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ABSTRACT 
  Corrosion under insulation (CUI) is a severe problem for 304 stainless steel pressure vessel. This study is to 
identify factors responsible for loss of production due to problems in plant and equipment. The combined action of tensile 
stress with corrosive environment can lead to chloride stress corrosion cracking (CSCC). Chloride stress corrosion 
cracking initiates from sites of localized pitting or crevice corrosion. The initiation of crack is more dependent on chloride 
concentration but less dependent on temperature. However, the growth and propagation of a crack is widely affected by 
temperature and less affected by chloride concentration and pH. In austenitic stainless steel, the main forms of corrosion 
are pitting and stress corrosion cracking caused by chlorides. In this study the influence of operating conditions such as 
chloride concentration, temperature on stress corrosion cracking of austenitic stainless steel will be investigated. Corrosion 
problems arise in situations due to cycling temperatures which vary from below the dew point to above ambient 
temperatures. The investigations will be carried out under thermal insulation, which modifies the local corrosion conditions 
and it has never been investigated to the best of our knowledge. At the end of the research, the conditions where SCC 
occurs will be defined and documented.  
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INTRODUCTION  

Stress corrosion cracking (SCC) of austenitic 304 
stainless steel in chloride environment is a common 
problem in industries [1-3]. Stress corrosion cracking is 
the cracking of a susceptible metal under the mixed 
influence of a tensile stress either residual or applied in a 
corrosive environment [4-6].The understanding of 
cracking mechanism is complex since there are various 
factors that can initiate and propagate crack events. Many 
research on SCC have studied but contributing factors still 
remains unclear. Furthermore reoccurrence of SCC cases 
also due to other reasons such as standards and 
specification are not fully followed as a guidelines in 
industries to avoid such failures. 
               Conditions  required for SCC to occur such  as 
susceptible metal, a specific environment and a tensile or 
residual stress [6]. The combined effect of stress with 
environment are root causes of initiation of crack and 
propagation. The SCC cracks may be intergranular or 
transgranular depending on the materials, stress conditions 
and the environment. Transgranular cracking is the most 
common type in concentrated chloride environment     [7-
9]. This recent case study further will be investigated in 
laboratory to understand the crack appearance. 
               The growth and propagation of a crack is widely 
affected by temperature and less affected by chloride 
concentration and pH [10]. The susceptibility of austenitic 
steels to SCC increases with temperature [11]. Stainless 
steels does not crack in strong chloride environment at 
ambient temperature. [5, 12, 13]. The austenitic grades are 
also effectively immune to stress corrosion cracking in 
water at temperature below about 50 °C. Since hydro static 
testing is usually performed at ambient temperature, the 
problem is unlikely to happen. However, pressure vessels 

are exposed to hot work operation in service and care 
should be taken to avoid excessive temperatures. Stress 
corrosion cracking (SCC) susceptibility laboratory tests of 
U-bend specimens at 43, 85, and 120 °C were tested by Xi 
et al. [14]. Only specimens tested at 43 °C exhibited 
cracking. Exposure of time simultaneously influence to the 
cracking process. More sample found cracked and the 
lengths of cracks were increased. Above 85 °C 
temperature there is no appearance initiation of SCC [7, 
14]. The initiation of crack is more dependent on chlorides 
concentration and less on temperature [9, 10]. 

The main focus of this study is to understand the 
consequences of chloride susceptibility on the stress 
corrosion cracking of austenitic 304 stainless steel. The 
specific objectives includes to understand the SCC failure 
analysis for austenitic 304 stainless steel pressure vessel 
leakage. Simulate the SCC initiation for austenitic 304 
stainless steel in laboratory to determine the effect of 
different concentrations of chloride and temperature. At 
the end of the research, the conditions that could trigger 
SCC will be identified and documented 
 
METHODOLOGY 

A case study was taken to understand stress 
corrosion cracking mechanism on austenitic stainless steel 
304. This leads to an experimental stimulation in 
corresponding to the relevant results obtained from the 
inspection site. 
 
a) Design details 

Material:  AISI type 304L austenitic stainless 
steel Environment: Gas processing plant pressure vessels 
under thermal insulation at north and south plant was 
leaking during operation. Chloride concentration and 
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temperature used is the main contributing factors to the 
susceptibility of stress corrosion cracking in austenitic 
stainless steel 304. 
 
b) Detection of crack and characterizations 

Visual Inspection: Sub-surface cracks were 
identified initially by using simple visual inspection 
method. 

Non-Destructive Testing: Dye-penetrant testing 
used to inspect surface cracks in depth and the crack 
lengths on the vessels was measured. 

Characterization of crack morphology: 
Microstructure, SEM & EDX 
 
c) Experimental design from case study 

Below is the experimental set-up to study the 
stress corrosion cracking contributing factors which is 
chloride concentrations and temperatures on the austenitic 
stainless steel 304 susceptibility. Figure-1 shows the 
schematic diagram of U- Bend sample preparation stages 
as per ASTM G-30.U-Bend sample preparation: A U-bend 
specimen is prepared from a flat bar which bent 180° 
levels as given dimension in Figure-2. A bolt and nuts are 
used to tighten up to sustain a constant strained conditions 
throughout stress corrosion testing. Figure-3 shows the U-
bend sample with dimension (mm) as recommended in 
ASTM G-30. 
 

