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Summary 

One main condition for atmospheric corrosion  or corrosion under insulation to take place is moisture. 
Moisture which penetrates the insulation may originate from: 

• Rain water 
• Vapour resulting from “breathing” due to cyclic temperature changes, followed by dew 

formation 
• Increased water exposure resulting from: 

 - nearby cooling towers 
 - water-jetting of heat exchangers 
 - fire-fighting drills 
 - sprinkler installations 
 - leaking trace lines 

•  
Atmospheric corrosion or corrosion under insulation can have the following forms: 

• Overall corrosion (crater-like attack at critical area’s) 
• Stress Corrosion Cracking 

 - carbon steel:   NO3
- - ions 

 - austenitic SS:   CI- - ions 
 - copper alloys:  NH3 

 
In the UreaKnowHow.com Mechanical Paper of December 2009, an example of Nitrate Stress 
Corrosion Cracking has been discussed.  The UreaKnowHow.com Mechanical Paper of January 2010 
discussed two examples of overall corrosion, which in fact were a crater-like attack at critical areas 
such as at the lower elbow of a vertical line or under  behind a clamp. This Paper again discusses a 
case of Nitrate Stress Corrosion Cracking, now in an ammonia plant. 
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Description of the system 

The effluent gas of the ammonia converter is cooled in a series of heat exchangers. The operating 
pressure in the synthesis gas system is about 220 bar. 

The synthesis loop system is illustrated schematically in Figure 1. 

 

Figure 1: Schematic synthesis loop system 

 

First, the gas is cooled in two parallel steam generators and two parallel boiler feed water pre-heaters. 
The two parallel gas streams next join in a single line for exchange against converter feed gas. After 
passing this series of exchangers, the gas stream again splits into two parallel paths and enters the 
converter effluent coolers. These effluent heat exchangers are cooled with cooling water.  
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Case history 

A leak developed in tubes of one of the four water coolers in the synthesis loop. The leak in the carbon 
steel tubes was due to pitting from cooling water side. This leak was noticed through the increased 
ammonia content of the cooling water and the difficulties to maintain the desired pH of the circulating 
cooling water. 

In order to maintain the desired pH of the cooling water larger quantities of nitric acid had to be 
added. 

To prevent build-up of a gas pocket in the leaking exchanger, resulting in restriction of the cooling 
water flow, a two inch vent was installed on the water outlet of the cooler. 

With the gas escaping from the vent also a certain amount of cooling water was blown out forming a 
fine mist resulting in wetting of the insulated shell and heads of the adjacent feed/effluent heat 
exchangers. 

Some ten months after installing the vent it was noticed that the shell head flange of one of the 
feed/effluent heat exchangers was leaking. During retightening of the stud bolts it appeared that one 
of them was broken. 

The fractured bolt is shown in photo 1.  

 

Photo 1: Ruptured stud bolt. 

Non destructive testing revealed that also other bolts contained cracks.  



  

 

4 

Microscopic examination revealed that the fracture was caused by stress corrosion cracking. The 
microspecimen showed a lot of branches and a fine network of intergranular fissures in the tempered 
martensitic matrix as shown in photos 2 and 3. 

 

Photo 2: Branched cracking in stud bolt 

 

 

Photo 3: Intergranular fissures in the tempered martensitic matrix of the stud bolt material   
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Chemical analysis of the adhering corrosion product revealed a nitrate content of 6300 ppm. It was 
clear that the cracking was caused by nitrate stress corrosion cracking. 

By means of magnetic particle inspection also severe cracking was found in the weld connecting the 
nozzles of the two heat exchangers (see Figure 2). 

 

Figure 2: Cracking in weld connecting the nozzles of the two heat exchangers 

 

Further examination did indicate more cracks in the weld between the channel and the nozzle as 
shown in Figure 3. The cracking propagates into the channel material.  

The heat exchangers were stress relieved so it has to be concluded that nitrate stress corrosion can 
occur even in stress relieved equipment. 
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Figure 3: Cracking in weld between channel and nozzle.  

 

It was found that the crack at the transition of the nozzle to the channel  nearly penetrated over the 
full wall thickness of the channel. Even more alarming was the fact that microscopic examination of 
this crack showed  that the character of intergranular stress corrosion cracking had changed into a 
transgranular cleavage fracture as shown in photo 4. This indicated that the extent of the fissuring of 
the channel was close to unstable fracture extension. 
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Photo 4: Transgranular cleavage fracture of the crack at the transition of the nozzle to the channel  

 

Extent of damage 

 The extent of damage was very severe. 

 Both heat exchangers had to be dismantled and sent to the manufacturer for repair. 

 The failure caused a shutdown time of 40 days. 

 

Learning points 

 Nitrate stress corrosion cracking can occur even in stress relieved equipment. 

 Wetting of insulated equipment operating in a temperature range of about 50 to 240oC, with 
contaminated water is very dangerous. 

 

Recommendations 

 Apply adequate protective coating underneath insulation material. 

 Avoid wetting or, if unavoidable, take care of watertight insulation cover sheeting (especially at 
nozzles). 
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Giel has written the 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. 
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