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Abstract: As the solidified microstructures have a significant influence on the corrosion behavior, the present work is thereby aimed 

to derive the optimum microstructures and electrochemical conditions for producing Mo nanowires. Eutectic microstructures 

showing coupling growth of NiAl phase and Mo fibers were obtained at growth rates from 10 µm/s to 40 µm/s. The fiber size varies 

from 800 nm to 300 nm, and decreases with the increase of solidification rate. The results of potentiodynamic polarization studies 

indicate that NiAl-Mo alloy at a growth rate of 20 µm/s has a better corrosion resistance in 0.1 mol/L HCl solution at room temperature. 

The electrochemical corrosion behavior of directionally solidified NiAl-Mo alloys not only depends on fiber size, but also relates to the 

interface morphology. To further analyze the influence of interface morphology on the corrosion behavior, velocity sudden change 

experiments were carried out. The microstructure of directionally solidified NiAl-Mo alloy transforms from planar to cellular and 

dendritic structures as the value of V/V

1

 increases. The results of potentiodynamic polarization curves reveal that the planar structure has 

the highest corrosion resistance compared to other morphologies with the same fiber size of Mo-nanowires. 
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Nanostructured materials have captured the attention of 

researchers because of their unusual properties when the 

feature size falls below a certain value. One-dimensional 

metallic nanowires show this favorable behavior on promising 

mechanical, electronic and optical performance in the range of 

a few hundred nanometers

[1]

. The intrinsic properties of 

nanowires can be tuned by controlling size, shape, periodic 

arrangement and crystallinity

[2]

. There are many reports about 

fabrication of the nanostructured materials through different 

routes, such as chemical and electrochemical deposition

[3-5]

. 

However, these methods cannot well adjust nanowire size. 

These nanowires are usually polycrystalline, which often 

restricts their applications. For example, spectroscopic 

properties of nanowires cannot come true because of the 

different adsorption abilities for molecules on different 

crystallographic surfaces

[6]

. 

Recently, a method was established to fabricate single 

crystalline and self-organized nanowires with a high aspect 

ratio from directionally solidified eutectic alloy

[7-9]

. Hassel et 

al

[7]

 produced W-nanowire arrays through a directionally 

solidified eutectic NiAl-W alloy, followed by a phase 

separation by selective dissolution of the NiAl matrix to 

release tungsten nanowires from the matrix with a wire 

diameter of about 200 nm. The aspect ratio (length/diameter) 

was more than 400. Further, wire diameter and spacing can be 

controlled by adjusting the solidification parameters. 

Milenkovic et al

[10]

 studied the effect of growth conditions on 

the spatial features of Re nanowires produced by directional 

solidification and found that both the spacing and diameter 

increase with decreasing growth rate and temperature gradient. 

Note that the growth rates have an important influence on the 

eutectic microstructure. Nanostructured eutectic corrosion 

behavior largely depends upon the microstructure. Osório et 

al

[11]

 have demonstrated that microstructural features play an 
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important role in the general corrosion resistance of Al-Ni 

alloys. Peixoto et al

[12]

 found that coarse cells associated with 

lower cooling rates have better corrosion resistance than fine 

cells which are related to higher cooling rates for Pb-Sn alloys. 

Understanding the role of different solidification velocities is 

imperative to control the final microstructure of eutectic alloys. 

The evolution of a solidification microstructure in a metallic 

system can be characterized by different growth morphologies, 

such as planar, cellular and dendritic growth. Gail et al

[13]

 

found that a transition from a planar solid-liquid interface to 

cellular solidification occurred between 50 and 60 mm/h at the 

rotation speed of 60 r/min for directionally solidified NiAl-Mo 

eutectic alloy. In order to derive the optimum conditions for 

producing nanowires, it is important to find out the 

relationship between corrosion behavior and solidified 

microstructure developed with growth rates. 

Directionally solidified NiAl-Mo alloy, comprising an array 

of self-organized Mo fibers in the NiAl matrix, is a promising 

way to fabricate Mo nanowires. In the present work, the 

results of experimental studies in NiAl-Mo eutectic alloy were 

investigated with a focus on the following major points: (a) 

the variation of fiber spacing range with growth velocity, to 

farther clarify fiber diameter selection criterion; (b) the 

corrosion behavior of the NiAl-Mo eutectic alloy with 

different fiber size; (c) changing interface morphologies with 

constant fiber size through abrupt changing of solidification 

rate in directional solidification experiments, thus clarifying 

the influence of morphology on corrosion behavior and 

obtaining corrosion mechanisms of NiAl-Mo alloy. 

