
 

 
  
Microstructure-corrosion property relationship of TR IP steels by ultrasonic testing  
 
   
  Animesh TALAPATRA,  
Assistant Professor, 
Department of automobile engineering, 
MCKV Institute of engineering  
(Under West Bengal University of 
Technology),243 G.T. Road (N), Howrah, 
Liluah , West Bengal,  India , PIN-711204. 
Phone: (+91)3326549315. 
 Fax: (+91)3326549318  
E-mail:  
animesh _talapatra@yahoo.co.in 

 
Abstract 
Corrosion behaviours of two moderately low carbon high strength low alloy TRIP steels designated as A (having no Cr and Cu 
content) and B (having higher Ni, Cr and Cu content) heat treated at different condition to alter micro-structure phases. Corrosion 
behaviour of TRIP steels were investigated by different electrochemical techniques in neutral solutions containing chloride ions at 
different concentrations. After pre and post corrosion microstructure studies were carried out and measuring sound velocities for 
both longitudinal and transversal waves to arrive at microstructure-corrosion property co-relation. Sound velocity in martensite 
is lower than the one in pearlite, and this one is lower than the sound velocity in ferrite. Thus, sound velocity measurements can 
be successfully used as a non-destructive technique to perform steel’s micro structural characterization. 
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1. Introduction 

Since the ultrasonic properties are affected by changes in the materials microstructures, 
the use of this technique to determine the material’s mechanical, corrosion and 
microstructure properties may be awfully useful in many industrial applications [1,2]. The 
main objective this work is to evaluate the performance of the sonic velocity in different 
microstructures, such as ferrite, pearlite and martensite, of two TRIP steels. 
Measurements of ultrasonic velocities were performed using longitudinal, of 5 and 10 
MHz, and transversal of 5 MHz waves [11, 13]. Development of newer types of low alloy 
high strength corrosion resistance steel has been attempted by many researchers all over 
the world for industrial application in sea atmosphere [10, 7]. The major factors those 
effect the corrosion rate of HSLA steel are i)chemical composition ii) composition of sea 
atmosphere iii) type of exposures and supply of oxygen in corroding surface. In moderate-
Velocity and high velocity sea atmosphere, Ni base alloy is frequently used for pumping. 
It has excellent resistance to cavitations, erosion and exhibits corrosion rates of less than 
0.025mm/year. Other Ni-base alloys containing Cr and Mo offer increased resistance to 
localized corrosion in stagnant sea atmosphere. Sea water is a highly conductive 
environment with 3.4% salt (NaCl) concentration. Approximately 91.1% of the dissolved 
salts are chlorides. There are other commonly occurring constituent, dissolved gases, 
living organisms and various other materials found in sea water. Prior to the development 
of high strength low alloy steels ferrite-pearlite and quenched and tempered steels were 
used in structure where high strength is required. The former steels also known as high 
tensile steels (HTS) have moderate strength (350MPa) and increased strength through 
pearlite strengthening by the addition of carbon up to 0.2%. In 1960’s quenched and 
tempered (Q and T ) steels were developed to improve the performance of industrial 
applications [5,7].Due to higher carbon contents these suffer from poor weldability and 
for this reason new classes of steels having low carbon content and higher alloy elements 
were developed . In the present work due t o  the effect of chloride anion, corrosion 
properties were calculated and the micro structures of post and pre corrosion were 
correlated with corrosion properties. For these investigations conventional 
electrochemical techniques such as potentiodynamic polarization and electro- chemical 
impedance spectroscopy (EIS) were used [17,13]. Both steels have been reported to show 
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significant improvement in both tensile and low temperature impact property when cooled 
at a rate of 50oC/s causing formation of retained austenite at the microstructure and 
further stain induced transformation of γ to martensite, contributing improvement of 
strength, ductility and charpy impact value. Keeping in view of the above study on 
corrosion behaviours to moderately low carbon steel having Si, Mn , Ni, V, Nb, Mo, Cu 
and Cr designed and develop for industrial application in sea atmosphere has been 
attempted in this study[17,15]. No data base being available in literature on the systematic 
study on the effect of corrosion on multi-phase microstructure. Here attempts are being 
made to find out a correlation with post and pre-corrosion microstructure with corrosion 
behaviour of the steels [18, 16]. 

