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  Electrofabrication of multilayer Co-Ni alloy coatings were accomplished successfully on mild steel (MS) for better corrosion protection. Multilayer comprised of alternatively formed ‘nano-size’ layers of Co-Ni alloy of different composition have been produced from single electrolyte having Co+2 and Ni+2 ions using modulated (i.e. periodic pulse control) current density. The deposition conditions were optimized for both composition and thickness of individual layers for best performance against corrosion. The process and product of depositions were analyzed using cyclic voltammetry and SEM, PXRD, Hardness Tester, electrochemical AC and DC methods, respectively. The corrosion behavior of multilayer coatings was found to be improved drastically when the thickness of individual layer approached nano regime. The coating having 300 layers, deposited at cyclic cathodic current densities of 2.0 and 4.0 Adm-2 was found to show the least corrosion rate (CR = 0.02 mmpy) compared to monolayer (Co-Ni)4 alloy coating (CR = 2.8 mmpy) deposited from the same bath for same deposition time. Drastic improvement in the corrosion performance of multilayer coatings were explained in the light of changed kinetics of mass transfer at cathode and increased surface area due to layering, respectively.
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    1.1 Introduction


    Modern materials synthesis demands high degree of process control and less cost of its large scale production. Electrodeposition technique offers such sophistications to new age process designers and hence is the most sought after technique for production of coating materials. In this direction, compositionally modulated multilayer alloy (CMMA) coatings have received increasing attention because of their unique properties. These materials comprised of alternating layers of different metals and/or alloys are expected to exhibit unusual and enhanced electrical [1], optical, magnetic, and mechanical properties [2,3] when the layer thickness is confined to the nanometer scale. The multilayer coatings have been most frequently prepared by dry processes in the gas phase, e.g. vacuum evaporation, sputtering and molecular beam epitaxy (MBE) because of the advantages such as high control of film growth and purity of material achievable. These techniques inevitably require high vacuum and/or temperature [4]. However, the electrodeposition being a wet process in solution phase, it has general advantages such as lower cost as well as in reduced stress on the environment compared with gas phase techniques. In addition, electrodeposition is a low temperature process in many electrolytes, work below 80ºC. This, in turn, prevents an inter-diffusion of layer during deposition so that the multilayer can be expected to have a more clear-cut interface than those prepared by dry processes, which are often difficult to operate at a low temperature range. Another advantage of electrodeposition is the high deposition rate which makes it possible to deposit a thick film in short time [5].


    There are mainly two techniques used for electrodeposition of multilayers involving: (i) dual bath; and (ii) single bath. In the former technique, the substrate is successively transferred between separate plating baths and each layer is deposited alternately to laminate the layer from the relevant bath. This technique was also exploited by many researchers for deposition of various multilayers such as Cu-Ni [6], Ni-Sn [7], Co-Pt [8], Co-Ni [9] and Co-Cu [10]. However, the dual bath technique has the disadvantage that it is susceptible to the formation of an oxide layer on the substrate during the transfer between baths. Such an oxide layer can deteriorate the quality of the multilayer. In the single bath technique, an electrolyte containing two or more metal ions may be used. Multilayer coating with alternatively different composition can be deposited from a single bath by periodically varying the current density or the potential (typically using the current density for easy controlling of layer thickness) during coating. This is effected by the difference in reduction potential of metals in the electrolyte. In other words, it is possible to limit the amount of noble metal in the electrodeposited film by varying mass transfer at electrical double layer. Hence, in single bath technique, the thickness of each layer is proportional to the current density and deposition time. The technique has been effectively used to produce Cu-Ni [11-14], Cu-Ni-P [15], Zn-Ni [16], Zn-Co [17] and Zn-Fe [18] multilayer, and their characterizations were made. Zn-Fe group metal (like, Fe, Ni and Co and less commonly Mn) alloy coatings offer good corrosion protection for many substrates, including mild steel in many environmental conditions; but they are not the practical options for many aggressive medium. For this reason Co-Ni coatings are widely used as good replacement for Zn-Fe group metal alloys, including hard chromium plating. Their high hardness, anti-wear and anticorrosion properties make them find potential applications in automotive, aerospace, and other industrial fields [18].