1  Experiment 

Pre-alloys were prepared from nickel (99.96%), electrolytic 

aluminum (99.99%) and molybdenum (99.96%) by induction 

melting under an inert atmosphere. The ingot was about 80 

mm in diameter and 100 mm in length. The directional 

solidification samples were cut from the master ingot into Φ7 

mm×100 mm cylinder bars by a wire electro-discharged 

machine, which was performed in an improved Bridgman 

vertical vacuum furnace described in Ref. [14]. In the process 

of directional solidification, the samples were heated by a 

graphite heater at 1900±10 K and a thermal gradient of 

approximately 300 K/cm. Some samples were directionally 

solidified at growth rates of 10, 20 30 and 40 µm/s. The others 

were solidified firstly at a growth rate of 2 and 5 µm/s. After 

the solidified distance reached 30 mm, the growth rate was 

suddenly changed to 20 µm/s to stabilize the growth state, and 

then the samples were quenched rapidly by pulling into a 

liquid Ga-In-Sn pool. 

The directionally solidified samples were cut transversely 

and longitudinally, and representative samples were mounted 

in epoxy. The metallographic process involved grinding, 

mechanical polishing and chemical etching with a solution of 

80%HCl-20%HNO

3

 by volume. The etched specimens were 

examined by both optical microscopy and scanning electron 

microscopy (SEM). The microstructures were analyzed using 

image analysis software to measure the fiber size. 

The electrochemical polarization was performed in an 

electrochemical workstation (PGSTAT 4000) of a three- 

electrode cell using the sample as the working electrode (0.2 

cm

2

), platinum sheet as the counter electrode and Ag/AgCl in 

saturated potassium chloride (KCl) as the reference electrode 

in 0.1 mol/L HCl solution. The Ag/AgCl-reference electrode is 

0.197 V lower than the standard hydrogen electrode (SHE)

[15]

. 

Potentiodynamic polarization measurements were made 

from an initial potential of –0.5 V versus the open current 

potential (OCP) to a final potential of 2 V versus the reference 

potential. Unless notified in the paper, all potential recorded 

were referred to a silver/silver chloride (Ag/AgCl) electrode in 

saturated KCl (0.197 V SHE). And a scanning rate was 

obtained as 1 mV/s during all measurements. 

After the polarization experiment, the samples were cleaned 

by distilled water and then dried. Then the etched specimens 

were investigated by scanning electron microscopy. 

2  Results and Discussion 

2.1  Microstructure of directionally solidified NiAl-Mo 

In the present study, the NiAl-Mo alloy exhibits a fibrous 

microstructure, being similar to what has been reported in Ref. 

[13,16,17]. Fig.1 shows the steady-state microstructures in the 

transverse sections obtained at different growth rates (10, 20, 

30 and 40 µm/s). The arrangement of the Mo fiber in 

cross-section is approximately hexagonal. The shape of the 

individual Mo fiber is not circular but square, which indicates 

the NiAl-Mo interfacial energy is highly anisotropic. And it 

can be seen that the typical quenched solid-liquid interfaces 

remain planar only for growth rates up to 20 µm/s. At the 

higher growth rate of 30 µm/s, the solid-liquid interfaces are 

cellular. It suggests that a transition to cellular solidification 

occurs between 20 and 30 µm/s. According to the theory of 

constitutional supercooling: 

L E 0L

( )m C CG

V D

−

≥ −

                            (1) 

where, G

L 

is the temperature gradient in the liquid ahead of the 

interface, D is the inter-diffusion coefficient, V is the growth 

rate, m

L

 is the slope of the liquidus, C

E

 is the eutectic 

composition, and C

0

 is the initial composition of the 

solidifying alloy. All the parameters on the right hand side of 

Eq.(1) are material constants. Therefore, for a given 

temperature gradient, the S/L interface can present instabilities 

for a larger growth rate. 