2. Experimental procedures 

2.1 Materials 

Two moderately low Carbon high strength low alloy steels are designated as A and B having 
composition given in Table 1 were supplied by DMRL, Hyderabad. 

 
2.2. Procedure 
2.2.1 Heat treatment 
Steels were heat treated as per schedules as shown in below in Table 2 to develop different 
microstructure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

2.2.2. Microstructure characterizations 
The micro structural characterizations of the steels were carried out using an OLYMPUS 
CK4OM-CP optical microscope. The optical metallographies of all these samples were carried 
out in the usual way. Samples were cut from plates of theses steels. These samples were polished 
on polishing wheel after 1 to 6 (rough to fine) emery papers. The polished surface appeared like 
mirror having no scratches and the etchant was used 2% nital. The washed and dried samples 
were observed carefully in Microscope at different magnification and some selected 
photomicrographs were taken. The phase analyses have been done by using Olysia m3 software. 
Samples were prepared as like as preparation of sample for optical microscope observation. Then 
images were taken in optical microscope. The acquired images of a multiphase object were taken 
for analysis. Phase analysis will be conducted on a gray-value image. The image is selected and 
threshold is set to define the gray value ranges for the separate phases. The OLYSIA software 
created a measurement sheet showing the absolute area and proportional area (in%) of all the 
phases. The measured values are taken. 
 
2.2.3. Electrochemical test 
 
2.2.3.1. Samples and Solution preparation:  
Samples were cut from plates of these steels. These samples were polished on belt followed by 
polishing on polishing wheel with 1 to 6 (rough to fine) emery papers. The polished surface 
appeared like mirror having no scratches. They were then degreased with acetone before exposing 
to the electro-chemical test. Solution of 0%, 0.1%, 1% and 3% NaCl at pH 6.5 were prepared with 
triple distilled water. 
 
2.2.3.2. Polarization Study:  
Samples were taken in an area of 0.204 square cm size coupons for performing potentiodynamic 
polarization studies in de-aerated condition in cells with three electrode configuration and using 
aqueous saturated calomel SCE (W) as the reference electrode and Pt foil as counter electrode. 
Linear sweep voltammetry was preformed with the help of AUTOLAB12PGSTAT, Eco Chemic 
B.V (the Netherlands) at 0.5 mV/s scan rate within the potential range of -1500 mV to the 
cathodic potential of 650 mV vs.SCE. Potential scans were conducted in de-aerated conditions by 
purging the solution with nitrogen for 10min.Tafel analysis was performed to determine the 
corrosion parameters. 
2.2.3.3. Electro-chemical Impedance Spectroscopy:  
EIS at the respective OCP value were recorded with the help of AUTO-LAB 12 PG STAT, Eco 
Chemie B.V (the Netherlands) combined with frequency response analyser (FRA) module. The 
sinusoidal perturbation of 5mV amplitude was applied at the cell over the frequency range of 100 
KHz to 10 MHz EIS measurements were conducted at open circuit conditions after a steady state 
potential was attained in aerated solution of different electrolytes at neutral pH. The experiment 
was performed in three electrode one compartment cell containing the test coupons as working 
electrode, a large area Pt foil as counter electrode and a saturated calomel reference. 
 

2.2.4. Nondestructive testing 
The measurement of the ultrasonic velocities was accomplished using a longitudinal and 
transverse wave transducer [16,12]. The technique used was the pulse echo based on the direct 
contact with the sample. To measure the velocities of longitudinal waves, it was used a normal 
incidence transducer of 5 and 10 MHz. The EPOCH XT ultrasonic flaw detector with its high 
voltage pulse, the quality of its square pulse and selectable narrowband filters is the instrument of 
choice for this technique [11,21].With the values of materials’ densities and ultrasonic velocities 
of longitudinal and transverse waves, the elastic modulus was calculated based on the ASTM E 
494-1995 norm (Measuring Ultrasonic Velocity in Materials) using the equation[15,21]. Elastic 
modulus is related to the inter-atomic forces and hence indicates maximum attainable strength. 
There exists a direct mathematical relationship between elastic modulus and ultrasonic 
longitudinal and shear velocity.  
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2), Fracture toughness KC is given by: KC = √E’. Gc.E’ is the Young’s 
Modulus, Gc is the strain energy release factor [9, 13]. 