    However, there is a dearth of information with regard to Co-Ni multilayer coatings even though such layers are normally expected to possess improved corrosion resistance due to alternately formed alloys of different composition. In this paper, we present the optimization of coating configuration (electrofabrication) of multilayer Co-Ni alloy from a single bath by modulating the cathode current density.

  


  
    1.2 Materials and Methods


    The electrolysis bath was prepared from analytical grade reagents, using de-ionized water. The optimal bath composition was arrived by employing Standard Hull cell method [19]. The bath consisting of CoSO4.7H2O (25g/L), NiSO4.6H2O (100g/L), H3BO3(20g/L) as buffer, ascorbic acid (5g/L) as antioxidant and sodium lauryl sulphate (SLS)(1g/L) as surfactant was used in the present study. The pH of the bath was adjusted to 3.5 using either 10% NaOH or 10% H2SO4 and then filtered before each deposition. All deposition was carried out in 200mL PVC cell using DC Power Analyzer (Agilent N6705A, USA), as source of power supply. The mild steel (MS) plates of 7.5 × 2.5 cm dimension were ground to mirror finish using grinding wheels of varying grade. The surface was degreased with trichloro ethylene and then alkali cleaned. Only 2.5 × 2.5 cm2 surface was exposed to plating solution, covering the remaining area by polystyrene resin. Just before immersing in the bath, the plates were pickled in 10% HCl to make the surface active. Pure nickel plate having equal active surface area was used as the anode. Electrodes were placed at 5 cm separation in the cell. All depositions were accomplished galvanostatically maintaining the bath at 303K for 600 seconds for comparison purpose. After deposition, the coated surfaces were rinsed with distilled water several times, dried in hot air and desiccated under vacuum until further testing.

    The hardness of coatings deposited at different c.d. was tested using Clemex Micro-hardness Tester. The surface morphology and cross-sectional microstructure of the deposited films was observed by using SEM (JEOL, JSM-6300F). Phase compositions of the coatings were determined by Powder X-Ray Diffraction (PXRD) using Rigaku Miniflex 600 Machine. Composition profiles of the coatings were obtained by EDXA analysis. All electrochemical experiments were performed in a three electrode cell with platinized platinum as counter electrode and saturated calomel electrode (SCE) as reference electrode. The experiments were conducted using computer controlled Potentiostat/Galvanostat (Biologic SP-150, Biologic Science Instruments, France). Though 5% NaCl solution is commonly used to assess the corrosion behavior of Zn-Fe group metal alloys, it is not the right choice for Co-Ni alloys coating to test their fullest corrosion performance. It is due to their many fold better corrosion protection ability than the former. Hence, in the present study the corrosion protection efficacy of electrodeposited Co-Ni coatings have been tested in 5% HCl, as representative severe corrosion medium, rather than 5% NaCl. Further, it was observed that Co-Ni alloy is almost un-corroded in the practical potential window of potentiodynamic polarization study carried out in 5% NaCl. Hence all corrosion studies have been made in 5% HCl, to test their peak performance. Cathodic and anodic polarization curves were obtained at scan rate of 1mVs-1 by using SCE as reference and platinum electrode as counter electrodes, respectively. The corrosion rates (CR) were calculated by Tafel’s’ extrapolation method. The electrochemical impedance spectroscopy (EIS) was studied by drawing the Nyquist plot in the frequency range from 100 kHz to 10 mHz.