In order to obtain more solid-liquid interfaces at a constant 

growth rate, dynamical experiments were carried out. Fig.2 

shows macrographs in the longitudinal sections where the 

growth rate is then abruptly changed to V (V>V

1

), and V is the 

final velocity of 20 µm/s. This solidification with a starting 
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Fig.1  SEM micrographs in transverse section and quenched S/L interfaces of directionally solidified NiAl-Mo eutectic alloy at different growth 

rates: (a, b) V=10 µm/s, (c, d) V=20 µm/s, (e, f) V=30 µm/s, and (g, h) V=40 µm/s (dark phase-NiAl, light phase-Mo) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2  Typical macrostructures of directionally solidified NiAl-Mo 

alloys with two different values of V/V

1

: (a) 5~20 µm/s and  

(b) 2~20 µm/s; transverse micrographs of the position P

1

 in 

Fig.2a (c) and position P

2

 in Fig.2b (d) 

 

directional solidification rate of 5 µm/s (V/V

1

=4) produces a 

microstructure with three distinct zones (planar, planar+ 

cellular and cellular zones) as shown in Fig.2a. When the 

initial velocity is 2 µm/s (V/V

1

=10), the typical dendritic 

morphology with side-branches can be observed as shown in 

Fig.2b. Interestingly, the well-aligned microstructure, devoid 

of any cellular or dendritic regions, can be observed at the 

constant growth rate of 20 µm/s (Fig.1b). 

Since the amount of solute carried ahead of the interface in 

the steady state case is more when the growth rate suddenly 

increases, there will be a transient rise in the concentration in 

the liquid near the interface. So when the solid is formed, the 

original steady state is destroyed and a new steady state is 

reconstructed.  

Smith et al

[18]

 has reported when the growth rate suddenly 

increased, the solute concentration in the liquid would 

increase and then decrease to a steady value in the front of the 

solid/liquid interface. Based on the theory of constitutional 

supercooling, Eq. (1) can be rewritten as: 

max

L

L

(1 )

L

DG

C

m V K

< −

−

                            (2) 

where, C

L

max

 is the maximal solute concentration in the front 

of the solid/liquid interface, and K is the distribution 

coefficient. Therefore, the left hand side of Eq. (2) predicts 

that, for a given growth rate, the more the solute concentration 

gradient in the liquid ahead of the interface is, the less stable 

the interface is. Smith et al

[18]

 indicated C

L

max

 would increase 

with the value of V/V

1

 increasing. This may explain why 

dendritic structure was obtained when the initial growth rate 

was 2 µm/s (2~20 µm/s), whereas only cellular microstructure 

was obtained when the initial velocity was 5 µm/s (5~20 

µm/s). 

Fig.3 shows the interface morphology of directionally 

solidified NiAl-Mo eutectic alloy where the growth rate 

changes from 5 µm/s to 20 µm/s. With the rate of growth 

suddenly increases, the fiber size decreases clearly at once. 

The eutectic spacing was adjusted to achieve another steady 

state through some mechanism. The mechanism includes two 

parts: ending (arrow 1) and branching (arrow 2), even multiple 

a 

b 

c 

d 

Planar 

V=5 µm/s V=20 µm/s 

Planar+cellular 

Cellular 

Abrupt increase 
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Planar+cellular 

Cellular Cellular+dendritic Dendritic 

Abrupt increase 

P

1

 

P

2

 



                             Guo Junbo et al. / Rare Metal Materials and Engineering, 2019, 48(4): 1116-1123                          1119 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3  Interface morphologies of directionally solidified NiAl-Mo 

eutetic alloy when the growth rate was suddenly changed at a 

value of 5~20 µm/s: (a) interface overview and (b) close-up 

of the white square 

 

branching (arrow 3) in local area, which improved greatly the 

adjustment process of fiber size. It doesn’t present difficulties 

in the branching phenomenon for NiAl-Mo eutectic, which 

proves the problem of fiber size selection can be ignored, 

despite the presence of an intermetallic phase. Also, in the 

branches of the fibers, terminations are found in fibrous 

eutectics to obtain a constant inter-fiber spacing under 

steady-state growth conditions. The chemical potential of 

terminations is higher than that of branches due to their 

greater total curvature

[19]

. Therefore, material transport occurs 

from the terminations to branches with smaller curvatures. As 

a result, the interface is clear when the growth rate is abruptly 

changed and presents a retardative response of fiber diameter 

(α) to V. 

