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Abstract— In most industries Austenitic stainless steels 

equipment fails due to intergranular stress corrosion cracking 

(IGSCC) in long service life of equipment. IGSCC is due to 

the formation of chromium carbide along the grain boundary 

at temperature of 500°C to 800 °C during welding. Chromium 

carbide formation cause chromium depletion below 13 wt. % 

mainly in heat affected zone(HAZ). But when this welded 

stainless steels in which chromium carbide already exists are 

used in industries at temperature below 500°C, chromium 

carbide grow and cause more chromium depletion called Low 

Temperature Sensitization. Failures of equipment like 

furnace tube, compressor blades etc. is due to LTS. To 

increases the resistance for sensitization, stainless steels 

containing low carbon are used. Because of low carbon, 

formation of chromium carbide is also less and minimized the 

sensitization. In this paper, the optical metallography of 

austenitic stainless steel is done to study chromium carbide 

depletion. This is done by using low temperature sensitization 

heat treatment.    
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I. INTRODUCTION 

Stainless steels are class of steels which do not rust in the 

atmosphere as most other steels do. The term “stainless” 

means a resistance to staining, rusting or pitting in the air. For 

the stainless property it is essential that minimum 13 wt. % 

chromium be present “in solution” in steel. Apart from Fe and 

Cr, other alloying elements like Ni may also be present. 

Depending upon the room temperature microstructure 

obtained on air cooling from austenitic region, three types of 

stainless steels are: ferritic stainless steels, martensitic 

stainless steels and austenitic stainless steels. Among them 

austenitic stainless steels are the largest group of stainless 

steels. Due to the excellent corrosion resistance it can be used 

in chemical and nuclear power industries.  

During fabrication process like welding, austenitic 

stainless steels is heated to any temperature between 500 ºC 

to 800 ºC and is slowly cooled, chromium carbide gets 

precipitated along the grain boundaries.  

This chromium carbide precipitation requires a large 

amount of chromium in a short time. Hence all the chromium 

for this precipitation is drawn from a localized region near the 

grain boundary leading to subsequent chromium depletion in 

the vicinity of the grain boundaries. This phenomenon is 

called sensitization.  

It has been observed that the carbides nucleated by 

short exposure in the sensitization temperature range can 

grow when heat treated at temperature well below 500 °C, 

causing severe degree of chromium depletion. This 

phenomenon is known as Low temperature Sensitization 

(LTS).Although the number of carbides remained the same, 

the area of the carbide increased due to exposure to low 

temperature service condition. Failure of material due to this 

phenomenon can occur in many areas like furnace tubes in 

petrochemical industries, impeller blade of centrifugal pump 

in coke plant etc.  

 Due to this low temperature sensitization, many 

industries cause serious failures problem like intergranular 

stress corrosion cracking (IGSCC) mainly in heat affected 

zone (HAZ). These failures have significant economic 

consequences and potential safety implications in many 

industries. Wide variety of piping systems have been affected 

including recirculation, residual heat removal, isolation 

condenser and control rod drive return lines. The large 

number of pipes exhibiting cracks has prompted replacement 

of the entire recirculation system in some plants.  

In early periods, cracks were developed in small 

diameter pipe, but now day’s large diameter pipes also cracks 

due to IGSCC (Kekkonen T. et. al 1985, Schmidt G. et. al 

1987). To minimize the effect of sensitization low carbon 

stainless steels are used. Low temperature sensitization 

kinetics develops at temperature of 288 °C in industry which 

is very slow. Hence, laboratory heat treatment condition for 

LTS at 500 °C was used to simulate service life at 300°C. 

This condition was simulated by using the Arrhenius equation 

which is the relationship between time, temperature and 

activation energy (Povich M.J. et.al 1978). Effect of various 

alloying elements on low temperature sensitization kinetics 

have also been investigated (Cragnolino G. et. al 1982, 

Bruemmer S. M. et. al 1994). Also the effect of cold working 

on low temperature sensitization have been investigated 

(Singh R. et. al 2001, Kain V. et. al 2004).  