    Generally, electrodeposition using direct current (DC) or constant current results in the alloy coatings of constant composition. Hence they are called monolithic, or alternatively monolayer alloy coatings, represented by notation, DC (Co-Ni). But it is possible to composition modulated multilayer coatings from a single electrolyte just by modulating the electrolyte mass transport. It may be achieved by changing alternatively the cathode current density, agitation or applied magnetic field. Periodic change in the current density (c.d.) allows the growth of layers (on substrate) with periodic change in the chemical compositions. Due to the fact that the deposition of Co-Ni alloys follow peculiar anomalous codeposition, the wt. % Co (more readily depositable metal) decreases as the c.d. increases [20]. Or, in other words, Ni content increases as c.d. increases. This decrease of more readily depositable metal at high c.d. is due to rapid depletion of ions (Co+2 ions) [21]. Hence, the pulse of low c.d. results in alloy layer with low Ni concentration, and pulse of high c.d. results in layers of high Ni concentration. The power source was set to cycle between two different cathode current densities, called cyclic cathode current densities (CCCD‘s). While the thickness of the each layer was controlled by the duration of current applied, and the composition of each layer is decided by the c.d. applied. The total number of layers was fixed appropriately by adjusting the time for each cycle. Thus, multilayer coatings of different configurations were produced. Such multilayer coatings are hereafter represented as, (Co-Ni) 1/2/n, where (Co-Ni) represents alloy of Co and Ni, and 1 and 2 represent the cathode c.d. that is made to cycle, and ‘n’ represents the total number of layers formed during total deposition time (10 min).  The direct current (DC) and modulated current patterns used in the present study, and corresponding coatings are shown schematically in Figure 1.


    



    [image: Fig. 1: Pictorial representation of direct current (DC) and modulated current used for deposition of monolayer and multilayer coatings]

    Fig. 1: Pictorial representation of direct current (DC) and modulated current used for deposition of monolayer and multilayer coatings

  


  
    1.3 Results and Discussions


    Though substantial amount of work on multilayer coatings has alreadybeen reported in recent years to ascertain the relation between the layer thickness, composition of individual layer and the enhanced properties, the fullest applications of nanoscale multilayers are centered on two important aspects. First one is a better understanding of the role of interfacial structure and the other one is development of cost-efficient multilayer manufacturing routes that allow the interfacial engineering required to develop such coatings. In this direction, the present paper reports an electrochemical deposition of nano-layered Co-Ni alloy coating for better corrosion protection of mild steel (MS) under severe corrosion conditions. Different strategies adopted for development of corrosion resistant multilayer coatings and the factors responsible for better performance are discussed under different sections.


    1.3.1 Monolayer deposits


    Hull cell method was employed to determine optimum electrolysis conditions for deposition of bright, uniform and corrosion resistant monolayer Co-Ni alloy coating over wide range of c.d. Then, monolayer Co-Ni alloy coatings were carried out at different c.d.’s using DC (with no modulation in current pulse) using optimized bath. The coatings were then subjected to their physico-mechanical and electrochemical properties, and corresponding data are reported in Table 1.


    



    Tab. 1: The composition, hardness and thickess and corrosion data of monolayer Co-Ni  alloy coatings deposited at different c.d. using optimal bath

    [image: Tab. 1: The composition, hardness and thickess and corrosion data of monolayer Co-Ni alloy coatings deposited at different c.d. using optimal bath]


    1.3.2 PXRD Study


    The phase compositions of electrodeposited Co-Ni alloy coatings were determined by PXRD analysis. The characteristic XRD peaks of coatings deposited at different c.d. are shown in Figure 2. It may be seen that c.d. influences significantly the phase composition of the coatings. At low c.d. side, (111) BCC and (200) FCC phases were found to be dominant along with signaling small amount of pure phase. As the c.d. is increased, gradual decrease in BCC phases were observed, with appearance (220) FCC phase of Co-Ni. It may be noted that there exist a shift of preferential orientation from BCC phase to FCC phase as the c.d. increased.  As Co-Ni forms solid solution, the texture coefficient is known to vary with applied c.d., and hence at very high c.d., the coatings showed very small amount of BCC phase. This difference in the phase structure of the coatings may be attributed to the change in nucleation process caused by electrode kinetics, controlled by applied cathode current density (CCD). Thus, c.d. plays a decisive role in the phase structure of the coatings. It may be noted that the dominant (111) and (200) FCC phase observed at high c.d. range gradually diminished at low c.d., and has replaced by (220) phase as shown in Figure 2.


