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ABSTRACT 

The comparative study of electro chemical corrosion behavior of maraging steel 

specimens in aqueous media after surface modification by laser irradiation and ion beam mixing 

(IBM) technique was studied. In order to investigate beneficial effects, three sweep potentio-

kinetic polarization techniques were used. It was observed that the critical current density for 

IBM samples at ion dose of 1x10
16

 ions / cm
2
was found to be 2 to 2.5 times less as compared 

with as received laser treated with energy density 1.3J/cm
2
and Cr-deposited laser treated samples 

with energy density 1.8J/cm
2
. The large reduction in critical current density and increase in 

passive potential for IBM specimens were observed. The SEM microphotograph of laser treated 

and IBM specimens conformed that the stable passive region and galvanic cells were not formed, 

but the decrease in surface area took place, which in turn caused reduction in the current density 

with increase in corrosion resistance of both specimens. 
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 INTRODUCTION 

In view of the limitations of the conventional techniques for prevention or reduction of 

corrosion, several new techniques have been devised and used in recent years to obtain suitably 

modified solid surfaces such as Laser irradiation and Ion Beam Mixing (IBM) [1, 2]. These have 

many advantages as follows. 1) These are non equilibrium techniques. 2) The controlled surface 

modification can be achieved. 3) Metastable phases having newer features can be synthesized. 4) 

The surface being a communication link between the bulk of a material and its environment, the 

bulk of a material can be saved by appropriate surface modification. 5) The mechanical 

properties of a material to be processed are preserved. Prior to present work, numbers of 

observations have been reported in the literature which suggested that ion implantation and Laser 
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irradiation could have significant effect on corrosion behavior. The effect of laser re-melting of 

surface cracks on microstructure and residual stresses in 12Ni maraging steel showed 

improvement in characteristic behavior [3]. The surface modification of different metals by low 

as well as high power lasers can reduce corrosion; improve adhesion and strength [4]. It was 

shown that LSM improved the resistance of an Al-1% Mn alloy to general corrosion but did not 

improve its resistance to pitting corrosion [5]. It seemed that no one have studied  corrosion 

behavior of maraging steel using laser irradiation and depositing Cr+ ions by using buffer 

solution in a systematic way.  

The studies have revealed that the corrosion rate of both aged and annealed samples 

increase with increase in temperature and increase in concentration of phosphoric acid in the 

medium [4]. The preliminary work of Ashworth et al. indicated that the implantation of high 

purity iron, aluminum and copper with various ions significantly affected the potentiostatic 

polarization behavior of the base metals [1]. 

Therefore, it seemed appropriate to undertake a more systematic and detailed 

comparative study of the effect of laser irradiation and Ion Beam Mixing on the corrosion 

behavior of a particular metal or metal alloy 

Maraging steel is a class of high strength steel of very low carbon content [6]. The 

properties of maraging steels clearly indicate that these steels have many potential applications in 

mechanical components of electro-mechanical data processing machines, Rocket motor cases, 

and landing gear components machine tools, die applications etc. The search in the literature 

reveals little study being reported on corrosion behavior or inhibition studies on Maraging steel 

(250) grade using modern techniques. 

The comparative study of electro-chemical corrosion behavior of laser irradiated and Ion 

Beam induced atomic Mixed maraging steel samples in the sodium acetate, acetic acid buffer 

solution (pH 7.3); by using three sweep potentio-kinetic polarization technique have been 

reported in the present paper. 

 

EXPERIMENTAL  

 

Preparation of samples  

As-received laser irradiated and Cr-deposited laser irradiated 

 Laser irradiation of the samples was carried out using Q-switched Ruby Laser (λ = 694 

nm, pulse duration = 30 ns). Both as-received and Cr-deposited specimens were laser irradiated 

having Laser energy of 0.6 J and 1.8 J. 

 Ion-beam mixing was carried out on Cr-deposited specimens, by using 25 keV Kr
+ 

at the 

dose of 1 X 10
16 

ions/cm
2. 

The same procedure as that of implantation was followed to achieve 

ion-beam induced atomic mixing [3, 4]. 

 In the intervals between polishing and surface modification and between surface 

modification and subsequent use, the specimens were stored in desiccators.  

 

Electrochemical Corrosion behavior 

   In all these electrochemical measurements, a three sweep potentio-kinetic technique 

adopted by Ashworth et al. was used in order to avoid the effect of air-formed oxide film on the 

specimen surface. However for simplicity only third positive going sweep is shown in all figures. 