 
Figure-1. Schematic diagram of U-bend sample 

preparation stages as per ASTM G30 [15]. 
 

 
 

Figure-2. Flat specimen with dimension (mm) [16]. 

 
 

Figure-3. U-Bend test specimen with dimensions (mm)  
[16]. 

 
As reported by ASTM G-39, Standard practice 

for preparation and use of bent-beam stress corrosion test 
specimen. For a better analysis of results, the presence of 
residual stress (before applying external stress) or the total 
elastic stress (after applying external stress) can be 
evaluated by using suitable non-destructive method , in 
this case X ray diffraction method [17]. The three factors 
which contribute to CLSCC is the use of susceptible 
grades AISI 304. It is respect to the yield strength (0.2% 
proof strength), which is from structural or applied as 
residual stresses from fixing or welding working during 
fabrication and commissioning. Test parameters as shown 
below in Table-1. 
                    

Table-1.  Parameters. 
 

 
 
RESULTS & DISCUSSIONS 

Based on the results by non-destructive 
inspection the crack appearance and length has been 
measured. The gas processing plant pressure vessels at 
north and south plant view was leaking during operation. 
Material used is AISI type 304L austenitic stainless steel. 
Table-2 shows the design data for the pressure vessel. 
Figure-4 shows the schematic design of pressure vessel 
tank. 
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Figure-4. Schematic design of Pressure vessel tank.  Note: 
All the dimensions are in mm. 

 
Table-2. Design data for MD-931. 

 

 
 

Based on dye penetrant testing on pressure vessel 
leakage was found from external surface. The pressure 
vessel was with insulation in operation condition. Failure 
of the AISI type 304L stainless steel was by leakage. Dye 
penetrant test was completely carried out at full body and 
at weld of equipment (accessible area). Based on the 
inspections conducted on the external surface, linear and 
rounded indications were found during inspection time. At 
the external surface of the tanks revealed improper 
passivation as a results of dye penetrant testing. Few areas 
was attacked with SCC external surface due to 
atmospheric corrosion. The inspection results, base and 
weld metals affected with pitting and crevice corrosion is 
revealed in Figure-5. 
 

 
 

Figure-5. General view top shell from east plant side.1, 2 
& 3 typical finding as above. 

 
The results indicated presence of stagnant water 

in service which supposed to be drained out after the 
hydrostatic test. In this case, maybe water was stagnant in 
the vessel. The samples of water should be analysis for CI 
contents. At a number of places crevices had formed due 
to weld spatter and excess penetration of weld deposit and 
gap between reinforcement ring and shell surface [18]. 

As the inspection results indicated that the crack 
was found at the top shell. This crack is the same crack 
found during external Dye Penetrant Testing. As shown in 
Figure-6. 
 

 
 

Figure-6. Crack found at internal top tank same location 
as the external surface. 

 
The water should have been stagnant for a period 

of time inside the vessels. However, the corrosion attack 
was only found at the bottom of the inside surface of the 
vessels where water was stagnant. Water with the presence 
of chlorides ions contributed to corrosion at crevices of the 
tank as showed in Figure-7. 
 

 
 

Figure-7. Mapping of crack indication located at North 
plant view (bottom half). 

 
Figure-8 and 9 below shows the inspection 

results of measured crack length indications found on the 
pressure vessel tank. 
 

 
 

Figure-8. Linear crack Indication (North plant view). 
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Figure-9. Linear crack indication (South plant view). 
 
EDX analysis 

The foam was used as an insulator blanket for 
pressure vessel. Energy Dispersive X-Ray Microanalysis 
was examined on the samples. Based on the Energy 
Dispersive X-Ray (EDX) test on the outer and inner 
surface of the foam indicates the foam consists of chloride.  

Mastic adhesive is a very strong bonding material 
mostly used for industrial applications. Derived from resin 
of mastic tree and synthetically manufactured. Three 
different types of mastic available such as liquid, glue, and 
paste form. Mastic can permanently bind many different 
materials together, mostly on hard and non-porous 
surfaces. General weakening and discoloration will 
appears into cracks and crevices after some time. 

The presence of halide ions in this case chloride 
is high in 304L pressure vessel which may have trigger the 
stress corrosion cracking. Analysis has been done on outer 
and inner surface of the foam. Analysis on the mastic has 
been done on top surface. The inspection analysis were 
given in Table-3 and Table-4. The summary of linear 
indication showed in Table-5. 
 
Table-3. EDX analysis for insulator foam-Perlite (wt%). 

 

 
 

Table-4. EDX analysis for Mastic (wt%). 
 

 
 

Table-5. Summary of linear indication length for pressure 
vessel. 

 

 
 
General remarks on external cracks: 
 
  Most cracks were found on external wall of base 

metal, they were mostly on the upper half of pressure 
vessel tank. 

 More cracks appeared on base metal between CS1 – 
CS2 and no cracks were found between CS2 –CS3. 

 Cracks close to nozzle were found only at CS3-CS4.  
 Very minimal cracks were found on internal wall. 
 Only a small number of cracks were found in the 

vessel heads. 
 No preferential orientation of the crack length. 

. 
CONCLUSIONS 
           As a conclusions, to study the parameters which 
causes the initiation of CLSCC. This susceptibility 
affected by environment which includes chloride 
concentrations, temperature, presence of stress, surface 
finish and metallurgical changes of steel. 
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