During welding residual stresses developed in HAZ 

which are tensile or compressive in nature. Residual stresses 

can be tensile or compressive depending up on the location 

and type of non-uniform volumetric change taking place due 

to differential heating and cooling.  

II. OPTICAL METALLOGRAPHY 

Optical metallography is one of the most common materials 

characterization techniques, uses visible light to magnify 

structural features of interest. It includes the optical methods 

to evaluate micro and macrostructure and relate it to process 

conditions and material behavior. It covers the steps involved 

in sample preparation, including sectioning, mounting, 

grinding, polishing, and etching, and presents several 

examples of macro and microanalysis on various metals and 

alloys. Optical microscope is used to observe the 

microstructure of austenitic stainless steel. 

A. Specimen preparation  

The first step in metallographic analysis is to select a sample 

that is representative of the material to be evaluated. This step 

is critical to the success of any subsequent study. The second, 

equally important step is to correctly prepare a 

metallographic specimen. The region of the sample that is of 

interest must be sectioned from the component. Each of the 

samples would be mounted to facilitate handling. Selected 
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surfaces would then be ground flat, polished, and etched to 

reveal the specific structure or structures of interest. 

B. Sectioning 

Sectioning of a metallographic sample must be performed 

carefully to avoid altering or destroying the structure of 

interest. Sectioning is done on lathe machine.  

Heat is generated during cutting, and the material 

just below the cut surface is deformed. To minimize burning 

and deformation, a lubricant or coolant is typically used. Wet 

cutting yields a flat relatively smooth surface. The harder the 

specimen, the shallower the depth of damage. This damaged 

layer must be removed by grinding. However, before the 

specimen can be conveniently ground, it often must be 

mounted.  

 

C. Mounting 

Mounting facilitates handling of the specimen. A procedure 

that does not damage the specimen should be selected. 

Because large specimens are generally more difficult to 

prepare than small ones, specimen size should be minimized. 

Standard or typical specimen mounts are right circular 

cylinders 10 to 20 mm in diameter.  

 
Fig. 1: Schematic of a mounted specimen 

Mounting mediums should be compatible with the 

specimen regarding hardness and abrasion resistance. 

Mounting involves placing the specimen in a mold and 

surrounding it with the appropriate powders. Once the 

powder sets, mounts can be removed from the mold. 

 
Fig. 2: Actual mounted specimen 

 

D. Grinding 

Surface layers damaged by cutting must be removed by 

grinding. Mounted specimens are ground with rotating discs 

of abrasive paper, for example wet silicon carbide paper. The 

coarseness of the paper is indicated by a number: the number 

of grains of silicon carbide per square inch. So, for example, 

180 grit paper is coarser than 1200. 

The grinding procedure involves several stages, 

using a finer paper (higher number) each time. Each grinding 

stage removes the scratches from the previous coarser paper. 

This can be easily achieved by orienting the specimen 

perpendicular to the previous scratches. Between each grade 

the specimen is washed thoroughly with spray water to 

prevent contamination from coarser grit present on the 

specimen surface. Typically, the finest grade of paper used is 

the 1200, and once the only scratches left on the specimen are 

from this grade, the specimen is thoroughly washed with 

water, followed by alcohol and then allowed to dry. The 

drying can be made quicker using a hot air drier. 

 
Fig. 3: Grinding paper 

 
Fig. 4: Coarse grinding machine 

E. Polishing 

Polishing discs are covered with soft cloth impregnated with 

abrasive diamond particles / alumina AL2O3 and an lubricant. 

Particles of two different grades are used : a coarser polish - 

typically with diamond particles 6 microns in diameter which 

should remove the scratches produced from the finest 

grinding stage, and a finer polish  typically with diamond 

particles 1 micron in diameter, to produce a smooth surface. 

Before using a finer polishing wheel the specimen should be 

washed thoroughly with warm soapy water followed by 

alcohol to prevent contamination of the disc. 

Mechanical polishing will always leave a layer of 

disturbed material on the surface of the specimen. Electro 
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polishing or chemical polishing can be used to remove this, 

leaving an undisturbed surface. 