The characteristics critical current density and passivating potential parameters were determined. 
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These two parameters are an overall indication of the relative general corrosion behavior of any 

material [1]. 

 

Buffer solution 

 The solution used was a deaerated sodium acetate/ acetic acid buffer (pH 7.3). This 

solution is sufficiently blend to prevent complete dissolution of the laser irradiated and implanted 

surface, during anodic sweep, and the potentio-kinetic polarization curves were found to show 

reproducible anodic and cathodic currents.  

 

Plots by X-Y Recorder 

Potentiokinetic polarization curves were obtained by using X-Y Recorder.  

 

SEM PHOTOGRAPHS 

 The Scanning Electron Microscope (SEM), Model No. JEOL JSM 6360 A was used to 

obtain SEM photographs of the specimens concerned. 

 

 RESULTS AND DISCUSSION 

 

The following different groups of maraging steel samples were studied for comparative study of 

electro chemical corrosion behavior.  

a. As-received specimen + laser irradiation (1.3 J/cm
2
) (as-received laser irradiated 

specimens). 

b. Cr-deposited specimen + laser irradiation (1.8 J/cm
2
) (Cr-deposited laser irradiated 

specimens) 

c. Cr-deposited specimens + Kr
+
 ion implantation (1 x 10

16
 ions /cm

2
) (IBM specimens).     

Initially all the types of corrosion behaviors of above specimens at different laser 

energies and ion dose rates were studied. Due to specific results and importance only typical 

potentio-kinetic polarization behavior of above mentioned specimens have been shown in Fig. 1, 

2 and 3 respectively.  The mean values of the passive potential and critical current density at the 

point G for various processed surfaces are given in Table-1. 

 

Table-1:-Mean values of the passive potential and current density for various processed surfaces 

of Maraging steel. 

 

Parameter Specimen Laser irradiation Ion Beam Mixing 

 As-

received 

Cr-

deposited 

As- received 

Laser 

irradiated 

1.3J/cm
2
 

Cr- 

deposited 

Laser 

irradiated 

1.8J/cm
2
 

Ion dose 

1x10
16 

ions/cm
2 

Critical current 

Density(µA/cm
2
) 

 

99 

 

74 

 

29 

 

32 

 

13 

Primary passive  

Potential (mV) 

 

-545 

 

-470 

 

-472 

 

-490 

 

-261 
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Fig.1: corrosion behavior of the as-received laser treated specimens 

   Fig.2: corrosion behavior of the Cr-deposited laser treated specimens. 

 

            The corrosion behavior of specific as received laser irradiated (1.3J/cm
2
), Cr-

deposited laser irradiated (1.8J/cm
2
), and ion beam mixed samples (1 x 10

16
 ions /cm

2
) was 

studied. Their corresponding critical current densities were 29, 32, and 13 µA /cm
2
 respectively.  

The active to passive transition took place at -472, -490, and -261 mV values of electrode 

potentials. 

                                  

                             Fig.3: Corrosion behavior of ion beam mixed sample 
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In case of as-received laser treated sample with energy 1.3 J/cm
2
 and Cr- deposited laser 

irradiated sample with energy 1.8 J/cm
2
, the current density was decreased by an  order of three 

times as compared to that of the as-received specimens and two times that of Cr-deposited 

specimens [7]. This clearly indicated that the corrosion resistance of particular laser treated 

specimen’s increased. It confirmed that surface modification at this dose rate can avoid stress 

cracking and new phase formed prevents surface from corrosive environment in a larger way [4, 

5] [8]. The major difference between the two curves is the hump on the positive potential side of 

the anodic loop of the Cr-deposited laser treated specimen, which indicates that passivating film 

breakdown occurs more easily on the Cr-deposited treated specimen.  

It was observed that the oxide film dissolution mechanism remains unchanged and the 

critical current density for IBM samples was found to be 5 to 6 times less as compared with as 

received and Cr-deposited samples at ion dose of 1 x 10
16

 ions /cm
2 

and 2 to 2.5 times less as 

compared to laser treated specimens [7]. This attributes to very high corrosion resistance of IBM 

specimens.  

The large reduction in critical current density and increase in passive potential for all 

IBM specimens were observed as compared with the as received and Cr-deposited samples. It 

was noted that ion dose required to form a concentrated alloy is almost two orders of magnitude 

lower in IBM than that required in the direct implantation method, which showed the slight 

sputter phenomenon of ion beam mixed maraging steel sample. Most of the Chromium ions are 

mixed deep down the surface. 

