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Preface 

This paper, prepared by Giel Notten of NTT Consultancy is covering the subject Heat Tints on Stainless 

Steels. This part is a describing two cases  and follows the general principals and a theoretical 

background, which was distributed in February 2009 by UreaKnowHow.com. Although the two cases are 

not directly related to the urea process, it shows the detrimental effects heat tints can have and therefore 

also of interest for urea plants. Furthermore for a adequate formation of a passive C2O3 layer on stainless 

steels in carbamate solutions an optimum starting condition of the material is very important, so without 

heat tints. Finally the combination of chloride containing cooling water and stainless steel is typically also 

the case in urea plants. So let us learn some lessons from other processes.
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Case 1- Stress corrosion cracking in duplex stainless steel MVC strippers in a PVC plant.  

Introduction  

Stripper columns in type AISI 316L handling a vinyl chloride slurry with a pH of 2.8 to 3.5 and 20 to 50 
ppm chlorides developed stress corrosion cracking after only a half year on stream. A process flow 
diagram of MVC stripping in PVC plant is shown in Figure 1. The service temperature is about 105 deg. C 
and the pressure 1.05 bar. In late 1986, after eight years in service, the four strippers were replaced by 
similar units in type X2CrNiMoN22-5-3 duplex. 

A year later, in a similar plant, four strippers in X2CrNiMoCuN25-7-3 were installed.   

Occurrence of SCC in duplex stainless steel MVC strippers 

Inspections after eight to twelve months revealed stress corrosion cracking in all strippers. It was 
observed that the welds and zones next to the welds were covered with porous oxide layers due to 
welding without sufficient protective inert gas. Despite strict recommendations in the specification these 
heat tints were not removed. The incidence of cracks in the 22% Cr grade appears to be slightly more 
serious than in the 25% Cr grade.  

Inspections after another year showed that crack formation had practically come to a halt and that there 
had been only little propagation of existing cracks. The cracks originate from the welds and propagate 
into the plate material, perpendicularly to the weld, over a length of maximum 20 mm (Photo 1). 
Remarkable is the presence of heat tints due to welding, despite  necessity of removal of these heat tints 
according to DSM Standard EP 7-1.1 (Surface Protection; Cleaning methods of stainless steels.  
Microscopic examination revealed that the branched cracks progress mainly through the austenite phase 
of the plate material (Photo 2).  

Figure 1 
Process flow diagram of MVC 
stripping in PVC plant. 
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On the photos, the austenite phase is darkish as a result of etching in accordance with LB1 (Lichtenegger 
and Bloech). In weld deposit material, too, cracking propagates preferably through the austenite phase 
albeit less markedly than in plate material (Photo 3).  

       

It is remarkable that cracks are located at the inside surface in and adjacent to the double-sized SAW 
welds (indicated A in Figure 2). The closing seam (indicated B in Figure 2) of the stripper was welded 
from the outside with a GTAW root and SAW filler layers. After two years on stream, this weld did not yet 
exhibit any cracks. 

The double-sized GTAW welds of the nozzles, too, show cracks emanating from the inside surface.  

Photo 1 
Cracking in X2CrNiMoN22-5-3 MVC 
stripping columns 

 

Photo 2 
SCC in austenite phase of  

X2CrNiMoN22-5-3 (etching LBI). 

 

Photo 3  
SCC in weld deposit material of 
stripping columns (etching LBI).  
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It has to be emphasized that the seam welds had not been pickled. We believe this omission promotes 
selective adsorption of chlorides in the porous oxide skin resulting from welding operations. The chlorides 
so adsorbed increase the risk of stress corrosion cracking seriously. 

After some 4 years on-stream in the weld indicated B also cracking was observed  

1 G.T.A.W.
2,3 S.A.W.

A

A

A

B

B

A

1

inside outside

cracking

1,2 S.A.W.

no cracking

2

21 3

1 G.T.A.W.
2,3 S.A.W.

A

A

A

B

B

A

1

inside outside

cracking

1,2 S.A.W.

no cracking

2

21 3 

Constant Extension Rate Testing (CERT) 

A comparative evaluation was made of the susceptibility to SCC of duplex steels and Type AISI 316 steel 
in a calcium chloride environment as a function of pH. These tests were carried out by means of 
computer-controlled tensile testing machines.   

