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ARTICLE INFO ABSTRACT

Keywords: Although considerable endeavors have been dedicated to investigate the microstructures of the remelting-en-
NiCrBSi hanced NiCrBSi coatings, the textures in the remelted coatings, which may result in property anisotropy, are
Coatir}g rarely studied. In this work, the recrystallized fractions, grain orientations and interphase boundaries for Ni,
Spraying NisB and CrB in a plasma sprayed-remelted NiCrBSi coating were investigated by electron backscatter diffrac-
,Srzzgfecanon tion. The results demonstrate that the texture is induced by phase interaction during solidification. Cooling from

the liquid, the firstly formed Ni grains possess a cube fiber texture of {001}<001). The successively formed NizB
colonies are randomly oriented and keep specific orientation relationships with the surrounding Ni grains, re-
sulting in formation of some weak texture components of Ni. The finally formed CrB grains have a considerably
high frequency (40.8%) of lattice correlation boundary of (002)y;//(040)c,5, but no specific orientation re-
lationships with Ni3B grains. Hence, the interaction of Ni and CrB grains leads to the formation of more texture
components of Ni. As such, the phase interaction induced texture forms in the remelted NiCrBSi coating. This
work would give an insight into the anisotropy in the remelted NiCrBSi coatings and provide a theoretical basis
of further optimizing the remelting process technologies.

Phase interaction

1. Introduction

Nickel (Ni) and Ni-based alloy coatings have been widely used in
many applications due to their high wear and corrosion resistance
[1-7]. Among the coatings, NiCrBSi coatings are frequently used for
engines, piston rods and boilers [1,2,8,9]. Traditionally, NiCrBSi coat-
ings are synthesized by thermal spraying technologies, such as atmo-
spheric plasma spraying (APS) [10], flame spraying [11] or high ve-
locity oxygen fuel spraying (HVOF) [12]. As-sprayed NiCrBSi coatings
possess a complex microstructure, primarily composed of Ni, Ni3B, CrB
and a small amount of other compounds depending on the specific
compositions of feedstock [8,13-15]. Thermal spraying technologies
provide a solution to protect the substrates; however, lamellar bound-
aries, pores and unmelted particles are often found in NiCrBSi coatings.
These flaws degrade both the wear resistance and corrosion resistance
properties of NiCrBSi coatings [16,17]. Therefore, post-processing
technologies have been developed to enhance the properties of the as-
sprayed NiCrBSi coatings.

Among the post-processing technologies, the remelting process is

* Corresponding authors.

commonly used, which melts the coatings using a heat source and
subsequently cools them at different cooling rates, depending on the
post-processing method [16,18-20]. In general, the properties (i.e.
corrosion and wear resistance) of the as-sprayed coatings can be sig-
nificantly improved by remelting [16,18,21]. Therefore, considerable
efforts have been made to investigate the microstructural evolution of
the NiCrBSi coatings after spraying and remelting. Microstructural
characterization indicates that the remelted NiCrBSi coatings have
larger grain sizes than the as-sprayed NiCrBSi ones [22,23]. Meanwhile,
the pores and lamellar boundaries in the remelted NiCrBSi are elimi-
nated [16,19]. These previous works pointed out that the enhance-
ments of the wear resistance and corrosion resistance properties of the
NiCrBSi coatings are mainly attributed to the elimination of pores and
lamellar boundaries, thereby increasing the inner cohesion in the re-
melted NiCrBSi coatings [16,18-20,24].

So far, the majority of investigations on the remelted NiCrBSi
coating are concentrated on their phase constituents, morphologies and
properties. Rare literature focuses on the textures of the remelted
NiCrBSi coatings. It has been reported that the properties of the alloys
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Table 1
Plasma spraying and remelting parameters selected for depositing NiCrBSi
coating.

Parameters Spraying Remelting
Voltage (V) 60 60
Current (A) 500 500
Powder feed rate (g/min) 17 -
Spray step (mm) 3 3
Gun traverse rate (mm/s) 100 10
Main gas Ar (slpm) 254 254
Secondary gas N, (slpm) 58 58
Feed gas Ar (slpm) 127 127
Spray distance (mm) 80 50
the number of spray or remelt 6 3

Plasma torch

Y

Fig. 1. Schematic interpretation of the coordinate axes of the remelted NiCrBSi
coating sample in EBSD characterization.

Table 2

Crystallographic parameters of Ni, NizB and CrB used in this work and the
values of the average misorientation angle distribution (MAD) obtained from
EBSD analysis.

Phase Lattice parameters (nm) Structure Space Average
group MAD
a b c
Ni 0.3535 0.3535 0.3535  Face-centered Fm3m 0.18
cubic
NisB  0.5211 0.6620 0.4396  Orthorhombic Pnma 0.25
CrB 0.2969 0.7858  0.2932  Orthorhombic Cmem 0.41

can be substantially influenced their textures [25-29]. For example, the
Cu-Y,03 composite coatings with {111} texture possess higher hardness
[27]. Narin et al. [26] found that the corrosion resistance of electro-
galvanized chromate coatings could be enhanced by tailoring the {100}
crystallographic planes. Hence, it is believed that similar scenario might
occur in the remelted NiCrBSi coatings. As the NiCrBSi coatings possess
multiphase microstructures, different phases would form from the melt
successively at different temperature during solidification [30]. In such
a case, the interaction of the grain orientations between the formed
phase and the successively formed phase would take place during so-
lidification [31]. Some phases in the NiCrBSi coatings with low sym-
metries, such as NizB and CrB (orthorhombic structure), have strong
anisotropies, which may potentially influence the wear resistance and/
or corrosion resistance of the remelted NiCrBSi coatings. Hence, the
crystallographic  characteristics (i.e. textures and interphase
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Fig. 2. Hardness and wear volume of the as-sprayed and remelted NiCrBSi
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Fig. 3. XRD patterns of the raw powder, the as-sprayed and remelted NiCrBSi

coatings.
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boundaries) of alloys are being commonly interested [31-35]. It is well
known that electron backscatter diffraction (EBSD) technique has been
extensively used to obtain statistical data of the crystallographic char-
acteristics, such as phase identifications, grain orientations and
boundary misorientations [31,36-38]. Unfortunately, there are rare
studies on the crystallographic characteristics of the remelted NiCrBSi
coatings. As mentioned above, NiCrBSi coatings have multiphase mi-
crostructures and the phases would interact with each other during
solidification, it is therefore highly important to deeply investigate the
crystallographic characteristics of the remelted NiCrBSi coatings, which
would shed light on the anisotropy in the remelted NiCrBSi coatings
and offer a theoretical basis of further optimizing the remelting process
methods.

