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Effect of scanning speeds on electrochemical corrosion resistance of
laser cladding TC4 alloy”
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In order to study the effect of scanning speed on the electrochemical corrosion resistance of laser cladding TC4 alloy
in artificial seawater, the x-ray diffraction analysis, microstructure of cross-section, microhardness variation, and impedance
spectrum have been studied in comparison with the TC4 titanium alloy. The results show that the main phase of cladding
coating is «-Ti, and the change of scanning speed has no obvious effect on it; therefore, the supersaturated -Ti solid
solution is formed, and the acicular &’ martensite is obtained. As the scanning speed increases, the microstructure of
cladding coating is orthogonal basket-weave, the crystal surface spacing decreases, and the average microhardness of laser
cladding TC4 alloy slightly increases. When the scanning speed increases to 10 mm/s, the microhardness is about 14.71%
higher than that of the substrate, and the electrochemical corrosion resistance of laser cladding TC4 alloy is also improved,
which is about 2.48 times more than the substrate. Grain refinement has a great effect on enhancing the anti-electrochemical

corrosion.
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1. Introduction

Titanium alloy has excellent corrosion resistance, high
strength, and good fatigue resistance. It is considered to form
a stable, continuous oxide film protection on the metal surface.
It is also an important structural metal developed in the 1950s
and is widely used in aerospace, automotive, and biomedical
fields.[!! However, it’s easy for titanium alloy parts to have
an environment failure of bad situation. For example, corro-
sion damage,?! stress corrosion cracking,®! being paroxys-
mal, and uncertainty, which limits the application and devel-
opment of titanium alloys to a large extent. In order to further
improve the corrosion resistance and oxidation resistance of
titanium alloy, surface treatment of titanium alloy is an effec-
tive way to extend its application and development. Generally,
there are some surface treatment methods of titanium alloy,
such as electroplating, electroless plating, surface oxidation
treatment, *! and so on; however, there are some shortcomings,
such as complex technology, high cost, and the electrolytes
that are not friendly to the environment.>-81 On the contrary,
laser cladding technology, as a new material surface modifi-
cation and parts processing technology, has short preparation
time and stable quality, and could improve the wear-resisting,
corrosion resistant, heat resistant, antioxidant, and other prop-
erties of coating surface; it can also eliminate the problem of
possible cracks caused by thermal effects.[*!!]

The laser cladding technology of titanium alloy surface
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is quite mature. Generally speaking, most of the cladding

materials are nickel-base,[12151 cobalt-base,1°-18] jron-base
alloy,"2! and tungsten carbide composite materials.[??>-23]
Among metal powders, the research and application of the
fusible alloy powder are the most. Lu et al.!*®! and Weng
et al.”’) reported Ni-based composite coatings and Co-based
composite coatings prepared by laser cladding on Ti-6Al-4 V,
respectively. They found that both composite coatings had
good metallurgical combination with no porosity and crack,
and the microhardness and wear resistance have also been fur-
ther improved, which is due to the fact that the hard phase
(TiC, TiBa, etc.) and enhanced phase were formed on the coat-
ing. However, the corrosion resistance and the electrochem-
ical corrosion properties of cladding coating were not pre-
sented in their study, and it would make sense to study its anti-
electrochemical corrosion performance. Amado et al.*®! also
used laser cladding technology to prepare the Ni-WC coating
with different WC gradient contents, and they observed that
the longitudinal composite gradient of a millimetre can be ob-
tained along the laser scanning direction. As we can see, there
are many studies about various laser cladding materials on ti-
tanium alloy surface, which indicates that the laser cladding
technology is undoubtedly a good way to explore the unknown
properties of the material.

Statistically, the microstructure and mechanical prop-
erties of laser cladding TC4 alloy have been extensively
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d,[?%-331 but few studies have explored the electro-

investigate
chemical corrosion properties of laser cladding TC4 alloy.
Therefore, this paper mainly studies the microstructure and
electrochemical corrosion properties of laser cladding TC4 al-

loy.

2. Experiment
2.1. Experimental materials and equipment

TC4 titanium alloy (Ti-6Al-4V) was selected as substrate,
and the machining dimension was 60 mmx60 mmx20 mm.
The cladding material was TC4 alloy powder. Table 1 gives
the composition of Ti-6Al-4V alloy powder. Obviously, Ti
was the main component.

Table 1. Composition of TC4 alloy (wt%).