    



    [image: Fig. 2: PXRD diffraction patterns of monolayer Co-Ni coatings developed at different current densities]

    Fig. 2: PXRD diffraction patterns of monolayer Co-Ni coatings developed at different current densities


    1.3.3 Optimization of cyclic cathode current densities


    It is well known that in multilayer coatings the surface morphology of individual layers depends upon bath composition and current density employed for its deposition. In other words, electroplating is being an atomistic deposition process; it can be used to synthesize nano-structured materials by proper manipulation of deposition conditions. At the same time, the interface in the multilayer profoundly influences the properties of the resultant coatings. Especially in the case of mutual alloys of iron group metals forming solid solutions, even a small change in composition can bring significant change in the phase structure, and hence the properties of coatings.  With this incentive, it was attempted to electrofabricate nanostructured multilayer Co-Ni alloy coatings by bringing modulation in composition by modulating the deposition current density. i.e., using square current pulses of different height. As property of multilayer coatings are largely influenced by interfacial demarcation between layers, the CCCD’s should be properly selected before to go for layering in nano regime [22]. This procedure generally allows the development of multilayer coatings for peak of their performance against corrosion, or any other functional properties. Hence to begin with, multilayer Co-Ni coatings having only 10 layers (arbitrarily chosen) were developed at different sets of CCCD’s and their corrosion behaviors were studied. Keeping in mind the phase structures of deposits (evidenced by PXRD study) at different c.d., different sets of CCCD’s were tried to maximize the corrosion performance of such coatings. Among the various sets tried, the less corrosion rate (CR) was measured in the coatings produced with difference of 2.0 and 3.0 Adm-2 between CCCD’s as shown in Table 2.


    



    Tab. 2: Corrosion data of multilayer Co-Ni coatings having 10 layers developed at different set of CCCD’s using optimal bath

    [image: Tab. 2: Corrosion data of multilayer Co-Ni coatings having 10 layers developed at different set of CCCD’s using optimal bath]


    1.3.4 Optimization of number of layers in multilayer coating


    The behavior of material systems change markedly when the length scales approach nano regime. Interfaces play important role in modern material properties, and are responsible for many of the electrical, optical, magnetic and mechanical properties. As the thickness of individual layers is reduced to the nanometer range, interfaces become even more critical in defining the material properties. The general field of interfaces includes grain boundaries (interfaces between crystals of the same phase), solid-solid phase boundaries, solid-liquid interfaces, and free surfaces. It is known that the interfacial energy contribution dominates over bulk energy contribution as compared to macro length scales giving interesting properties hence the properties of multilayer coatings including their corrosion performance can be improved by increasing the interfacial surface area. In case of electrodeposited materials, this can be achieved by layered coating, just by modulating the deposition current density. In other words, the additional surface can be imparted to the coatings by modulating the nucleation process during plating, and to form successive layers of different composition. Hence, these properties may often to be improved by increasing the total number of layers, usually up to an optimal number as long as the adhesion and demarcation between layers are maintained [19]. Therefore at optimal CCCD’s where  minimum corrosion was observed, i.e. 2.0-4.0 Adm-2 and 2.0-5.0 Adm-2 multilayer Co-Ni coatings with 20, 60, 120, 300 and 600 layers were developed and their CR’s were measured by potentiodynamic polarization method.

    The polarization behavior of multilayer Co-Ni alloy coatings deposited 2.0/4.0 and 2.0/5.0 Adm-2 having different number of layers is show in Figure 3. Tafel’s extrapolation on such curves resulted in determination of the corrosion potential, corrosion current density and corrosion rate, as listed in Table 3. A progressive decrease in icorr, and hence the corrosion rates (CR) was observed with increase in number of layers (of course only up to 300 layers) as may be seen in Figure 3. It may be noted that cathodic polarization curves for coatings of different configurations appears almost same, regardless of the number of layers. It is due to the fact that the cathodic reaction, i.e., reduction of oxygen and evolution of hydrogen in the test medium (5% HCl) remains same regardless of the number of layers.  However, the observed small change in the cathodic polarization curves may be attributed to the increased open circuit potential (OCP), caused by increased nobility of the coatings with increase in number of layers.  At the same time, the anodic polarization changed drastically with number of layers, as shown in Figure 3. Hence it may be inferred that better corrosion resistance of the multilayer Co-Ni coatings is due to controlled anodic reaction. Further, the change in cathodic current with increase in number of layers is indicative of the lower tendency of hydrogen evolution, in turn less corrosion tendency at respective open circuit potentials. The decrease of CR with number of layers in both sets of CCCD’s are reported in Table 3. At 2.0/4.0 Adm-2, the coating with 300 layers showed minimum CR (0.02 mmpy) in relation to that of monolayer Co-Ni alloy coating (2.8 mmpy) developed using DC (optimal CR shown Tab. 1). As mentioned earlier, the increase in number of layers resulted in decrease of CR (or, a decrease in the corrosion current density). Further, it may be inferred that a small change in wt. %Ni in the deposit with c.d. was sufficient enough to bring large change in the phase structure of deposits, and hence on their corrosion behavior.