Jackson and Hunt

[20]

 predicted that the eutectic growth at a 

constant growth rate occurs within a range of spacing values, 

near the extremum spacing, λ

est

, which corresponds to the 

minimum undercooling. And they obtained the following 

expression for the average undercooling of the solid/liquid 

interface (SLI): 

1 2

/T K V Kλ λ∆ = +                              (3) 

where, ∆T is the undercooling of the solidification front, λ is 

the inter-rod spacing, and K

1

 and K

2

 are summarized material 

parameters. A change in inter-rod spacing affects fibrous 

diameter accordingly. The fiber diameter (α) is related to the 

fiber spacing (λ) and the volume fraction of the fibers (V

f

) by 

2 2

f

gVα λ=                                     (4) 

where, g is the geometrical factor dependent on the fiber 

arrangement. In NiAl-Mo eutectic alloy, the fibers are 

arranged in a hexagonal pattern, and the parameter g can be 

proven to be 3/ 2

[16]

. 

In our experiments, the volume fraction of the fibers, V

f

 

varies from 14.65% to 15.02% when the growth rate varies 

from 2 µm/s to 40 µm/s. V

f

 changed in a narrow range, which 

is consistent with the results of Zhang’s research

[21]

. Thus, 

assuming that V

f

 is constant at different solidification 

velocities, a change in inter-rod spacing affects fibrous 

diameter accordingly. Therefore Eq. (3) can be rewritten as: 

1 2 f

f

1 1

T K V K gV

gV

α

α

∆ = +                    (5) 

Eq. (5) predicts a wide range of fiber size for steady-state 

growth at certain growth rates. Fig.4a shows a significant 

variation in fibrous diameter at different growth velocities. 

The results indicate that the fiber size is not unique, but 

displays a limited range. The range decreases and becomes 

narrow when the growth rates increase. This is in accordance 

with the general eutectic growth theory developed by Jackson 

and Hunt (J-H theory). Although many efforts have been made 

of the spacing selection mechanism, the principle that 

influences the selection of spacing over this narrow band has 

not been built. In order to investigate the influence of the 

initial growth rate on the fiber size distributions, we also 

measured the distribution of fiber size in velocity sudden 

change experiments as shown in Fig.4b. Note that the 

distribution curves are nearly identical to that for the constant 

growth rate of 20 µm/s. It can be observed that fibrous 

diameter changes a little when the growth rate suddenly 

changes compared with the alloy at a constant growth rate of 

20 µm/s. The average fiber size is about 550±20 nm, which 

was found to be the same at a given velocity for the two 

different initial conditions. Trivedi et al

[22]

 discovered the 

same result that the final spacing was irrespective of the initial 

starting condition of eutectic spacing selection in lead-based 

alloy systems when the solidification velocity abruptly 

changed. 

Meanwhile, according to the minimum undercooling 

criterion, Eq. (5) is referred to: 

2

2 f

est

1

K gV

V

K

α =                                (6) 

Fig.5 displays the variation in the average, minimum and 

maximum fiber size at different growth rates for NiAl-Mo 

system. It can be concluded that the smallest fiber size 

observed in the distribution curves of fibrous diameter in 

NiAi-Mo eutectic is close to the extremum fiber size obtained 

by Eq. (6). As discussed by Seetharaman and Trivedi

[22]

, the 

observed smallest eutectic spacing appears to correspond to 

the value α

est

, which gives minimum interface undercooling, 

showing that the eutectic spacing smaller than extremum 

value are unstable. And, the values of the average and 
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Fig.4  Distribution curves of fiber size in NiAl-Mo eutectic alloy for 

different growth velocities: (a) constant growth rates and    

(b) suddenly increased growth rate 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5  Variation in the average, maximum and minimum fiber size 

with different growth rates in the NiAl-Mo system 

 

maximum fiber size are significantly larger than the 

theoretical value at the extremum condition in NiAl-Mo 

eutectic alloy. 

2.2  Corrosion behaviour of NiAl-Mo eutectic alloy at 

different growth rates in 0.1 mol/L HCl 

Fig.6a shows the potentiodynamic polarisation curves of 

NiAl-Mo eutectic alloy at various growth rates in 0.1 mol/L 

HCl aqueous solution. The corrosion current density (i

corr

) was 

estimated from Tafel plots using both the cathodic and anodic 

branches of the polarization curves. From Fig.6a, it can be 

seen that the polarisation curve of the NiAl-Mo alloy at 

growth rate of 20 µm/s shifts to the upper left, which results in 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6  Potentiodynamic polarisation curves of NiAl-Mo eutectic 

alloy at different growth rates: (a) constant growth rates and 

(b) suddenly increased growth rate 

 

a smaller corrosion current density (about 20.3 µA/cm

2

) 