Contents Ti Al \' Fe C N H (0]

TC4 Bal. 55-6.8 3545 <03 <0.1 <0.05 <0.015 <0.20

LDM-8060-type high power semiconductor laser made in
Nanjing Zhongke Raychan was used for the laser cladding of
multi-channel single-layer TC4 alloy on the substrate with dif-
ferent scanning speeds of 4 mm/s, 7 mm/s, and 10 mm/s. Fig-
ure 1 shows the working schematic of laser cladding, and sev-
eral laser process parameters in this paper were as follows:
2 kW of laser power, 50% of overlap rate, coaxial powder
cladding, and protected by argon gas.

laser beam s

alloy
powder

melten pool
coating

moving direction

Fig. 1. The working schematic of laser cladding.

2.2. Performance testing

The microhardness was measured by HXDG1000T-type
digital microhardness tester; 0.2-kg load and 10-s load stay
times were selected. A point was made every 50 pm from the
proximity of the coating surface in the sample section, all in
the same line, and tested three times on average.

The electrochemical corrosion resistance was tested by
CHI606E electrochemical workstation of Shanghai Chenhua.

Electrolyte was 3.5-wt% NaCl solution, using three-electrode

measuring system, including auxiliary electrode (platinum
electrode), reference electrode (saturated silver chloride elec-
trode), and working electrode (the sample coating). The area
of working electrode surface was 1 cm?, and the frequency
range of electrochemical impedance test was 1072 Hz—10° Hz.
Before testing the sample coating, we put them in electrolyte
solution for 1 hour; all tests were completed under the open-
circuit potential of stability test, and then electrochemical
impedance spectroscopy was tested and dynamic potential po-
larization curve is scanned from —1.2 V to 1.2 V of corrosion
potential with a scanning rate of 20 mV/min. Sometimes, cor-
rosion current density on the surface of the electrode might
be mutated because of the generation and rupture of bubbles,
which would affect the quality of the dynamic potential po-
larization curves, so solutions should be de-aerated, and bub-
bles should be avoided as much as possible during the exper-
iment. Simultaneously, the self-corrosion potential and self-
corrosion current density of the cladding coating in the cor-
rosion process were calculated by CHI606E software, and the
electrochemical impedance spectrum was analysed by ZSim-
pWin software; the corresponding equivalent circuit was also
found. Last but not least, the above electrochemical tests were

averaged at least three times.

2.3. Microstructure characterization

The x-ray diffraction (XRD) was used to analyze the
phase structure of the coating, scanning from 10° to 80° of 2
thetas. And the microstructure of the coating was observed
by Sigma300 field emission scanning electron microscope
(SEM). Besides, the ratio of the etching solution was hydroflu-
oric acid: nitric acid: distilled water = 1:2:59; corrosion time
was 30 s.

3. Results discussion and analysis
3.1. Characterization of laser cladding coating

Figure 2(a) shows the microstructure of laser cladding
Ti-6Al-4V alloy.
composed of fine acicular o.-martensite and original $-grain

It can be seen that its microstructure is

boundary, and fine acicular o phase is titanium over satu-
rated acicular martensite. Chen et al.'** found this rule and
conducted qualitative analysis of sample phase composition
by x-ray diffraction, indicating that the main phase of laser
cladding TC4 alloy was close-packed hexagonal lattice of -
Ti solution. The phase composition of cladding coating under
different scanning speeds has been analysed by XRD analy-
sis, as shown in Fig. 2(b). It is found that the main phase of
cladding coating is a-Ti, and the change of scanning speed
has no obvious influence on it, but the x-ray diffraction peaks

show a slight right shift phenomenon. As the scanning speed
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increases, the peak value is slightly enhanced, the lattice con-
stants of the laser cladding TC4 alloy are smaller, and the crys-

s.134! This is because the atomic

tal surface spacing decrease
radius of the solvent atom Ti is slightly larger than that of the
solute atom Al and V; when the solute atom and the solvent
lattice are miscible, the lattice contraction is easily to occur,
and thus the lattice constant is reduced. As it is further cooled
from the 8 phase, it will lead to the o phase nucleation in
the original B-crystalline boundary and grow to the original
B-crystalline interior along the determined bit. It is further
indicated that the solid solubility of the a-Ti solid solution in-
creases with the laser beam in the process of melting the TC4
alloy powder, and it is a non-equilibrium rapid melting and
solidification process during the laser beam irradiation on the
TC4 alloy powder.!3! Moreover, based on the heat transfer
characteristics of the molten pool itself, the enriched solute
atoms in the interface of the molten pool are “captured” and
solidified by the high-speed moving interface before they are
fully diffused,®! thus o-Ti solid solution is formed, and the
acicular martensite is obtained.

original [-grain
boundary

20 pm

(b) — 4 mm/s

— 7 mm/s

—— 10 mm/s
1 a-Ti

1| 1" 1 1 1
| I e
e

Intensity /counts

A
J_JL A

10 20 30 40 50 60 70 80
20/(°)

Fig. 2. (a) The SEM image of laser cladding TC4 alloy; (b) x-ray
diffraction patterns.