    



    [image: Fig. 3: Potentiodynamic polarization behavior multilayer Co-Ni coatings with varying degree of layering deposited at 2/4 Adm-2]

    Fig. 3: Potentiodynamic polarization behavior multilayer Co-Ni coatings with varying degree of layering deposited at 2/4 Adm-2


    



    Tab. 3: Corrosion behavior of CMMA Co-Ni coatings deposited at optimized CCCD’s with increasing number of layers using optimal bath
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    From corrosion data, it may be noted that multilayer Co-Ni coating presents much better corrosion resistance compared to monolayer Co-Ni alloy, deposited from same bath. It was observed that there was substantial decrease of CR even with layering at 2.0-5.0 Adm-2 as shown in Table 3. Hence, it may be concluded that the improved corrosion resistance of multilayer coatings in not only the characteristic feature of composition of individual layers (going alternatively) but also the number of interfaces involved. However, an attempt of increase the corrosion resistance further by increasing number of layers in each set of CCCD’s has resulted in increase of CR. i.e. the CR increased when the number of layers are doubled (600 layers) in both sets of CCCD’s as shown in Table 3. The increase of CR at 600 layers is due to very short relaxation time (1 second) for redistribution of metal ions at cathode film, during plating [19]. This phenomenon may be explained as follows: The metal ions (Co2+ and Ni2+) from the bulk of the electrolyte diffuse towards the cathode and to get discharge as metal atom. This process of diffusion is mainly controlled by the applied cathode c.d. As number of layers increased, the time for the deposition of each layer is very small, i.e. only one second for one layer. Therefore at high degree of layering, there is no sufficient time for metal ions to relax against diffusion under given c.d. and to deposit on cathode with modulation in composition.

    Generally, the process of deposition with rapid change in cathode current density does not lead to the modulation in composition. Consequently, coating with less interfacial surface area is going to be formed. Hence, less corrosion resistance of the coatings at extreme degree of the layering is due to decrease of specific surface area (mass/area) of the coatings, caused by very short cyclic time of deposition. In other words, on extreme layering multilayer coatings tend to become monolayer. Therefore, an attempt to decrease CR further by extreme thinning of layers resulted in adverse effect on its corrosion protection value. This particular observation therefore remains as a limitation of the electrolytic method for development of multilayer coating for enhanced properties.


    1.3.5 Electrochemical Impedance Spectroscopy


    The EIS measurement was made at AC voltage of ± 10 mV over a frequency range of 100 kHz -10 mHz. The impedance responses were measured and data were analyzed by Nyquist and Bode plots, and corresponding plots are shown in Figure 4 and 5. The behavior of electrode-electrolyte interface (of the test specimen) under optimal configuration in solution environment was modeled with electrical equivalent circuit. The values of the circuit element such as polarization resistance (Rp) and solution resistance (Rs) were determined. Nyquist responses of (Co-Ni)2.0/4.0 coatings, having different number of layers is shown in Figure 4. The existence of single semicircle without any kink for all coating configurations indicates that the corrosion is controlled by a single charge transfer process across the interface. Impedance responses showed that polarization resistance (Rp) increased progressively as the number of layer increased. The increased capacitive reactance due to layering resulted in decreased flow of electrons at the electrical double layer (EDL). The characteristic depressed semicircles observed in all test specimens are attributed to the in-homogeneity of the metal surface arising from surface roughness or interfacial phenomena, observed in all most all electrodeposited coatings [20]. Bode’s phase angle plot shown in Figure 5 verify once again the observed Nyquist behavior to support the fact that RP value increases with increase in number of layers. The phase angle has approached -65º for (Co-Ni)2/4/300 signaling the increased capacitive reactance, or less double layer capacitance. The impedance data corresponding to (Co-Ni)2/4/300 was fitted into electrical equivalent circuit, shown in Figure 6 and corresponding circuit element data are given in Table 4. A good agreement between experimental and fitted data is in conformation with the proposed equivalent electrical circuit shown in the inset of Figure 6.