In our previous study, the microstructures of the as-sprayed and
heat-treated NiCrBSi coatings as well as their performance are in-
vestigated in detail [3]. In comparison to the conventional manual-re-
melting method, we develop a new method of plasma re-heat treatment
to remelt the as-sprayed NiCrBSi coating in this work. The outcome
shows that the remelted NiCrBSi coating has the comparable hardness
and wear resistance with the results reported by other methods in
previous literature [4,8,39]. Therefore, regarding a further improve-
ment of the properties, more attention should be paid to the study of the
microstructure of the remelted NiCrBSi coating, especially the phase
interaction induced texture. Ni-Cr-B ternary alloy has been used as filler
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Fig. 4. Cross-sectional microstructures of the coatings: optical microscopy images for (a) as-sprayed and (b) remelted NiCrBSi coatings and scanning electrons

microscopy image for (c) as-sprayed and (d) remelted NiCrBSi coatings.
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Fig. 5. Grain color map of the remelted NiCrBSi coating.

materials for several decades [40]. During the development of the alloy,
many other elements are added in this system in order to improve the
properties of the Ni-Cr-B ternary alloy [41-43]. Although the chemical
compositions of developed alloy are different, all of them are based on
the Ni-Cr-B ternary system. Three phases of Ni, NisB and CrB can be
found almost in all Ni-Cr-B ternary alloy and its derivatives. Meanwhile,
although Cr-C compounds were found in our previous work [3], the
total volume fraction of Cr-C compounds is lower than 10%. Therefore,
considering the general applicability of this work, choosing Ni, NisB
and CrB for analysis may be a better choice. As such, EBSD technique is
adopted in this work to study the recrystallized fractions and grain
orientations for Ni, Ni3B and CrB and the interphase boundaries be-
tween them in a NiCrBSi coating prepared by plasma spraying followed
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by remelting. The EBSD results can provide insight into the formation of
phase interaction induced texture in the remelted NiCrBSi coating
during solidification.

2. Experimental
2.1. Coating preparation

The as-sprayed coating was manufactured by gas atomized NiCrBSi
feedstock using a SG-100 plasma-spraying torch (Praxair, USA). An Ar
gas shrouded plasma spray torch was used to reduce the particle oxi-
dation during the in-flight process. The NiCrBSi feedstock was produced
in BGRIMM Advanced Materials Science and Technology Co., Ltd. The
particle size of the feedstock was between 45um and 109 um. The
feedstock contained 16.2% Cr, 3.0% B, 4.5% Si 0.6% C, 5.3% Fe and
with Ni as balance (all in wt%). The NiCrBSi coating was deposited on a
2Cr13 stainless steel substrate (40 mm X 40 mm X 10 mm) which was
cleaned by acetone to eliminate oil contamination and treated by grit
blasting. The remelting process with different parameters was con-
ducted by using SG-100 plasma-spraying torch to heat the as-sprayed
coating samples but no feedstocks were provided. As the surfaces of the
substrates are covered by the coatings, the temperature of the substrate
was recorded on its back by an infrared thermometer. During spraying
or remelting, the temperature of the substrate ranged from 200-271 °C
to 314-592°C, respectively. During the remelting process, the tem-
perature of the coating was greater than 1500 °C. After remelting, the
remelted coating was cooled in air and about 400 pm in thickness.
During the whole process (including spraying and remelting), the
samples were fixed on a shelf. The detailed plasma spraying and re-
melting parameters selected are listed in Table 1. After remelting, a
very thin diffusion/mixing layer is formed between the substrate and
coating, which is the same as the phenomena reported in the literature
[5,11]. Therefore, this thin diffusion/mixing layer would not affect the
chemistry of the rest of the coating.
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Table 3
Recrystallized, substructured and deformed fractions® (vol%) for Ni, NisB and
CrB in the NiCrBSi coating.

Phase Recrystallized Substructured Deformed
Ni 93.6 5.8 0.6
NizB 68.4 29.6 2.0
CrB 91.7 1.2 7.1

? The defining of a recrystallized, substructured or deformed grain is ac-
cording to the internal average misorientation angle. If the grain consists of no
subgrains and its internal average misorientation angle is below 1°, this grain is
recrystallized. If the grain consists of subgrains and its internal average mis-
orientation angle is below 1°, this grain is substructured. The remaining grains
were classified as deformed [47].

2.2. Characterization

For the microstructure observations, the coating samples were
mounted in conductive resin, mechanically ground with SiC up to 2000
grits and polished to a mirror surface. A field emission gun scanning
electron microscope (SEM, Zeiss Sigma HD, German) equipped with an
energy dispersive spectrometer (EDS) and an optical microscope (OM,
Zeiss Axioskop2-MAT, German) was used to observe the cross-sectional
microstructures of the coatings. The porosity was obtained by the
Software of Image J2X. For the EBSD observations, the polished coating
sample was vibratory polished using colloidal silica for 4h to remove
the deformed surface layer. The EBSD examination was conducted on
the cross-sections of the remelted coating using an AZtec HKL Max
system fitted on the SEM under the acceleration voltage of 20 kV with
the step size of 600 nm. The coordinate axes of the remelted coating
sample are shown in Fig. 1, where direction Y is perpendicular to the
sample surface and directions X and Z are parallel to the sample surface.
Therefore, the analyzed plane was the X-Y plane.