throughout each anodic polarisation range. And, E

corr

, the 

corrosion potential (about –280 mV) at the growth rate of 20 

µm/s is clearly higher than other growth rates. It is generally 

accepted that i

corr

 is indicative of metal corrosion kinetics, 

whereas E

corr

 reflects the thermodynamic characteristics of the 

system. It is further demonstrated from Fig.6a that a trend for 

the short passivity region in 0.1 mol/L HCl near the open 

circuit potential is noticeable at different growth rates. Also 

the passive region width is the broadest (about 50 mV) at 

growth rate of 20 µm/s. The passive region is due to the 

formation of the molybdenum oxide film in accordance with 

the Pourbaix diagrams for the Ni-Al-Mo system. The increase 

of the current readings around 50 mV represents the 

breakdown potential of the molybdenum oxide film. The 

optimal potential for NiAl matrix dissolution and wire 

passivation was found to be 50 mV (of about 250 mV SHE). 

Additionally, the curve for the alloy at growth rate of 40 µm/s 

exhibit a spike which seems to be caused by pitting initiation 

and repassivation, as similarly reported in the studies carried 

out by Osório

[11]

. Therefore, the alloy at growth rate of 20 

µm/s has a greater proneness to resist corrosion than those at 

10 and 40 µm/s. 

The corrosion resistance of directionally solidified NiAl- 

Mo eutectic alloy at different growth rates is affected due to 

the following two possibilities: eutectic spacing and 

morphologies. The both spacing and diameter decrease with 

the growth rate increasing in a directionally solidified 
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NiAl-Mo alloy. Corrosion resistance could be improved 

through reducing phase spacing and diameter. However, a 

comparison of potentiodynamic polarisation curves for 

NiAl-Mo alloy at growth rates of 20 and 40 µm/s suggests that 

the former has greater corrosion resistance. Hence, the factor 

which influences the corrosion behaviour of the NiAl-Mo 

eutectic alloy is not only eutectic spacing. 

In order to further clarify the influence of the morphologies 

on the corrosion resistance, the positions along the 

directionally solidified NiAl-Mo alloys with different values 

of V/V

1

 were for corrosion tests, which are indicated in Fig.2 

(P

1

 and P

2

). 

In the position P

2

, the typical hypoeutectic NiAl-Mo alloy 

microstructure consists of an intermetallic phase (NiAl 

dendritic) and a eutectic mixture in the interdendritic region 

formed by Mo-phase and intermetallic NiAl particles, whereas, 

a eutectic mixture was only observed in the position P

1

. In 

addition, the average fiber size is about 550 nm for three 

samples. Fig.6b shows the potentiodynamic polarisation 

curves of NiAl-Mo eutectic alloy with different eutectic 

morphologies. It can be clearly seen that the alloy at constant 

growth rate of 20 µm/s has a better corrosion behavior. 

However, the optimal potential of Mo nanowires spanning for 

different eutectic morphologies are the same, which is always 

about 250 mV SHE for NiAl phase dissolution and Mo 

nanowires spanning. 

Fig.7 shows selected microstructures of NiAl-Mo alloys at 

different growth rates after electrochemical tests in a 0.1 

mol/L HCl solution. Fig.7b indicates the NiAl-Mo alloy 

exhibits a cellular microstructure at the growth rate of 40 µm/s, 

and it was observed that fibers do not grow parallel to each 

other within the cells but diverge toward colony boundaries 

and tend to increase in thickness as they approach it. In the 

NiAl-Mo eutectic alloy of 40 µm/s solidification velocity, it 

can be seen that most of holes are distributed along the cell 

boundaries, which reveals the corrosion of NiAl-Mo alloy 

may firstly occur in the boundary. Fig.7c clearly shows a large 

number of nanowires which are standing upright to the surface 

and parallel, but the fibers diverge toward colony boundaries 

as shown in Fig.7d. The wire has a length of 70 µm and 

fibrous diameter of 300 nm. An aspect ratio is calculated to be 

more than 230.  

In the process of potentiodynamic polarization, the main 

transition is about the NiAl phase dissolution while 

passivating the fibrous minor phase results in Mo nanowires 

spanning along the central part of the sample. Considering the 

anodic reaction, the basic reaction consists of the reaction Al

�Al

3+

+3e

-

 and Ni�Ni

2+

+2e

-

, as well as cathodic reaction 

2H

+

+2e

-

�H

2

. The combined Pourbaix diagram also displays 

that molybdenum should exist as MoO

3

 under these conditions, 

preventing the dissolution of molybdenum. A higher potential 

would favor the MoO

3

 formation resulting in a larger oxide 

thickness. 