    



    [image: Fig. 4: Nyquist plots of CMMA (Co-Ni)2/4 in 5% HCl at different degree of layering]

    Fig. 4: Nyquist plots of CMMA (Co-Ni)2/4 in 5% HCl at different degree of layering


    



    [image: Fig. 5: Bode’s phase angle plot for multilayer (Co-Ni)2/4 coatings with different number of layers]

    Fig. 5: Bode’s phase angle plot for multilayer (Co-Ni)2/4 coatings with different number of layers


    



    [image: Fig. 6: Circuit fitment results for Nyquist plot of coating (Co-Ni)2/4/300 using Zsimpwin software]

    Fig. 6: Circuit fitment results for Nyquist plot of coating (Co-Ni)2/4/300 using Zsimpwin software


    



    Tab. 4: Probable circuit fitment parameters of Nyquist plots for different degree of layering

    [image: Tab. 4: Probable circuit fitment parameters of Nyquist plots for different degree of layering]


    1.3.6 SEM Analysis


    The formation of successive layers of alloys with different composition, responsible for increase in interfacial surface area of the coatings was confirmed by scanning electron microscopy (SEM) image analyses. Cross-sectional view of multilayer coating having 10 layers, represented as (Co-Ni)2/4/10 is shown in Figure 7a. The layers are clearly separated from each other with distinct boundary due to marked dissimilarity in phase structure and chemical composition. Inspection of the microscopic appearance of the coating after corrosion tests can also be used to understand the reason for the improved corrosion resistance of the coatings. The surface morphology of CMMA coating after corrosion test is shown Figure 7b. A large increase in interfacial surface area due to layering (responsible for drastic improvement in the corrosion resistance of CMMA Co-Ni coatings) may be observed [21-24]. The Figure 8 displays the PXRD peaks and surface morphology of monolayer (Co-Ni) coatings corresponding to 2.0 and 4.0 Adm-2, which are used as CCCD’s for deposition of multilayer coatings. A clear difference in phase structure and surface morphology in alternate layers, observed in Figure 8 is responsible for clear demarcation between layers. This being the essential requirement of multilayer materials for exhibiting advanced properties, CMMA (Co-Ni)2/4/300 coatings showed the least CR as reported in Table 3.


    



    [image: Fig. 7: Scanning electron microscope images of a) cross section view of (Co-Ni)2/4/10 coating and b) surface morphology of CMM coating after corrosion tests]

    Fig. 7: Scanning electron microscope images of a) cross section view of (Co-Ni)2/4/10 coating and b) surface morphology of CMM coating after corrosion tests


    



    [image: Fig. 8: Selection of CCCD’s in present work which results in highest corrosion resistance in aggressive 5% HCl medium is attributed to sharp change in morphology and phase structure at specific c.d.’s.]

    Fig. 8: Selection of CCCD’s in present work which results in highest corrosion resistance in aggressive 5% HCl medium is attributed to sharp change in morphology and phase structure at specific c.d.’s.

  


  
    1.4 Conclusions


    Based on the experimental observations the following conclusions were drawn:


    
      	The multillayer Co-Ni alloy coatings can be electrodeposited on mild steel from a single electrolyte just by modulating the cathode current density, and consequently the thickness of individual layers.