 
Fig. 5: Rotating disc polishing machine 

F. Etching 

Etching is used to reveal the microstructure of the metal 

through selective chemical attack. In alloys with more than 

one phase etching creates contrast between different regions 

through differences in topography or the reflectivity of the 

different phases. The rate of etching is affected by 

crystallographic orientation, so contrast is formed between 

grains, for example in pure metals. The reagent will also 

preferentially etch high energy sites such as grain boundaries. 

This results in a surface relief that enables different crystal 

orientations, grain boundaries, phases and precipitates to be 

easily distinguished. 

The specimen is etched using an oxalic acid reagent. 

The specimen should then immediately be washed in alcohol 

and dried.  

 
Fig. 6: Oxalic acid set up 

 
Fig. 7: Oxalic acid set up 

Following the etching process there may be 

numerous small pits present on the surface. These are etch 

pits caused by localized chemical attack, and in most cases 

they do not represent features of the microstructure. They 

may occur preferentially in regions of high local disorder, for 

example where there is a high concentration of dislocations. 

If the specimen is over etched, i.e. Etched for too long, these 

pits tend to grow. 

G. Heat treatment  

Hast treatment to austenitic stainless steel is done at different 

temperature and load conditions in muffle furnace.t 

 
Fig. 8: Muffle furnace 

H. Optical Microscope  

An optical microscope of 250X & 500X magnification is used 

to observe the microstructure of SS 304 which shows 

chromium carbides formation. The following diagram shows 

main components of basic optical microscope. 

 
Fig. 9: Optical microscope 
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Fig. 10: Optical microscope showing microstructure 

I. Optical Micrograph  

The microstructures are observed through eye piece 

& same can be viewed on computer screen through an 

interactive software as shown in fig.   

To study the microstructure of as received material 

and sensitized material ASTM A262, Practice A, Oxalic Acid 

Etch Test is carried out to determine classification structure 

of austenitic stainless steels. The oxalic acid etch test is a 

rapid method of screening specimens of certain stainless steel 

grades which are essentially free of susceptibility to 

intergranular attack associated with chromium carbide 

participates. After oxalic acid test, the etched surface is 

examined on metallurgical microscope at 250X to 500X. The 

etch structures are classified into step, dual and ditch 

structures.  

1) Step Structure:  

Steps only between the grains, only between grains, no 

ditches at grain boundaries as shown in fig 11 at 500 X 

magnification.  

 
Fig. 11: The etch structures for oxalic acid test Step 

Structure 

2) Dual Structure:  

Some ditches at grain boundaries in addition to steps, but no 

single grain completely surrounded by ditches as shown in fig 

12 at 250 X magnification  

 
Fig. 12: The etch structures for oxalic acid test   Dual 

Structure (250X) 

3) Ditch Structure:  

One or more grains completely surrounded by heavy attack 

due to the presence of carbides / chromium depletion regions 

at grain boundaries as shown in fig. 13 at 500X magnification 

 
Fig. 13: The etch structures for oxalic acid test Ditch 

Structure (500X) 

J. Result 

Microstructural characterization by Oxalic acid etch test 

The microstructures of differently heat-treated types 304 

stainless steels obtained after the oxalic acid etching test, 

according to ASTM A262, Practice A, are shown in figures 

1) The microstructure of solution annealed types 304 

stainless steels 14 a and Fig 14 b shows “step” structures 

(steps only between grains, no attack during the etching 

on any carbides/chromium depletion regions, i.e., ditches 

at grain boundaries). 

 
a   b 

Fig. 14: Optical micrographs of type 304 stainless steels for 

as received condition (a) (250X) Magnification (b) (500X) 

Magnification 

III. CONCLUSION 

The microstructures observed under optical microscope 

shows the chromium carbides which shows different form of 

microstructure for SS 304 as Step structure, Dual structure & 

Ditch structure. 

Most of the structures observed are of 250X & 500X 

magnification i.e. 55.7 µm and 22.8 µm.  
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