The EBSD data were analyzed by the Channel 5 software. Since
selecting more than three phases during EBSD examination may lead to
incorrect indexing, only three phases of Ni, Ni3B and CrB were chosen
for examination because these three phases are well known in the
NiCrBSi coating [8,40]. After refining 6.9% EBSD data for the reduction
of noisy points, the total indexing rate is 89.9%. In general, high angle
grain boundary and low angle grain boundary are defined as 15° (10° in
some literature) and 1° misorientations between two neighboring grains
[44-46]. Therefore, the grain boundary angle conditions are chosen as
15° and 1° to illustrate the grains and subgrains, respectively. As a re-
sult, for each phase, the grain was classified as deformed if the internal
average misorientation angle was greater than 1° within this grain,
whereas the grain was classified as substructured if the grain consisted
of subgrains but the internal average misorientation angle was below 1°
within this grain, and the remaining grains were classified as re-
crystallized [47]. The crystallographic parameters of Ni, NizB and CrB
used in this work are listed in Table 2, which were extracted from
JCPDS#65-0380, JCPDS#48-1223 to JCPDS#65-6696. For orthor-
hombic structure, the analytic relationships between orientation g
{@1, 9,2} and texture components {hkl}<uvw)> could be expressed ac-
cording to the Ref. [48] using the equations below:

h: k: 1 = asingsing,: bsingcosg,: c cos¢ (€))
and
(cos g, cos g, — sin g, cos psing,)
uviw=
a
_ (—cosg,sing, — sing, cosgcosyp,) sing,sing
’ b ) c (2)

where the h, k and [ are the indices of crystal faces, u, v and w are the
indices of crystallographic orientations, the ¢, ¢ and ¢, are the three
Euler angles in the Bunge system. Herein, the {hkl} planes of the grains
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Fig. 6. Size distributions of the Ni, NizB and CrB grains in the remelted NiCrBSi
coating.

lie perpendicular to the direction Z of the remelted coating sample,
whereas their <uvyw) directions are parallel to the direction X of the
remelted coating sample. For face-centered cubic (FCC) structure, the
lattice parameter a = b = c.
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2.3. X-ray diffraction

X-ray diffraction (XRD) was conducted on a D8 Advance A25X
diffractometer to analyze the phase constituents of the raw powder and
the remelted coatings. The scanning range is from 30° to 80°, the
scanning speed is 2°/min and the scanning step is 0.02°. The XRD
patterns were analyzed by the Jade 6.5 software.

2.4. Hardness and wear volume

The Vickers hardness was carried out on the X-Y planes of the as-
sprayed and remelted NiCrBSi coatings (KB30S, German). Before the
tests, the coatings were ground and polished. The indentation load was
5N with the dwell time of 15s. The reported hardness of each sample
was averaged from ten tested points. The pin-on-disc tribological tests
were carried out on the X-Z of the polished sample without lubrication
in air (Bruker UMT-2, German) according to ASTM G99. The testing
parameters were as follows: 4 mm diameter wear track; 20 N load;
ZrO,, 5mm diameter counterpart; 50 rpm slide speed; 1800 s testing
time. Three different measurements were performed for each sample.
The average wear volumes were measured by 3D confocal laser-mi-
croscopy (Olympus OLS4000) at 5 different places on the wear tracks.

3. Results
3.1. Hardness and wear volume

Fig. 2 exhibits the hardness and wear volume of the as-sprayed and
remelted NiCrBSi coatings. Obviously, the hardness of the remelted

coating (868 HV, 5) is much higher than that of the as-sprayed coating
(651 HV 5). Correspondingly, the wear volume of the remelted coating

(0.588 mm®) is also much less than that of the as-sprayed coating
(1.281 mm®). Therefore, it seems that the remelted NiCrBSi coating
prepared using plasma torch has comparable hardness and wear re-
sistance with the remelted NiCrBSi coatings produced by other methods
in the literature [4,8,39], illustrating the feasibility of this remelting
method. However, a deep investigation of the microstructure for the
remelted NiCrBSi coating, especially crystallographic characteristics, is
rarely addressed. Hence, a detailed characterization of the remelted
NiCrBSi coating is carried out in terms of recrystallized fractions, grain
orientations and interphase boundaries for Ni, NizB and CrB in the
following text.

3.2. Microstructural features

Fig. 3 reveals the XRD patterns of the raw powder, the as-sprayed
and remelted coatings. It could be found that the raw powder mainly
consists of y-Ni, Ni3B, CrB, Cr,Cs and Cr3C,. Due to the existence of C in
the raw powder, Cr3C, and Cr,C; peaks are found in the corresponding
XRD pattern. It is also reported that a small amount of Fe and Si would
be in solid solution to form y-Ni [30,49], thereby no Fe-based com-
pounds and silicide are observed in the XRD pattern. Fe-based inter-
metallic phases have been rarely reported in previous research with
respect to the NiCrBSi coatings with the same or similar compositions
[1,22,50]. The phase constituents of the as-sprayed NiCrBSi coatings
are the same as those of the raw powder, except for the presence of
Cr3B,4. Additionally, it is observed that a broad diffuse diffraction is
apparent from 40° to 50°. In our previous work, such phenomena are
attributed to the fast cooling rate of the deposition process, leading to
the formation of the amorphous phase and metastable phase (i.e. Cr3B,)
[3,51,52]. However, the amorphous phase and metastable phase are
prone to disappear after heat treatment or cooling at a slow rate [3].
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Fig. 8. Selected orientation distribution functions of the Ni grains in the NiCrBSi remelted coating.