Figures 3(a), 3(c), and 3(e) show the microstructure of
bonding zone of laser cladding TC4 alloy. There is no obvious
crack and pore in the bonding zone, which indicates that the
substrate and cladding layer have good metallurgical bonding.
It can be seen that the microstructure of heat affected zone
(HAZ) is significantly different from that of the substrate. The
substrate (TC4 titanium alloy) is a type of & + 8 alloy, which

is shown in the box of Fig. 3(a), with a typical basket-weave
and a grain size of 1 pm-1.2 um. Compared with the sub-
strate, the grain size of laser cladding TC4 alloy becomes thin-
ner, which is 0.3 um—0.5 um. When the molten pool reaches
the supercooling degree,  columnar crystals are formed first,
and the a phase nucleates and grows up at the 8 grain bound-
ary. However, due to the high laser energy density and rapid
cooling rate, the alloying elements on both sides of the solid
and liquid interfaces in the molten pool have solidified before
they have time to diffuse.*®! Thereby, an a-Ti solid solution
is formed, resulting in fine acicular @’ martensite.

(b)

coating

acicular o' ‘martensite

HAZ

substrate

coating

HAZ 1 !
acicular o' martensite

substrate

5 pm

X : ; : ;
coating acicular o/ martensite

HAZ

oy

substrate

5 um 5 Bl

Fig. 3. Microstructure morphology of the cross section with different scan-
ning speeds: (a) and (b) 4 mm/s, (c) and (d) 7 mm/s, and (e) and (f) 10 mm/s.
(a), (c), and (e) bonding zone; (b), (d), and (f) middle.

In addition, as shown in Figs. 3(b), 3(d), and 3(f), the
middle of microstructure of laser cladding TC4 alloy is differ-
ent as the scanning speed increases. It can be seen that when
the laser power remains constant and the scanning speed is
4 mm/s, the acicular o martensite is slightly thicker, and the
size of the formed basket weave is different. At 7 mm/s, acicu-
lar o' martensite becomes slightly thinner, but its microstruc-
ture is not uniform. At 10 mm/s, the microstructure exhibits
a very uniform orthogonal basket-weave, and the acicular o
martensite becomes finer.

3.2. Microhardness analysis

Figure 4(a) shows the comparison of microhardness dis-
tribution of laser cladding TC4 alloy and substrate under dif-
ferent scanning speeds. It can be seen that the microhard-
ness of all the three cladding coatings is higher than that of
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substrate; when the scanning speed is increased to 10 mm/s,
the microhardness is about 14.71% higher than that of the
substrate. What is more, the average microhardness of laser
cladding TC4 alloy with different scanning speeds is shown in
Fig. 4(b). It can be seen that as the scanning speed increases,
the average microhardness of cladding coating slightly in-
creases, and the average microhardness of the substrate is
about 340 HV ) ».

440 —=—4 mm/s (a)
2 ——7 mm/s
; 400| 10 mm/s .
= —o—substrate . %
E K
£ 360
~
&
=
o
8 320
= substrate|HAZ| coating

o |
280 L

—600 —300 O 300 600 900

Distance from the bottom of melten pool/pm

450} (b)
420t
390} $
360 d
330t i

300

270

Substrate 4 llﬂm/S 7 nlam/s 10 mm/s

Average microhardness/HV

Sample

Fig. 4. (a) Microhardness distribution; (b) average microhardness.