From Fig.8, it is clear that corrosion pits present grain 

boundary and cellular boundary for the alloys at growth rate 

of 20 and 5~20 µm/s, respectively. Some of them even contact 

with each other and form deep ravines. Most of holes are 

distributed along the boundaries, but some corrosion damage 

is still found in the grains and cells. This shows that the 

dominant corrosion mechanism is grain-boundary corrosion. 

Grain and cellular boundaries are regions with higher level of 

energy due to distortions and deformations caused by growth 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7  SEM images of NiAl-Mo sample after potentiodynamic polarisation in 0.1 mol/L HCl: (a, c) 20 µm/s and (b, d) 40 µm/s 



1122                           Guo Junbo et al. / Rare Metal Materials and Engineering, 2019, 48(4): 1116-1123 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.8  Corrosion morphologies of NiAl-Mo sample after potentiodynamic polarisation in 0.1 mol/L HCl: 

(a) 20 µm/s, (b) 5~20 µm/s, and (c) 2~20 µm/s 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.9  Three-dimension morphologies of NiAl-Mo alloy with different growth rates after potentiodynamic polarisation in 0.1 mol/L HCl solution: 

(a) 20 µm/s, (b) 5~20 µm/s, and (c) 2~20 µm/s 

 

during solidification being more susceptible to the corrosion 

action. The alloy at growth rate of 20 µm/s exhibits fewer 

boundaries, providing a better galvanic protection compared 

to the alloy at 5~20 µm/s, which will be subjected to a more 

extensive corrosion action. From Fig.8c, it can be seen that 

interdendritic corrosion takes place, which are caused by the 

composition segregation between branches and interdendrites. 

And NiAl phase consists of higher content of Al compared to 

eutectic mixture. The corrosion initiates mostly in the 

enrichment zone of Al atoms. Hence, corrosion is more easily 

to occur for NiAl dendrite. The sample with dendritic structure 

exhibits more susceptible grain boundaries, and there are more 

interdendritic imperfection and more regions for corrosion to 

occur. 

Fig.9 shows the three-dimensional morphologies of 

NiAl-Mo alloys after potentiodynamic polarisation in 0.1 

mol/L HCl. It can be observed that the depth of the alloy at a 

constant growth rate of 20 µm/s is shallower than those of 

samples at suddenly changed growth rates. In addition, the 

alloy of 2~20 µm/s growth rate is the most bumpy of the three 

alloys. In general, the electrochemical behaviour concerning 

tests in a 0.1 mol/L HCl solution is mainly affected by the size 

and microstructure. Note that the fiber size for NiAl-Mo 

alloys at 2~20 and 5~20 µm/s are similar to that of the alloy at 

a constant growth rate of 20 µm/s. It is found that the 

corrosion resistance of the directionally solidified samples 

rises in the order of dendritic structure<cellular structure< 

planar structure. The results are in agreement with the 

electrochemical tests. 

3  Conclusions 

1) Extensive fiber size measurements in directionally 
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solidified NiAl-Mo eutectic alloys show that the fibrous size is 

not a unique value but display a limited narrow range, which 

decreases with the increase of the growth rate. According to 

the comparison between the experimental data and the 

theoretical model, it can be concluded the smallest fiber size 

observed in their distribution is close to the extremum fiber size.  

2) The potentiodynamic polarization curves exhibit active- 

passive corrosion in 0.1 mol/L HCl, which shows the NiAl- 

Mo eutectic at growth rate of 20 µm/s has the better corrosion 

resistance. Eutectic spacing and interface morphology 

influence the corrosion resistance of directionally solidified 

NiAl-Mo eutectic. The optimal potential for NiAl phase 

dissolution and Mo fiber passivation is about 250 mV SHE.  

3) The dynamical experiment, where the initial growth rate 

suddenly changes, shows that the microstructure of 

directionally solidified NiAl-Mo alloy transforms from planar 

to cellular and dendritic structures as the value of V/V

1

 

increases. It has been evidenced that the sample with the 

planar solid-liquid interface possesses better general corrosion 

resistance compared with the results of cellular and dendritic 

structure samples, which is due to the smallest susceptible 

grain boundaries. 
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