Therefore, the phase of Cr3B, disappears after remelting. The other
phases in the remelted NiCrBSi coatings are the same as those in the
raw powder. Compared with XRD pattern of the remelted NiCrBSi
coating, the peaks on the XRD pattern of raw powder are slightly
broadened. In previous reports, such broadening is also caused by the
amorphous phase or nanocrystalline [51,53-56]. By contrast, the peaks
on the XRD pattern of the remelted NiCrBSi coating become sharp,
elucidating that the remelted NiCrBSi coating have a higher degree of
crystallinity and greater grain size. As seen from Fig. 3, the peaks of
Cr,C3 and Cr3C, are substantially weak, specifying that the volume
fractions of these two phases are significantly low in the remelted
NiCrBSi coating, which is in line with the results in the literature
[8,40]. Therefore, y-Ni, Ni3B, CrB phases are chosen in the EBSD ana-
lysis.

Fig. 4 shows the cross-sectional microstructures of the as-sprayed
and remelted NiCrBSi coatings. As seen from Fig. 4a, a large number of
pores are presented in the as-sprayed NiCrBSi coating. After remelting,
the number of pores in the remelted NiCrBSi coating is significantly
reduced since the NiCrBSi alloys possess appreciable fluidity and
wettability (Fig. 4b) [15]. Calculated from at least ten OM images, the
porosities of the as-sprayed and remelted NiCrBSi coatings are
2.72% = 0.86% and 0.82% = 0.17%, respectively. Fig. 4c reveals the
coating/substrate interface of the as-sprayed NiCrBSi coating. The
coating and the substrate are bonded with a mechanical engagement,
accompanied by a large number of pores. Conversely, the coating/
substrate interface of the remelted NiCrBSi coating becomes a me-
tallurgical bonding (Fig. 4d). A diffusion layer with the thickness of
5.8-13.1 uym forms between the coating and the substrate, indicating
that the heat affected depth is greater than the thickness of the coating.

Such results demonstrate that the method developed in this work can
produce a dense remelted NiCrBSi coating with comparable properties
compared with those reported in the literature [8,40]. In order to better
understand the crystallographic characteristics of the remelted NiCrBSi
coating, systematical EBSD characterization is employed in the fol-
lowing work. Furthermore, the oxygen contents in the as-sprayed and
remelted coatings were examined by EDS at ten different locations and
the results show that the average oxygen contents of the as-sprayed
coating are 1.07 + 0.45wt% and 1.16 * 0.47 wt%, respectively. This
result illustrates that the remelting process did not cause severe oxi-
dation of the NiCrBSi coating, resulting from its self-fluxing nature [4].

Fig. 5 shows a grain color map of the remelted NiCrBSi coating
where Ni, Ni3B and CrB are indexed as blue, green and red colors, re-
spectively. The volume fractions of Ni, Ni3B and CrB are 59.6%, 24.6%
and 5.7%, respectively. It could be seen that the Ni, Ni3B and CrB grains
are uniformly distributed in the remelted coating. Most Ni grains are
equiaxed or nearly equiaxed. The Ni3B grains are in a floret shape and
surrounded with Ni grains. It is noted that the Ni3B grains are primarily
produced by the eutectic reaction in NiCrBSi coatings [9]. Such a
morphology of NizB grains is commonly observed in Ni-NizB eutectic
structure [8,9]. The CrB grains are in a very small size and most of them
are embedded in or adjacent to the Ni grains. By comparison, not all
CrB grains are adjacent to the NizB grains. Furthermore, the re-
crystallized fraction associated with substructured and deformed frac-
tions for Ni, Ni3B and CrB are investigated and listed in Table 3. The Ni
and CrB have very high recrystallized fractions of 93.6 vol% and
91.7 vol%, respectively. By contrast, the recrystallized fraction of NizB
is merely 68.4 vol%, while the NizB has a relatively high substructured
fraction of 29.6vol%. As aforementioned, the substructured grains
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Fig. 9. EBSD results of the remelted NiCrBSi coating: (a) inverse pole figure
map for NizB grains, (b) misorientation angle distribution histogram of the
neighboring Ni3B grains.

consist of subgrains and the misorientations of these subgrains range
from 1° to 15° [47]. It is known that internal misorientation within a
grain always means lattice strains and defects [57]. Hence, one can
conclude that the Ni3B grains have relatively higher lattice strain and
defect density than the Ni and CrB grains.

As the properties of many alloys are influenced by grain sizes
[58,59]1, the further investigation of the Ni, Ni3B and CrB grain sizes in
the remelted NiCrBSi coating is exhibited in Fig. 6. The sizes of grains in
the remelted coating are calculated in terms of the circle equivalent
diameter [47]. The Ni grains range from 0.6 to 25 um with the average
diameter of 5.2 pm. The Ni3B grains range from 0.6 to 12 um and the
average diameter is 1.6 um, which is smaller than that of the Ni grains.
CrB grains are quite small with 1.1 ym in average diameter. Although
the average grain sizes of Ni, Ni3B and CrB in the as-sprayed NiCrBSi
coating are rarely reported, the average grain size of Ni in the Ni
coatings prepared by plasma spraying (about 1 um) [60] and by cold
spraying (CS) (from 100 nm to 5 um) [57] are much smaller than that in
the remelted NiCrBSi coating in this work. Such a difference should be
attributed to the relatively slow cooling rate of the solidification
without any impact in the remelted NiCrBSi coating. Because the ne-
cessary time for the solidification of the molten particles is between
107° and 10~ 8s during deposition by conventional APS technology
[13], thereby the growth of the grains in APS-produced coatings is re-
stricted due to the fast cooling rate [3]. For CS technology, high impact
breaks up the grains in the CS-produced coatings, however, the
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temperature is not high enough to promote the growth of the grains
[57]. By contrast, the remelted NiCrBSi coating was remelted at first
and then cooled down in air at a relatively slow rate. The time for so-
lidification and cooling is long enough to support the growth of the
grains to some extent.