3. Results and discussion 

3.1. Microstructure characteristic 

The microstructure characterization was carried out using optical microscope OLYMPUS 
CK4OM-CP JAPAN. Microstructures of the corroded samples were studied by optical 
microscope after electrolytic. 

3.1.1 Pre- corrosion samples 

The optical microstructure of as received condition (A1) reveals mostly polygonal ferrite with 
certain amount of tempered bainite as shown in Fig no-1. The optical microstructure of as 
received condition (B1) reveals mostly tempered bainitic structure with certain amount of blocky 
polygonal ferrite as shown in Fig no-3. The SEM images of as received condition show mostly 
polygonal ferrite(A1).Microstructure with higher magnification reveals a grain boundary 
thickening may be due some carbide precipitation(A1) as shown in Fig no-2.The SEM image of 
the steel in as received condition show mostly, acicular ferrite with some polygonal and quasi-
polygonal ferrite (B1) as shown in Fig no-4.Etching using 0.1%NaCl, 1%NaCl solulation as the 
electrolyte.

 

 

 

 



 

3.1.2. Post corrosion samples 

When the A steel was intercritically annealed and quenched in salt bath for incomplete bainitic 
transformation, following the conventional heat-treatment schedule of TRIP aided dual phase 
steel (A2) as shown in Fig no-5, the microstructure is, as expected, consist of granular ferrite and 
bainite. There must have been some amount of martensite-austenite (MA) constituent. The 
microstructure of the steel continuously cooled with increasing cooling rate(A3) as shown in Fig 
no-7 i.e. decrease in viscosity of the quenching medium, has increased the acicularity of the 
microstructure. the microstructures comprise of mostly acicular ferrite/ bainite with certain 
amount of quasi-polygonal and granular ferrite. When the steel B was heat-treated, the 
microstructure is found to be consisting of acicular ferrite/ bainite with some islands of polygonal 
and quasi-polygonal ferrite (B2) as shown in Fig no-15. The microstructure of the steel 
continuously cooled with increasing cooling rate (B3) as shown in Fig no-17 comprise of low 
temperature transformation product of austenite, mostly acicular ferrite/bainite with some amount 
of granular ferrite. Increase in cooling rate has increased the acicularity of the microstructure with 
some amount of martensite laths could be noticed at the structure with parallel lath groups 
replacing the non-parallel laths of acicular ferrites.A2 and B2 reveals granular ferrite plus bainite 
and granular ferrite plus tempered bainite. A3 and B3 reveals acicular ferrite plus bainite and 
accicular ferrite. A4 as shown in Fig no-10and B4 as shown in Fig no-19 shows ferrite and 
martensite. Finally A5 as shown in Fig no-11and B5 as shown in Fig no-21 reveals ferrite and 
pearlite. Post corrosion microstructures reveal adequate corrosion both in the form of grain 
boundary attack and pitting. All the above microstructure when subjected to image analysing 
system It is seen that high % of martensite and/ or pearlite in ferrite matrix during water and air 
cooling. 
 

 
 
 
 
 



 

   

 

 



 

 
 
3.2. Corrosion Characteristic  
Corrosion results have been shown in Table 3,4,5 & 6. A2 and B2 in 0.1% NaCl shows (as shown 
in Fig.29) that B2 is characterized with a narrow but distinct passive region while in A2 there is 
no such region.In neutral pH when EIS represents dual character A samples are more resistant 
than B samples. With further increase in Cl ion resistance decrease usual .Corrosion current 
/corrosion rate are much   higher for A samples then B ones. Interestingly enough, in case of B2 
and B3 samples corrosion rates are not that significantly accelerated with Cl ion as in case of A 
samples.EIS measurement reveals the Nyquist plot (as shown in Fig.30) where half circles 
diameter represent the circuit resistance of the material. 