      	The multilayer Co-Ni coatings, deposited under optimal condition represented as (Co-Ni)2/4/300 exhibited the least corrosion rate (CR = 0.02 mmpy) compared to monolayer (Co-Ni)4 coating (CR = 2.8 mmpy), deposited from the same bath for same deposition time.


      	Drastic decrease of CR’s with number of layers is attributed to increase of interfacial surface area due to composition modulated layering, supported to by SEM and PXRD study.


      	The increase of corrosion rate at high degree of layering, i.e. at 600 layers is due to decrease of specific surface area of the coatings, caused by short cyclic time cathode current density.
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Coating config. R, (Q/

R, (Q/cm)  Q(wF)

Co-Niyya/10 23 4723 0.77
Co-Nigyaya0) 31 505.4 0.82
Co-Niya/s0 238 5903 0.84
Co-Niy/120 43 7005 0.88

Co-Nipjas30m 3.2 986.1 0.91






OEBPS/Images/Hegde_avatar-102x102.jpg





OEBPS/Images/figure4.png
1000

—o— CoNiggro)
—0— Co-Nig4z0)
—5— Co-Ni(5/459
—v— Co-Ni(5/4120
—F= Co-Ni(5/4/390)

800

600

z" (@cm?)

T
600 800 1000





OEBPS/Images/figure1.png
C.D. (A/dm?)

D.C

Square modulated D.C

[N

Time (s)






OEBPS/Images/Cover epub.jpg
Journal for
Electrochemistry and
Plating Technology

y/ ", [
Vi g &

iden / Germany

fabrication of Composition Modulated
[ayer|Alloy (CMMA) of Co-Ni for Better
ion Protection

(M) |for better, corrosion protec-
tion. Multilayer comprised of alter-
natively  formed ‘nano-size' layers
of | Co-Ni alloy. of different com-
lposition have been produced from
single electrolyte having Co* and
Nit? fons using modulated (L. peri-

odic pulse control) current density.
The  deposition conditions were
optimized for both composition and
thickness of individual layers for
best performance against corrosion.
WY R O icro- Recehed n reised form

sitions were analyzed using cyclic Pocepted

voltammetry and SEM, PXRD, Hard- Muldager Co-Ni oy S,
ness Tester, electrochemical AC RD, cormoson study
and DC methods, respectively. The Y Uldand AC

corrosionbehavior of. multilayer
coatings was found to be.improved
drastically when the thickness of
individual layer approactied nano
regime. The coating having...

LEUZE
VERLAG





OEBPS/Images/tab3.png
Time for Average thickness icorr Ecorr

Loatnzonte each layer (s) (nm) (MAX 102 (V vs. SCE)

CMMA coatings developed between 2-4 A/dm?

Co-Nigya0) 60 1000 025 0.623 031
Co-Nigya0) 30 500 017 0.603 021
Co-Niy/a/e0) 10 166 013 0.586 0.15
Co-Niaz0) 5 83 0.07 0.572 0.09
Co-Niya/s00) 2 33 0.01 0.534 0.02
@z 1 17 013 0.537 024
Co-Nigys/10) 60 1000 127 0.611 1.62
Co-Nigysa0) 30 500 062 0.590 071
Co-Nigys/s0) 10 166 038 0.574 050
Co-Niys/120) 5 83 023 0.563 031
GOTN/— 2 33 0.07 0.546 011

Co-Niysis00) 1 17 098 0.595 1.20
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Eeorr icor

(V vs SCE) (uA x 10?)
CMMA Co-Ni coatings at difference of 2 A/dm? between CCCD’s
(Co-Ni)p0/a0 0.624 0.25 031
(Co-Ni)soss.0 0.626 0.39 0.48

(Co-Ni)y g5 0611 127 15

(Co-Ni)y 40 0615 1.56 19
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Vickers Mi Thickness “Ecorr

A/dm? hardness (HVs, (um) (V vs. SCE)
1.0 250 4.2 0.66 126
20 285 53 0.62 6.64 8.1
30 320 6.5 0.61 4.62 5.6
4.0 360 10.2 0.59 2.29 2.8

5.0 360 10.3 0.56 3.96 48