3.3. Grain orientations

To reduce the artificial results, the analysis of the grain orientations
only considers the grains containing more than 9 pixels. This operation
is the same for Ni, NizB and CrB phases represented in the following.
Fig. 7a shows the inverse pole figure (IPF) map for Ni grains in the
remelted NiCrBSi coating, where the Ni grains in various orientations
are indexed as different colors. By referring to the color scale, one can
find that a large number of Ni grains have the {001} planes perpendi-
cular to or approximately perpendicular to the direction Z of the
sample. Fig. 7b is a magnified image of the dash rectangle region b in
Fig. 7a, showing that a Ni grain is presented as two different colors
(marked as A and B) with a straight boundary. By investigating the
orientations of A and B parts, the (111) and [112] pole figures reveal a
symmetrical relationship between them, indicating the presence of the
(111)[112] twins in this Ni grain (Fig. 7c). Such a type of twins in Ni
grains is widely observed in Ni-based alloys and has a lattice rotation by
60° [61]. (111)[112] twins are always found in deformed and annealed
Ni alloys [61,62], demonstrating that both stress and redistribution of
dislocations on grain boundaries could induce (111)[112] twins in Ni
grains. Regardless of the formation reason, it is shown in Fig. 7d that
the misorientation of the neighboring Ni grains basically exhibits a
random distribution except for an evident peak around 60°, confirming
the extensive existence of (111)[112] twins in the Ni grains in the re-
melted NiCrBSi coating.

In order to give a textural analysis of the Ni grains in the remelted
coating in detail, the orientation distribution functions (ODFs) are re-
presented in Fig. 8. A very strong cube fiber of (001)[100] are observed
as indicated by red dash cycles. Cube fiber texture component is always
found in the as-cast and/or recrystallized Ni-based alloys [63,64]. In
this work, the as-sprayed NiCrBSi coating was remelted by plasma
torch, then cooled down in air. Such a process could be regarded as a
solidification of NiCrBSi alloy at a relatively slow rate, which promotes
the generation of cube fiber texture of the Ni grains in the remelted
NiCrBSi coating. Besides cube fiber texture, three major texture com-
ponents, close to the (137)[137], (311)[251] and (331)[013], could be
found as indicated by light blue, black dash-dot, purple dot cycles in
Fig. 8. These three texture components have lower intensities than the
cube fiber, which is consistent with the results obtained from the IPF
map for Ni grains in Fig. 7a. Furthermore, some other texture compo-
nents with very weak intensities could be found, such as (221)[243] and
(312)[123]. The study of the texture reveals that most Ni grains are
primarily cube-oriented, which should be ascribed to the preferential
nucleation of the Ni grains during solidification [64].

Fig. 9a shows the IPF map for Ni3B grains in the remelted NiCrBSi
coating, representing the continuous Ni3B colonies by the same color.
However, the independent Ni;B colonies reveal distinctive orientations
(colors) and are varied one by one. The misorientation angle distribu-
tion histogram of neighboring NizB grains is shown in Fig. 9b which
represents that the fraction of low angle boundaries is more than 70%.
Considering the discontinuity of most Ni3B grains (Fig. 9a), therefore, it
is reasonable speculated that such a high fraction of low angle
boundaries is a result of the sub-grain boundaries in the Ni3B grains.
This deduction is consistent with the result of the relatively high sub-
structured fraction in Table 3. Additionally, no specific misorientation
among neighboring NizB grains is observed. The ODFs of the Ni3B
grains in the remelted coating are shown in Fig. 10. Because of the
lattice parameter a= b = c in the orthorhombic structure of Ni3B, the
@- ranges from O to 180° in the ODFs (the same for CrB, hereafter). As
expect, the NizB grains present very strong texture due to the limited
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Fig. 10. Selected orientation distribution functions of the NizB grains in the remelted NiCrBSi coating.
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grains analyzed. Four major texture components of (012)[011], (431)
[211], (021)[012] and (114)[310] are calculated from the ODFs. Appar-
ently, the misorientation angles between texture components cover a
wide range from several degrees to about 90°, indicating that the or-
ientations of the NizB grains are primarily random.

Fig. 11a shows the IPF map for CrB grains in the remelted NiCrBSi
coating. It could be seen that majority of CrB grains display a green
color, indicating that the (010) planes of these CrB grains are perpen-
dicular to or nearly perpendicular to the direction Z of the sample.
Fig. 11b is a magnified image of the dash rectangle region b in Fig. 11a.
Similar to the Ni grain in Fig. 7b, it shows that a CrB grain is presented
as two different colors (marked as E and F) with a straight boundary. In
the view of (110) and [110] pole figures, these two parts have a sym-
metrical relationship, signifying the presence of the (110)[110] twins in
this CrB grain (Fig. 11c). According to the lattice parameters of CrB
phase, it could be calculated that the (110)[110] twins have a lattice
rotation by 41.4° along the (110) plane. As seen from the Fig. 11d, the
misorientation of 40°-44° has a very high frequency among the
neighboring CrB grains, which means that (110)[110] twins are highly
resided in the CrB grains.

Fig. 12 shows the ODFs of the CrB grains in the remelted NiCrBSi
coating. It is interesting that the texture components are primarily lo-
cated at about ¢ = 80-90° in each ODF section. The strongest texture
component observed is close to ideal (010)[001] and (010)[101],
within 10° deviation. This result is consistent with the observation in
Fig. 11a. The angle between [001] and [101] directions in CrB grain is
45.4°, close to the misorientation angle of 41.4° in (110)[110] type twins,
indicating that such two orientations ((010)[001] and (010)[101]) re-
presented in an individual ODF section may result from the highly
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resided twins in CrB grains. The other two major texture components
are close to ideal (212)[122] and (212)[313], (170)[302] and (170)[203].
The angle between [122] and [313] directions in CrB grain is 36.8°, also
approaching 41.4°. These findings may imply that the texture compo-
nents presented in pairs in the ODF sections may be related to the
highly resided twins in CrB grains.