      

 

 

 



 

 

 

 

 

 



 

3.3. Nondestructive characterization 
The variation of the longitudinal ultrasonic velocities in frequencies of 5 and 10 MHz,and 
transversal ultrasonic velocity in frequency of 5 MHz for the samples. According to the obtained 
results for the longitudinal and transversal ultrasonic velocities’ values, for 5MHz, it can be noted 
a higher velocity for the ferrite (5934.58 ± 3.88 and 3234.17 ± 1.49) and lower for the martensite 
(5886.84 ± 1.25 and 3183.73 ± 1.72), being the pearlite (5915.47 ± 2.85 and 3230.94 ± 2.19) with 
an intermediate value as shown in Fig no-31. The lowest sound velocity in martensite can be 
explained by high amount of tetragonal lattice distortion. Martensiteis the most random 
transformation product which results in an increase in the elastic anisotropy of the prior grain 
volume. Transformation starts at the austenite grain boundaries, and martensite plates feature 
different lattice orientation with respect to the parent austenite grains. Since austenite grain size 
determines the maximum dimension of the martensite crystals, excessive growth of austenite 
grains is avoided to obtain isotropic properties and small internal stresses[7,9 ]. The velocity in 
pearlite is immediately inferior to the one in ferrite due to an approximation of both in terms of 
density and elastic modulus, and also because of the large amount of ferrite phase that has 
approximately 67.5% of ferrite . The case of the specimens consisting of pearlite-ferrite, the main 
difference in the microstructure is the spacing of the cementite lamellae-ferrite, and content and 
size of ferritic phase. For all types of steels, sound velocity of fine pearlite-ferrite have been 
found lower than that of coarse pearlite-ferrite since the content and size of ferrite in fine pearlite-
ferrite is low and the lamellae spacing is short compared to the coarser one [5,8 ]. After the 
measurements of the longitudinal and transversal wave ultrasonic velocities, was calculated the 
elastic modulus of each sample. Afterward, the results of the metallographic analysis were 
verified by hardness testing. The hardness values of different phases for the steel types 
considered. As expected, the microstructure that has the highest hardness value is martensite 
(814.12HV ± 47.00), followed by pearlite (317.09HV ± 27.58) and ferrite (101.64HV ± 39.31) as 
shown in Fig no-32 . 

 
 

           
 

 
 



 

 
 

 
 

 
 

 

4. Conclusion 
 
According to the results obtained, one can conclude the following: 
 

• The highest ultrasound propagation velocity was observed for ferrite, then for pearlite and 
finally for martensite , both for longitudinal and transverse waves. Microstructure 
contains more low temperature transformation products like bainite and/or martensite and 
other nonequilibrim are more corrosion. This behavior was observed in all frequencies 
used. Ultrasound velocity is mainly affected by the changes in the elastic module of the 
individual grains that is dependent upon the degree of lattice distortion and misorientation 
in the prior austenite grains. Steels in rolled condition are more corrosive in both the case, 
probably due to high dislocation density. 

• The lowest ultrasound propagation velocity verified in martensite is due to the large 
amount of tetragonal distortion of the lattice that increases the elastic anisotropy of 
grains. In the pearlite case, the ultrasound velocity is essentially affected by the gills of 
Fe3C carbon enriched. The value of the associated velocity is just below the velocity’s 
value of ferrite due to an approximation both in terms of density and elastic modulus, and 
also because of the large amount of ferrite phase that has approximately 67.5% ferrite in 
the studied  steel. The lower elastic modulus of the martensite is because for this phase 
was found the lowest values of sonic velocity and density. As high-energy regions are 
prone to corrosion, microstructure having finer grains, that is more grain boundary, has 
less corrosion resistance. 

• In general, the results obtained are promising and can make significant contributions 
within the characterization of materials and control of mechanical properties through non-
destructive testing. Steel containing more Cu, Ni and Cr is less corrosive compared to 
other steels having  same processing or microstructure. 
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