It is remarkable that in the PVC slurry out of the bottom of the stripper with 50 ppm and pH of 2.8 it 
appeared not to be possible to find indications of SCC. Even in (neutral) calcium chloride solutions up to 
25% the relative elongation fails to give any clear indication of SCC. At 40% calcium chloride, a higher 
susceptibility to SCC can be observed at lower pH values. Figure 3 shows the relative elongations at 
fracture of duplexes and Type AISI 316L in a 40% calcium chloride solution in relation to the elongation in 
glycerine, as a function of the pH value. 

Figure 4 shows stress strain curves determined by constant extension rate test (CERT); temperature: 123 
C; e = 10-6 sec-1. 

Out of these CERT results it was concluded the micro environment in the porous heat tints must be much 
more aggressive than the bulk solution due to selective adsorption of chlorides and drop of pH. Due to the 
presence of heat tints the initiation of SCC has been accelerated.   

Figure 2 
Welding process and welding 
sequence in MVC stripping columns. 
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Conclusions 

 

Duplexes may be used in numerous applications to replace common austenitic stainless steels because 
of their superior resistance to SCC or to replace high-nickel alloys and titanium, in which case they 
offer comparable or even better corrosion resistance. 

 

Resistance to chloride SCC at low pH values (about 3) is hardly any better than that of, say, 
X2CrNiMo17-13-2. 

 

Due to presence of heat tints the initiation of SCC has been accelerated. To avoid or minimize the risk 
of SCC heat tints have to be removed.  

Figure 3 
SCC test results by means of CERT in 
40% CaCl2; temperature: 123 C; e = 
10-6 sec-1.  

Figure 4 
Stress strain curves determined by 
constant extension rate test (CERT). 

 

Temperature: 123 C; e = 10-6 sec-1.  
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Case 2 - Microbiologically Induced Corrosion (MIC) in X2CrNi19-11 (304L) cooling water coil in 
NOX absorber of a nitric acid plant  

Introduction 

After completion of a new nitric acid plant a test run with cooling water was performed in the cooling 
water coils of a NOX absorber of a nitric acid plant. This cooling water, originating from the river Maas, 
contains some 50 to 100 ppm chlorides. 

However as a result of a recession the plant start-up was delayed for some 6 months. It was overlooked 
to flush the cooling water coil with demineralised water to remove the chlorides.  

Leakage in cooling water coil due to MIC 

About half a year after the test run with cooling water the delayed plant start-up was finally initiated. 
During this start-up entrainment of nitric acid was observed in the cooling water as a result of serious 
pitting in the X2CrNi19-11 cooling water coils of the NOx absorber. The pitting started from the inside 
(cooling water side) of the coil in an area with abundant porous oxide scaling (heat tints) as a result of 
external field welding as shown in figure 1. Photo s 1, 2 and 3 show the NOx absorber with the cooling 
water in-/outlet nozzles.  

Photo 4 shows the serious pitting attack in the area of the heat tint.  
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Figure 1 
Design of cooling water coil through 
the wall of NOx absorber. 
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Photo 1: NOX Absorber                                                               Photo 2: Cooling water in-/outlet NOX Absorber 

                                                Photo 3: Cooling water in-/outlet nozzles on NOX Absorber  
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Obviously, the heat tints were not removed despite recommendation in the  specification.  

The stagnant cooling water, the presence of the porous oxide scale and the formation of a biological slime 
film in the stagnant cooling water caused the rapid perforation of the coil. It was recognized that this 
extremely rapid pitting attack was influenced by microbiological processes.   

Mechanism of Microbiologically Induced Corrosion  

Microbiologically Induced Corrosion (MIC) is the term used for the failure mode in which the corrosion is 
initiated, propagated and/or accelerated by micro-organisms like bacteria, algae, fungi, etc. Generally, 
the morphology of the failure mode is pitting or a crater type attack. 

MIC is a widely recognized failure mode in water systems, especially in cooling water systems in which, 
generally, sufficient nutrients are present. The build-up of organic and inorganic impurities at the 
solid/liquid interface produces high nutrient environments on fixed surfaces in which certain organisms 
can proliferate. Especially surface adhering organisms replicate in such environments, with the cooling 
water supplying nutrients.  

There are several types of MIC, one of these types being MIC due to increase of the electrode (metal) 
potential under slime formation. 