3.4. Lattice correlation boundaries

Fig. 13 shows the lattice correlation boundaries between the ad-
jacent Ni and Ni3B grains and between the adjacent Ni and CrB grains,
respectively. In this work, the lattice correlation boundary describes the
interphase boundary with a specific orientation relationship of planes
parallel between two phases. For instance, a type of lattice correlation
boundary (h;kil1)ni//(hokalo)ni,s means that the (hik;l;) plane of Ni is
parallel to the (hoksly) plane of NizB between a couple of adjacent Ni
and Ni3B grains. As seen from Fig. 13a, four types of lattice correlation
boundaries between Ni and NigB grains, i.e. (311)ni//(114)nip,
(311)ni// (241 )8, (022)n1//(420)i,8 and (001)n;//(001)n;i,p within 5°
tolerance, are exhibited by red, blue, green and purple lines, respec-
tively. By comparing the IPF map of Ni3B (Fig. 9a), two independent
Ni3B colonies (dark grains) are contained in the rectangles G and H in
Fig. 13a. It can be seen that almost all green lines in the Fig. 13a are
concentrated in the dash rectangle G, illustrating that the independent
Ni3B colony has a specific orientation relationship with the surrounding
Ni grains. Moreover, the lattice correlation boundaries around the Ni;B
colony mainly represent red and blue colors in the dash rectangle H.
Such a situation could be found elsewhere in Fig. 13a. By relating to the
IPF map of Ni (Fig. 9a), it confirms again that the independent NizB
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Fig. 11. EBSD results of the remelted NiCrBSi coating: (a) inverse pole figure map for CrB grains, (b) magnified image of the dash rectangle region b in (a), (c) the
(110) and [110] pole figures of E and F parts marked in (b), (d) misorientation angle distribution histogram of the neighboring Ni grains.

colony has the specific orientation relationships with the surrounding
Ni grains even if the surrounding Ni grains have distinctive orienta-
tions. Table 4 summarizes the lattice mismatches between different
couples of the low-index planes of Ni and Ni3B and the corresponding
frequencies of the lattice correlation boundaries. The frequency of the
lattice correlation boundary is defined as the ratio of the length of a
certain type lattice correlation boundary and the total length of the
interphase boundary between the examined two phases. Ajao et al. [65]
and Shapiro et al. [66] had suggested the orientation relationships of
(B1Dni//(420)ni,  (111)ni//(130)nie,  (002)n;//(031)n;z  and
(022)ni//(420)n;,5 by TEM observations. In this work, the aforemen-
tioned orientation relationships of (311)ni//(420)nie, (111)ni//
(130)ni,8, (002)yi//(031)ni,s and (022)yi//(420)n;i,s only have the fre-
quencies of 8.7%, 1.5%, 1.2% and 6.1%, respectively. Correlated the
statistical results listed in Table 4 and the IPF maps of NizB and Ni
grains (Figs. 7a and 9a), it is reasonably believed that the orientation
relationships between the independent NizB colonies and the sur-
rounding Ni grains are varied according to the orientations of the in-
dependent Ni3B colonies. Therefore, only six types of lattice correlation
boundaries have the frequencies of over 10%. Meanwhile, it has been
reported that the low-lattice-mismatch is in favor of decreasing the
strain between the interphase boundaries and reducing the free energy
of system [67]. However, the frequencies are considerably low in many
types of lattice correlation boundaries between Ni and Ni3B, although
some of them have very low mismatches. Therefore, one can conclude
that although specific orientation relationships are presented between
the adjacent Ni and Ni3B grains, the frequencies of lattice correlation
boundaries may not completely depend on the lattice mismatches.

In Fig. 13b, four types of lattice correlation boundaries between the
adjacent Ni and CrB grains, i.e. (002)y;//(040)¢cs, (311)ni//(170)c:B,
(311)ni//(241) s and (311)ni//(312)cs within 5° tolerance, are also
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exhibited by red, blue, green and purple lines, respectively. In contrast
to the lattice correlation boundaries between the adjacent Ni and Ni3B
grains, the lattice correlation boundary (002)y;//(040)c;s (red line) has
an overwhelming frequency (Fig. 13b). Table 5 shows the lattice mis-
matches between different couples of the low-index planes of Ni and
NizB and the corresponding frequencies of the lattice correlation
boundaries. It can be seen that the frequency of the lattice correlation
boundary (311)y;//(170)cs reaches 40.8%, much higher than those of
the other lattice correlation boundaries (Table 5). The lattice correla-
tion boundary with the couple of (002)y;//(040)cz has the second-
highest relative frequency of 36.7%. The angle between (311)y; and
(002)y; is 72.5° and the angle between (170)¢p and (040)¢.p is 69.3°.
Therefore, the blue line and the red line are overlapped in some loca-
tions. It also should be noted that the mismatches are 0.014 between
(311)y; and (170)c,p and 0.1 between (002)y; and (040)¢,s, much larger
than the other couples of the planes of Ni and CrB listed in Table 5. This
confirms again that the formation of the lattice correlation boundaries
is not absolutely dependent on the lattice mismatches. Overall, such a
result gives a factor that the orientations of the CrB and Ni grains
strongly interact with each other.

Table 6 lists the lattice mismatches between different couples of the
low-index planes of Ni3B and CrB and the corresponding frequencies of
the lattice correlation boundaries. All examined lattice correlation
boundaries have extremely low frequencies. The highest frequency of
lattice correlation boundary (102)y;,8//(111)¢p is 5.93%. According to
the texture components of Ni3B and CrB in Figs. 8 and 10, the different
couples of planes with the comparable mismatch between the (012),
(021) planes of Ni3B and (010), (212) and (170) planes of CrB are also
examined. The frequencies of lattice correlation boundaries with these
couples of planes are still very low. As mentioned in Section 3.2, most
CrB grains are embedded in or adjacent to the Ni grains, but not in or
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adjacent to the Ni3B grains (Fig. 5). These results indicate that almost
no specific orientation relationships are presented between the adjacent
Ni3B and CrB grains.

