel drain line of 140 bar (525C) steam line. 
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The critical areas for corrosion under insulation in pipeline systems are shown in Figure 2 (W.I. Pollock 
and J.M. Barnhart).  
 

Photo 4: Serious atmospheric corrosion in vertical C-steel line section at 
points where insulation begins/ends. 
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It has been experienced that chloride stress corrosion cracking in austenitic stainless steel is likely to 
occur at locations of touching (carbon steel) steam trace lines. According to DSM standards steam 
tracers should be installed with use of spacers to avoid hot spots. 
Photo 5 and 6 show examples of chloride stress corrosion cracking in an austenitic stainless steel pipe 
line (X2CrNiMo17-12-3) at location where the steam tracing touched the product pipeline. In this case 
the steam tracing was installed without use of spacers. 
 

 
 
 
 
 
 
 
 

Figure 2: Critical locations for corrosion under insulation. 

Photo 5: Trace line installed without spacer. 



  

 

9 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Stress corrosion cracking in stainless steel pipelines is also likely to occur at locations of clamps in 
case of ingress of water containing (traces of) chlorides. Locations under carbon steel clamps are most 
vulnerable. In the crevice in between the clamp and the pipeline a decrease in pH will occur due to 
hydrolysis of FeCl2 under formation of Fe(OH)2 and HCl. 
Photo 7 shows chloride stress corrosion cracking in an AISI 304L product line. Figure 3 illustrates the 
construction of the clamp of the concerning hanging pipeline. At location of the clamp the pipeline has 
to be wrapped with glass fibre tape or even better with a non absorbing PTFE tape. For stainless steel 
pipelines application of stainless steel clamps has to be preferred. 
 

 
 
 

Photo 6: Chloride SCC in 316 product line at location of touching steam 
trace line. 

Photo 7: Chloride SCC in 304L pipeline under carbon steel clamp 
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6. Economic aspects 
 
Besides SHE (safety, health and environment) aspects economic interests are also at stake. We know 
from a recent experience in large chemical plants atmospheric-corrosion-related inspection and huge 
maintenance appeared to be necessary after about 15 years, at a cost of up to about 5% of the 
investment capital. 
In the mid-eighties a chemical industry was confronted with serious external corrosion in one of its 
ethylene plants. When this plant was constructed in 1970 and 1971 no protective coating had been 
applied to (insulated) carbon steel equipment. A tentative study showed that large-scale inspection of 
equipment and especially of the lines was necessary to ensure that the plant could continue to be 
safely operated.  
This large-scale inspection was started during a maintenance shutdown in 1985. The main focus was 
on (carbon steel) lines, which were selected on the basis of the hazard classification of the medium 
and the operating temperatures. In most cases the lines were taken out, blasted, inspected, coated, 
refitted and insulated (see Photos 8, 9 and 10). The inspection was carried out in several phases over 
a period of four years and involved a total of about 23,000 metres of piping and a large number of 
nozzles and equipment items. 
About 8,000 metres of piping were replaced. The total direct costs of the project carried out in about 5 
years amounted to 28 million Euro (not including production losses). In 1986 the plant was shut down 
for four weeks solely for the purpose of this inspection.  
In another ethylene plant, very serious atmospheric corrosion was observed in the early nineties. The 
situation was so serious that the plant had to be shut down immediately. About 25,000 metres of 
piping was inspected and 115 leak repair brackets were installed at a cost of about 450.000 Euro. 

Figure 3: Clamp construction of hanging pipeline 
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The corrosion in this second plant was mainly observed on field welds. Although protective coatings 
had been applied during the construction of the plant in 1976/1977, the field welds had been left 
uncoated due to time pressure and the coatings had not been applied with sufficient care. The costs of 
bringing this plant up to standard for safe operation again amounted to about 23 million Euro; this 
project was carried out in about 6 years.  
These direct costs broke down as follows: 

 repairs, shot-blasting, coating (50%); 
 scaffolding (20%); 
 insulation (15%); 
 pipe supports (15%). 

The costs of bringing both plants up to the standard for safe operation for the next 15 years are 
illustrated in Figure 4. 
 

 
 
 
 

 
 
 

Photo 8: Overview of part of chemical complex during coating and 
insulation activities. 

Photo 9: Removal of insulation material. 
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Photo 10: Wall thickness measurement. 

Figure 4: Inspection and maintenance costs of bringing two ethylene plants up to the standard for 
safe operation for the next 15 years. 
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This paper is part of Giel’s Corrosion Engineering Guide, a 
valuable asset for any engineer working in a urea plant. 
 
This guide is available via: 
http://www.stainless-steel-world. com/  
Please find the Table of Content of this Corrosion Engineering 
Guide herebelow. 
 
 
 
 
 
 
 
About Giel Notten 
Giel is a true materials and corrosion expert who, 
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gaining his Engineering degree at the Higher 
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joined DSM’s central laboratory. 
He was to remain with the company for the rest of 
his career and held several positions as a 
materials and corrosion expert there. For the last 
twenty years before he retired, Giel worked in the 
Corrosion Department as Managing Senior 
Corrosion Engineer. He has further participated in 
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For Stamicarbon, a subsidiary company of DSM, and licensing DSM’s know-how, he set up 
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He was also involved in the development of Safurex®, the super-duplex stainless steel grade 
(developed by Sandvik in cooperation with Stamicarbon) for application in Stamicarbon urea plants. 
Giel has always enjoyed teaching so, after only five years working in the field at DSM, he already 
began to develop a Corrosion Engineering course. Since then he has taught many young engineers 
from both inside and outside DSM about the ins and outs of corrosion control in chemical plants. He 
was also a board member of NACE Benelux and a member of the Contact Group Corrosion of the 
Dutch Chemical Process Industry and the Studiekern Corrosion of the Dutch Corrosion Society (NCC). 
Since his retirement from DSM, Giel Notten has remained active as a corrosion engineering consultant. 
He has devoted much of his time to passing on his extensive knowledge and experience on the 
complicated topic of corrosion engineering to a new generation of engineers. 
He has done this in the form of numerous corrosion courses and workshops. 
Alongside his professional career, Giel has been very active in local societies and has been a Rabobank 
board member for about thirty-five years, twenty-five years of which as Chairman of the Board. 
Furthermore, he is an active cyclist. Together with his wife, Lianne, he has made trips up to 2500 km 
by bicycle to Santiago de Compostela, Spain and Rome, Italy. 
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