The high cooling rate during laser cladding process
could also enhance the microhardness of cladding coating.
For a simple quantitative analysis, the temperature of the
molten pool during laser cladding process can be calculated

as follows: 37381

aP [~ 1 52
T =T . 2
(x7y,z) 0+7F3/2k}’/0 1+526Xp{ 1+S2
x ar\2 /y\2 2 (2\2
-—— = — = ds, (1
G5 G0 e 0
where Ty is the preheated temperature of substrate, the absorp-
tion coefficient of the substrate o was 0.71, a = pcv/k, the
thermal conductivity coefficient k is 6.8 W/(m-K), the density
p is 4450 kg/m?>, and the thermal capacity c is 611 J/(kg-K).[*!
The radius of laser spot r is 2 mm, the laser power P is 2 kW,

and the scanning speed v is from 4 mm/s to 10 mm/s. The

temperature gradient Gt can be described as follows: %

oT
Gr= P 2

The calculated temperature gradient and cooling rate of the
molten pool during laser cladding process are shown in Fig. 5.
As the scanning speed increases, the temperature gradient Gt
decreases as shown in Fig. 5(a), and the cooling rate increases
as shown in Fig. 5(b), the solidification rate R increases, the
ratio of Gt and R is small, and the degree of supercooling
is big. Because the microstructure of cladding coating is af-
fected by the degree of supercooling of the component during
the laser cladding process, the grain size is relatively fine as
shown in Fig. 3(c). Thus, the average microhardness of the
laser cladding TC4 alloy is relatively increased, which repre-
sents that the dendrite refinement enhances the strength of the
cladding coating.[*"!

7
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Fig. 5. (a) Temperature gradient; (b) cooling rate.

As the depth to the heat affected zone increases, the tem-
perature gradient Gt of cladding coating increases, the solid-
ification rate R decreases, the ratio of Gt to R increases, the
degree of supercooling decreases, and the grain size becomes
larger from about 0.3 um to 1 wm; hence the microhardness
inside the heat affected zone gradually decreases.

3.3. Electrochemical corrosion performance
3.3.1. Dynamic potential polarization curve

The dynamic potential polarization curves of laser
cladding TC4 alloy and substrate (Sub) are tested with 3.5%
NaCl solution of electrolyte for three different scanning speeds
(L1: 4 mm/s, L2: 7 mm/s, and L3: 10 mm/s) at room temper-
ature, as shown in Fig. 6.
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As we can see, as the corrosion voltage in the anode re-
gion increases, the corrosion current of cladding coating and
the substrate is significantly increased. The specimen surface
is in an active dissolving state. The characteristics of the polar-
ization curves of cladding coating and the substrate are com-
pared, which shows that both of their passivation behaviour
is obvious.!*!l Compared with the substrate, laser cladding
TC4 alloy has higher self-corrosion potential, lower corrosion
current density, and lower passivation current density. And
when entering the passivation zone, the voltage increases, and
the corrosion current is almost unchanged, indicating that the
cladding layer is in a passivation state; this is because the oxide
film on the surface inhibits further dissolution of the coating.
In addition, in the last half of the slow increase in voltage, it
can be seen that the corrosion current is also slowly increas-
ing, and the oxide film is gradually dissolved. As the C1~ ions
in electrolyte pass through the oxide film, the Ti elements of
cladding coating are dissolved, accordingly Ti>* increases and

the hydrolysis reaction occurs#>43]
Ti — Ti*" + 2e, 3)
Ti** 4+ 2H,0 — Ti(OH), +2H™. 4)

The PH value of electrolyte is reduced and the conditions for
further dissolution of titanium are provided.

<

~

o

o

g

-

5

&)

= —o— L2

S gl L3
—— Sub

0.9 —06 -03 0 0.3 0.6 0.9 1.2
Potential /V

Fig. 6. The potential dynamic polarization curves.

In the cathode region, it can be observed that as the volt-
age increases, the current drops sharply, indicating an oxygen
reduction reaction occurs 4

0, +4H" +4e = 2H,0. (3)

Some chemical parameters such as corrosion potential
Ecor, corrosion current density icor, and polarization resis-
tance R, can be obtained from dynamic potential polarization
curves, as shown in Table 2. It can be concluded that as the
scanning speed increases, the self-corrosion potential E¢q of
laser cladding TC4 alloy becomes more and more positive, and
corrosion current density ico gradually decreases. Compared
with the other two groups of scanning speed and substrate,
when the scanning speed is 10 mm/s, it has the maximum po-
larization resistance, indicating the best corrosion resistance
of this cladding coating.

Table 2. The standard corrosion parameters of polarization curve.