4. Discussion

Due to the limitation of APS technology, pores and lamellar struc-
tures are presented in the as-sprayed NiCrBSi coatings. Therefore, the
remelting process is employed to improve the properties of the as-
sprayed coatings. However, a further improvement of the remelted
NiCrBSi coatings is rarely reported, impeding their wider applications.
Meanwhile, considering the existence of a large number of low-sym-
metry structural precipitates (i.e. NizB and CrB), it is reasonable to
believe that the orientations of these precipitates would play a promi-
nent role in the properties of the NiCrBSi coatings. Hence, to better
understand the texture of the remelted NiCrBSi coatings may be a po-
tential way to further enhance their properties. As the NiCrBSi alloy has
a multiphase microstructure, the formation of the texture is a result of
the interaction between the precipitates. Especially, the precipitates
have distinctive melting points, thereby they would precipitate from the
liquid during the solidification of the remelted NiCrBSi coating. As
such, in this work, a detailed EBSD characterization is conducted to
investigate the phase interaction induced texture in a plasma sprayed-
remelted NiCrBSi coating during solidification.

In this work, Ni, NizB and CrB phases are considered for simplicity
since these three phases are commonly observed in the NiCrBSi alloys in
the literature [1,2,9]. The influence of Si on the solidification is ignored
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because the Si does not affect the solidification sequence of Ni, NizB and
CrB [30,68]. In previous studies, the ternary phase diagram of Ni-Cr-B
has been systematically investigated [40,41]. Therefore, according to
the ternary phase diagram of Ni-Cr-B, it could be well known that the
as-sprayed NiCrBSi coating is melted during the remelting process be-
cause the elevated temperature (over 1500 °C) is higher than the
melting point of the NiCrBSi alloys. Therefore, the cooling of the re-
melted NiCrBSi coating could be regarded as a solidification at a rela-
tively slow rate. Based on the results mentioned above, the formation of
the texture associated with the solidification sequence of Ni, NizB and
CrB in the remelted NiCrBSi coating could be further understood.

It is well known that the Ni-rich FCC solid solution as the primary
phase firstly forms at about 1100 °C [40]. The Ni crystallites nucleate as
nodules or simply grow onto the other Ni crystallites within the melt
[68]. As reported in the literature [63,64,69], the cube fiber is a typical
recrystallized texture and always found in as-cast and recrystallized Ni-
based alloys, which is similar to the scenario in this work. Therefore, as
observed in Fig. 8, the remelted NiCrBSi coating has a strong cube
texture component. On further cooling, the formation of a binary eu-
tectic of Ni and NizB commences at about 1042 °C [40,68]. It should be
noted that the orientations among independent Ni3;B colonies are ba-
sically random, indicating the random appearance of Ni3B nuclei in the
melt (Fig. 9a). There are different colored Ni grains surrounding each
Ni3B colony (Figs. 7a and 9a), implying that the orientations of these Ni
grains seem to be random. However, the investigation of lattice corre-
lation boundaries shows that the specific orientation relationships be-
tween the Ni3B colonies and their surrounding Ni grains are presented
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Fig. 13. Selected lattice correlation boundaries represented by different colors:
(a) between the adjacent Ni and Ni3B grains, (b) between the adjacent Ni and
CrB grains. The dash rectangles G and H in (a) contain two independent NizB
colonies.

(Fig. 13a and Table 4). Therefore, it illustrates that the surrounding Ni
grains are not in the fully random orientations, which are interacted by
the formed Ni3B colony and keep the specific orientation relationships
with them. This phenomenon could outline the formation of Ni and
Ni3B by the eutectic reaction. After the firstly formed Ni grains, the
eutectic reaction of Ni and Ni3B takes place. As reported in the litera-
ture [31], the eutectic grains would keep specific orientation relation-
ships in order to reduce the interfacial energy. Hence, one can observe
the specific orientation relationships between the Ni3;B colonies and
their surrounding Ni grains (Fig. 13a and Table 4). Therefore, under the
interaction of the Ni3B colonies, some other weak texture components
of Ni grains are induced besides the cube fiber texture (Fig. 7). Mean-
while, not all Ni grains keep specific orientation relationships with the
surrounded Ni3B colonies (Fig. 13a). It is speculated that some Ni grains
may have a small rotation or floating in the remnant liquid [31]. Hence,
based on the result of lattice correlation boundaries of Ni and Ni;B
grains in Table 4, one could conclude that the interaction of the Ni and
Ni3B grains is not strong.

As such, the formation of the eutectic of Ni and Ni3B enriches the
remaining melt with Cr. Meanwhile, it has been reported that a large
amount of Cr is in solid solution in the Ni and Ni3B grains [30,70]. As
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the temperature decreases, a ternary eutectic of Ni, Ni3B and CrB takes
place at about 997 °C [68]. Along with the formation of CrB grains from
the melt, the Cr atoms are also rejected from the Ni and Ni3B grains due
to the reduction of the temperature, promoting the production of more
CrB grains [65]. By carefully comparing the ODFs of Ni and CrB in
Figs. 8 and 12, one can find that the Ni grains have the major texture
components of {001}<100> and near {311}<251> and {331}<013> and
the CrB grains have the major texture components near (010)[001],
(010)[1011, (212)[122], (212)[313], (170)[302] and (170)[203]. The
corresponding lattice correlation boundaries (311)y;//(170)cs and
(002)yi//(040)c,p have very high frequencies of 36.7% and 40.8%
(Table 5). The lattice correlation boundary (331)y;//(312)c,p also has a
relatively high frequency of 12.5% (Table 5). It is noted that the (212)
plane of CrB is approximately to perpendicular to the direction Z of the
sample in the texture components of (212)[122] and (212)[313] and the
angle between the planes of (212) and (312) of CrB is merely 11.4°.
Considering the basic error of ODFs and the tolerance of the lattice
correlation boundary, it could believe that the plane of (212) of CrB is
only tilted by a very small angle to the plane of (331) of Ni at the lattice
correlation boundary (331)y;//(312)cp. Therefore, one can confirm
that the orientations of CrB and Ni grains significantly interact with
each other, which results in the rotation of the CrB and Ni grains during
solidification. Hence, more texture components of Ni grains are induced
besides the cube fiber and the CrB grains show apparent orientations.
As aforementioned that almost no specific orientation relationships are
presented between the adjacent NizB and CrB grains (Table 6) and most
CrB grains are embedded in or adjacent to the Ni grains but not in or
adjacent to Ni3B grains (Fig. 5), it is rationally speculated that most Cr
atoms in CrB grains come from the melt or the solid solution in Ni
grains. Hence there should be still a large amount of Cr atom in solid
solution in the NigB grains. Such a deduction is consistent with the
result proposed by Siredey et al. [30] that the Ni3B grains contain about
8 wt% Cr in solid solution at room temperature in terms of the com-
position of the feedstock used in this work. Table 3 shows that there are
about 29.6 vol% Ni3B grains in substructured after complete solidifi-
cation. Hence, such a high-volume fraction of substructured NizB grains
might result from the lattice strain and defect induced by Cr solid so-
lution in Ni3B. Therefore, it could understand that the last formation of
CrB grains strongly interact with the Ni grains but not Ni;B grains.