The anodic polarization diagrams for the Cr deposited and IBM samples showed that 

polarization curve is predominantly influenced by the Cromium. The IBM samples showed 

marked reduction in critical current density for passivation. When surface alloy formation takes 

place a sevenfold reduction in the critical density was achieved. Ion beam mixing with chromium 

wass also seen to increase the resistance of the maraging steel to pitting in sodium acetate-acetic 

acid buffer solution. The extent of positive shift in the protection potential indicates that the pits 

found in the IBM specimen are of the order of the thickness of alloy.   

Scanning Electron Microscope photographs of the above specimens have been shown in 

Fig. 1, 2 and 3. Some of the graphical results were confirmed by using the surface morphological 

photographs.  

                             

                          Fig.4: SEM of as-received laser Irradiated sample                                   

                          Fig. 5: SEM of Cr-deposited laser irradiated sample 
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                      Fig.6: SEM image of IBM treated sample before corrosion test                                           

                       Fig.7: SEM image of IBM treated sample after corrosion test 

 

   The SEM microphotograph of as-received laser irradiated maraging steel sample as in 

Fig.1 and Cr-deposited laser irradiated maraging steel sample at 1.8 J/cm
2 

as in Fig.2 clearly 

showed slight roughness and pits at the surface. Most of the Chromium ions are mixed deep 

down the surface. The surface morphology changed much as compared to as received laser 

irradiated samples [4]. It has previously been shown that the oxide film on untreated iron 

chromium alloys cannot be completely reduced cathodically [8]. Since the oxide films on both 

the treated samples are approximately of equal thickness, the lower cathodic and anodic currents 

on the Cr deposited specimen’s most likely result from a lower ionic and electronic conductivity 

of the oxide, due to its enrichment in chromium. The lower conductivity is also the reason that 

the oxide on the Cr-deposited treated sample cannot be reduced. The laser irradiation on the as 

received specimens introduces strains and defects into the melt layer, resulting in faster pit 

growth and a change in pit morphology compared to that observed for the Cr-deposited laser 

irradiated specimens. 

When IBM samples were treated at ion dose of 1 x 10
16

 ions /cm
2
 under electrochemical 

corrosion behavior in the buffer solution of pH 7.3, the SEM photograph shown in Fig.5 was 

obtained. The crystallographic pits in the implanted specimen nucleate on ridges, where melt 

spot overlap. Nucleation most likely occurs at points of stress that arise at the sites exposed to 

multiple events. As these pits grow, their bottom becomes flat. The smaller of the two pits has a 

flat bottom, while the larger one is flat at its periphery but has deepened slightly in the center and 

appears to be changing its morphology as it deepens. This phenomenon of reduced growth rate 

normal to the surface and change in morphology was also observed when this alloy with a 

mechanically polished surface was pitted under the same conditions. In the present study, the 

IBM surface was deformed or damaged by transient thermo mechanical stresses that introduced 

defects, like those caused due to mechanical polishing [9]. As a result pitting occurs at a faster 

rate with a different morphology in the melt layer than in the annealed bulk [10, 11]. The depth 

of the smaller pit is similar to the melt depth. Surface morphology of the samples clearly showed 

the roughness and few pits at the surface due to clinging of the some Cr-ions at the interface. The 

very pronounced effect of chromium enrichment found at the deeper levels for surface alloy may 

be responsible for pit growth arrest, leading to shallower pitting. 
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CONCLUSIONS 

 

From all the above results, it is possible to conclude that,  

1. As received laser irradiated samples at dose rate of 1.3J/cm
2
 have highest corrosion 

resistance compared with Cr-deposited laser irradiated specimen. 

2. IBM samples treated at ion dose of 1 x 10
16

 ions /cm
2
 have highest corrosion resistance 

compared with as received, Cr-deposited, as received laser irradiated, Cr-deposited laser 

irradiated [7]. 

3. IBM technique is superior to the laser irradiation technique for surface modification and 

alloy formation. 

4. It had been shown that improvements in general and localized corrosion resistance of 

maraging steel in sodium acetate-acetic acid buffer solution can be achieved by ion beam 

induced atomic mixing with chromium. 

5. The modification of maraging steel surface without any impurity addition, alloy 

formation and improvement in corrosion resistance is possible by using LASER technique. It 

seemed that the LASER technique is simplest, easily controllable and cost effective technique 

than surface deposition and ion beam induced atomic mixing techniques. As being optical 

technique, it does not add impurities to the metal or metal surface concerned. 
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