Aerobically produced biofilms catalyze the cathodic reduction of dissolved oxygen most probably via 
intermediate formation of hydrogen peroxide.  

O2 + 2H+ + 2e 

 

H2O2  

The peroxide is further reduced according to the following reduction reaction: 

H2O2 + 2H+ + 2e 

 

2H2O  

This reduction reaction has a high equilibrium potential (E0 = 1.77 V) and as a consequence the electrode 
potential is raised. This potential is likely to exceed the critical potential for pitting in stainless steel when 
chlorides are present. 

In experiments performed in the laboratories of DSM river Maas water was passed along stainless steel 
electrodes (type AISI 304L, X2CrNi19-11) mounted in two vessels connected in series. In the second 
vessel biocide was added, so the first vessel remained free of biocide. The electrode potential of the two 
electrodes were measured and recorded over time. The results are plotted in Figure 2. 

Photo 4 
Pitting due to MIC in cooling water coil 
of NOx absorber. 
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Potential of SS electrodes in river water vs. time
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The potential of the electrode in the first vessel (blue continuous line) strongly increased after ca. 120 h. 
After 240 h the surface of the electrode was mechanically cleaned by wiping off the slimy layer with tissue 
paper. This lowered the potential only for a short time, and the potential increased almost immediately 
after reinsertion of the electrode. After 280 h a solution of hypochlorite was added to the first vessel. This 
was much more effective, for it kept the potential low during ca. 140 h before it increased again. 

The potential of the electrode (red dashed line) in the second vessel remained low, except for the short 
period of time during the addition of hypochlorite. Apparently, biocide effectively prevents the building-up 
of a high potential.  

The susceptibility of stainless steel to (microbiologically induced) pitting corrosion can be explained by 
means of a cyclic voltamogram as shown in Figure 3. In the cyclic voltammetry experiment the potential 
of the test electrode is shifted relatively slowly and anodically (e.g. at 1 mV/sec) from a low cathodic 
value (e.g. 100 mV below the free corrosion potential). The current increases strongly when the so-called 
pitting potential is exceeded (dependent on type of material, pH and temperature). When the anodic 
current exceeds a preset value (e.g. 1 mA/cm2), the scan direction is reversed and the scan proceeds 
cathodically until the starting potential is reached.  

Even when the potential decreases, the corrosion process continues (often the current even increases) 
because of the increased corrosiveness of the occluded solution. Eventually, the potential becomes too 
low to sustain corrosion and the process is stopped. The potential where the corrosion current becomes 
lower than the passive current is called the protection potential. Usually, the pitting potential is more or 
less well defined, but the protection potential is also dependent of the amount of damage during the 
pitting process. 

With higher chloride content the Epit and the Eprot values decrease and as a consequence the tendency for 
pitting increases. In the porous oxide layer chlorides will be selectively adsorbed and the pH will drop. The 
slime formation led to a rise of the potential of the stainless steel pipe above its critical pitting potential.  

Figure 2 
Potential of 304L stainless steel 
electrodes versus time.   



UreaKnowHow.cow 
Mechanical Paper March2009     

 

11

   
(-

) 
   

   
P

o
te

n
ti

al
   

   
  (

+)

Epit

Eprot

log Current

Without Cl-

With Cl-

(-
) 

   
   

P
o

te
n

ti
al

   
   

  (
+)

Epit

Eprot

log Current

Without Cl-

With Cl- 
  

Conclusions and recommendations 

 

The rapid perforation by pitting of the cooling water coils is due to the stagnant, chloride containing, 
cooling water, the presence of heat tints and the formation of a biological slime in the stagnant cooling 
water. 

 

To avoid or minimize the risk of microbiologically induced pitting corrosion heat tints have to be 
removed.  
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Figure 3 
Schematic cyclic voltamogram for 
pitting and crevice corrosion. 
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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 
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thirtyeight years working with DSM in The 
Netherlands. After gaining his Engineering 
degree at the Higher Technical School of 
Heerlen, The Netherlands, he 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 numerous conferences spreading the 
word about his broad experiences as a corrosion and materials specialist in chemical process 
plants. 
For Stamicarbon, a subsidiary company of DSM, and licensing DSM s know-how, he set up 
programmes for lifetime extension studies in urea and ammonia plants and supervised them. 
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. 

http://www.stainless-steel-world
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