Material Ecor/V  icorr/1A-cm™2 Ba Be R,/Q
4 mm/s -0.768 0.3862 3.688 6.012 115019
7 mm/s -0.696 0.2968 3.942 6.467 140783
10 mm/s -0.507 0.2512 4.602 6.729 159086
Substrate -0.892 0.7743 3.728 7.360 50641

Moreover, polarization linear resistance is also a ki-
netic parameter for measuring electrode corrosion rate.[*>! The
greater the polarization linear resistance, the smaller the self-
corrosion current density, and the better the corrosion resis-
tance of material. The self-corrosion resistance is

B . Bb
B = e P T Bt B

iCOIT ’
where f3, is the slope of the Tafel anode curve, and f is the

(6)

slope of the Tafel cathode curve.!*®! And the corrosion rate
Veorr can be calculated by the following equation: [*7]

0.00327 x EW. x i
Veorr = P == ) (7)

where 0.00327 is a constant that defines the unit of the corro-
sion rate (in unit mm/y), the ico is the corrosion current den-
sity (in units uA-cm~2), p is the specimen density, and EW
is the equivalent of the alloy which can be calculated by the
following equation:

Ew—_—_ 1 ®)

ni X fil]’
x5

where f; is the weight fraction of the i-th element of the alloy,
and W; and n; are the atomic weight and valence states of the
i-th element of the alloy, respectively.[*”]

By calculation, the magnitude of corrosion rate is in the
order of the scanning speed of 10 mm/s < 7 mm/s < 4 mm/s
< substrate, which concludes that the corrosion rate is deter-
mined by the corrosion current density, which also indicates
that in contrast, when the scanning speed is 10 mm/s, it has

the lowest corrosion rate and the best corrosion resistance.

3.3.2. AC impedance spectrum

As shown in Fig. 7(a), the AC impedance spectra of the
specimens can exist in the form of Nyquist plots. In the
literature, 3! it was mentioned that in electrochemical corro-
sion, Nyquist plots were composed of the real and imaginary
parts of the impedance. The larger the radius of the resistance
arc, the better the corrosion resistance of material. It is visi-
ble in Fig. 7(a) that as the scanning speed increases, the radius
of the resistance arc increases, which represents that the cor-
rosion resistance of TC4 alloy coating is enhanced. And laser
cladding TC4 alloy coating has better corrosion resistance than
the substrate.
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Fig. 7. EIS results: (a) Nyquist plot; (b) and (c) Bode diagrams; (d) equivalent circuit model.

In addition, as shown in Figs. 7(b) and 7(c), AC
impedance spectra exist in the form of Bode impedance and
Bode phase angle diagrams. It can be seen that for the laser
cladding TC4 alloy with different scanning speeds, when the
applied frequency f increases, both the impedance |Z| and
phase angle are relatively increased. Compared with the sub-
strate, when the scanning speed is 10 mm/s, the phase angle
is relatively large in the range of low-frequency to middle-
frequency, which illustrates that the laser cladding TC4 alloy
has high capacitance behaviour, and the dense oxide film is
formed on the coating surface.[*”! Thus, this explains that the
laser cladding TC4 alloy has the best electrochemical corro-
sion resistance when the scanning speed is 10 mm/s.

As shown in Fig. 7(d), laser cladding TC4 alloy and sub-
strate have the same equivalent circuit model, which can be
used to measure the impedance data.’%! The equivalent circuit
model consists of an electrolyte solution resistance R, a resis-
tance R, caused by surface defects of coating, a charge transfer
resistance R, and two constant phase-angle elements Q; and
(0>, both of which involve two parameters: Yy > 0 and dis-
persion index 0 < n < 1.5 During the electrochemical cor-
rosion process, a dense protective layer forms on the coating
in the electrolyte, enhances the resistance of the oxide film,

increases the corrosion resistance, and thus slows down the
corrosion rate of the coating, and enhances the corrosion resis-
tance, which is consistent with the results of the dynamic po-
larization curve. Furthermore, the corresponding electrical pa-
rameters are obtained from the EIS data, as shown in Table 3.
It clearly shows that the charge transfer resistance R of laser
cladding TC4 alloy coating is larger than that of the substrate;
when the scanning speed is 10 mm/s, it has the largest charge
transfer resistance Ry (4.203x10° Q-cm~2), which is about
2.48 times larger than the substrate (1.694x 10°> Q-cm~2). The
dispersion exponent n also reflects the density of the formed
oxide film; it can be observed that when the scanning speed is
10 mm/s, a more compact oxide film is formed. Finally, the
standard error of measurement is less than 3%, which rep-
resents that this experimental data and the simulated data agree
well. In addition, it is also consistent with the decrease of the
crystal surface spacing and the increase of microhardness of
the laser cladding TC4 alloy, indicating that with the increase
of the scanning speed, the crystal surface spacing of cladding
coating gradually decreases, which is also one of the impor-
tant reasons for its improvement of electrochemical corrosion

resistance.

Table 3. Electrical parameters of the equivalent circuits.

No. Ry/Q-cm™2 (01-Y)/Q 1.s.cm™2 ny RJ/10° Q-cm™2 (0-V)/IQ s ™.cm 2 ny R/10° Q-cm™2 Std. error/%
L1 63.94 2.016.x1073 0.818 0.581 1.914.x1073 0.825 3.042 < 1.749
L2 63.95 1.944.x107 0.820 0.610 1.664.x10~3 0.782 3.929 < 1.898
L3 76.42 1.872.x1073 0.841 1.580 1.880.x1073 0.760 4.203 < 1.626
Sub 93.41 1.037.x1073 0.802 0418 0.645.x107 0.731 1.694 <2.195
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3.3.3. Mechanism analysis after corrosion

Figures 8(a) and 8(b) show the microstructure of cladding
coating with scanning speed of 4 mm/s and substrate after po-
tential polarization corrosion. It can be concluded that the cor-
rosion zone of the substrate (in red region) is relatively large,
and the corrosion zone of cladding coating is comparatively
small. Due to the minor defects on the surface of the sample
coating, the area of defects is small and the metal potential is
low, which can become an anode. When the corrosion current

NaCl crystal

9

is highly concentrated to the defects, corrosion rapidly devel-
ops as pitting corrosion in defects. After the pitting corrosion
is formed, once the oxygen is consumed, it further becomes
the anode of the oxygen concentration battery, and the cor-
rosion progress in the pitting is accelerated. In addition, the
surface near the pitting corrosion is protected by the cathodic
reduction reaction, and the corrosion further develops in the
pitting. It illustrates that the laser cladding TC4 alloy has bet-
ter electrochemical corrosion resistance than the substrate.

20 pm

Fig. 8. The SEM images after electrochemical corrosion: (a) substrate; (b) 4 mm/s; (c) 7 mm/s; (d) 10 mm/s.

Similarly, figures 8(c) and 8(d) respectively show the
microstructure of cladding coating with a scanning speed of
7 mm/s and 10 mm/s after potential polarization corrosion.
The small squares pointed by the red arrows in Fig. 8(c) should
be the precipitated NaCl crystals, in the cubic shape. It can be
seen that with the increase of the scanning speed, the precip-
itation on the surface of cladding coating becomes more ho-
mogeneous and finer. Compared with the untreated substrate,
there is no obvious corrosion area, which is consistent with the
increasing trend of R in Table 3; therefore, it states that the
corrosion resistance of the laser cladding TC4 alloy is much
better.

4. Conclusions

In this paper, the TC4 alloy coatings are fabricated by
laser cladding technology on the TC4 titanium alloy plate; the
microstructure, microhardness, and electrochemical corrosion
resistance of laser cladding TC4 alloy are analysed, which are
concluded as follows:

(i) The microstructure of laser cladding TC4 alloy is
composed of fine acicular o.-martensite and original f3-grain

boundary, generating «-Ti solid solution and obtaining uni-
form orthogonal basket-weave. As the scanning speed in-
creases, the acicular o’ martensite becomes thinner and
denser, the strength of the x-ray diffraction peak of cladding
layer is enhanced and the peak is slightly right shifted, the lat-
tice constants of the laser cladding TC4 alloy become smaller,
and the crystal surface spacing is decreased. And there are
no obvious cracks and pores in the bonding zone, which illus-
trates that the substrate and cladding layer have good metal-
lurgical bonding.

(i) The average microhardness of laser cladding TC4
alloy is higher than that of the substrate, and as the scan-
ning speed increases, the microhardness of cladding coating
is slightly improved; when the scanning speed increases to
10 mm/s, the microhardness is about 14.71% higher than that
of the substrate; in addition, dendrite refinement enhances the
microhardness of laser cladding TC4 alloy.

(iii) Compared with the substrate, as the scanning speed
increases, the self-corrosion potential E,, of cladding coating
becomes more and more positive, the capacitive arc radius in
the Nyquist plots is also increased, and the Bode impedance
and phase angle are relatively increased, which indicates that
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the electrochemical corrosion resistance of the laser cladding

TC4 alloy is improved. It is also proved that with the increase

of the scanning speed, the decrease of crystal surface spacing

is also an important reason for improving the electrochemical

corrosion resistance.

(iv) Compared with the substrate, the corrosion zone of

laser cladding TC4 alloy is significantly reduced after the po-

tential polarization corrosion, and with the increase of the

scanning speed, the precipitation on the surface of cladding

coating becomes even finer.
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