Based on above discussion, it is noted that due to a wide tempera-
ture range of solidification, although the firstly formed Ni grains have a
cube fiber texture, the subsequently formed NisB and CrB grains
strongly interact with the Ni grains in the form of the related specific
orientations, which results in various texture components of Ni, Ni3B
and CrB grains in the remelted NiCrBSi coating. Therefore, these results
demonstrate that the texture in the remelted NiCrBSi coating is induced
by phase interaction. For the coatings reinforced by hard phases, the
hardness and the wear resistance of the coatings could be improved if
the close-arranged planes of the hard phases are parallel to the surface
of the coatings [27]. Therefore, some simple methods can be considered
to control the texture. For example, the samples placed with an angle
tilted from the vertical plane during spraying and remelting process can
control the texture of the remelting NiCrBSi coatings. As solidification
process is a function of the cooling rate, different agents may result in
different textures in the coatings and thereby further influence the
properties of the remelted NiCrBSi coatings. Some other simple
methods, such as backward and forward scanning of plasma torch [71]
or applying a strong magnetic field during the remelting process [72],
can also be considered. Even more, as the additions of Ni;B and CrB
phases play a role in improving the hardness and wear resistance of the
NiCrBSi coatings, designing the volume fractions of these phases could
tailor intensity of the texture in the remelted NiCrBSi coating and en-
hance its properties. Therefore, it could be concluded that this work
provides a theoretical basis for further tailoring the microstructure of
the remelted NiCrBSi coating.
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Table 4

Summary of the lattice mismatches between different couples of the low-index
planes of Ni and Ni3B and the corresponding frequencies of the lattice corre-

lation boundaries.

Table 6

Summary of the lattice mismatches between different couples of the low-index
planes of NizB and CrB and the corresponding frequencies of the lattice cor-

relation boundaries.
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Ni NizB Mismatch Frequency (%) NizB CrB Mismatch Frequency (%)
Plane Spacing (nm) Plane Spacing (nm) Plane Spacing (nm) Plane Spacing (nm)
(311) 0.1065 (114) 0.1061 0.004 16.15% (004) 0.1098 (241) 0.1098 0.000 0.89%
(111) 0.2040 (220) 0.2048 0.004 2.60% (031) 0.1971 (040) 0.1964 0.004 0.89%
(111) 0.2040 (102) 0.2025 0.007 1.50% (031) 0.1971 (130) 0.1964 0.004 2.77%
(311) 0.1065 (431) 0.1087 0.020 14.69% (102) 0.2025 (111)  0.2016 0.004 5.93%
(011) 0.2498 (210) 0.2423 0.030 6.10% (060) 0.1103 (241) 0.1098 0.005 1.09%
(311) 0.1065 (004) 0.1098 0.030 4.00% (220) 0.2048 (111) 0.2016 0.016 2.67%
(022) 0.1249 (420) 0.1211 0.030 6.10% (102) 0.2025 (130)  0.1964 0.030 1.58%
(311) 0.1065 (060) 0.1103 0.034 5.00% (210) 0.2423 (021) 0.2349 0.031 1.48%
(001) 0.3534 (011) 0.3662 0.035 11.10% (420) 0.1211 (151) 0.1255 0.035 3.07%
(011) 0.2498 (200) 0.2605 0.041 11.90% (420) 0.1211 (221)  0.1255 0.035 2.87%
(002) 0.1767 (131) 0.1844 0.042 3.90% (220) 0.2048 (040) 0.1964 0.041 0.79%
(001) 0.3534 (101) 0.3358 0.050 3.30% (004) 0.1098 (170) 0.1050 0.044 2.47%
(022) 0.1249 (042) 0.1322 0.055 13.00% (004) 0.1098 (202)  0.1043 0.050 0.69%
(002) 0.1767 (031) 0.1971 0.104 1.20% (042) 0.1322 (221) 0.1255 0.051 3.26%
(311) 0.1065 (420) 0.1210 0.120 8.70% (241) 0.1331 (221) 0.1255 0.057 2.37%
(002) 0.1767 (012) 0.2086 0.153 1.77% (200) 0.2605 (110)  0.2777 0.062 0.30%
(311) 0.1065 (241) 0.1331 0.200 17.50% (011) 0.3662 (020) 0.3929 0.068 0.99%
(131) 0.1844 (131) 0.1631 0.116 3.17%
(131) 0.1844 (041) 0.1631 0.116 2.97%
Table 5 (021) 0.2350 (040)  0.1964 0.164 0.302/0
Summary of the lattice mismatches between different couples of the low-index Egi g g:ijﬂ gg g: 1822 g:z;; ;2202

planes of Ni and CrB and the corresponding frequencies of the lattice correla-
tion boundaries.

Ni CrB Mismatch Frequency (%)

Plane Spacing (nm) Plane Spacing (nm)

(400) 0.0883 (331) 0.0882 0.001 3.13%
(022) 0.1249 (151) 0.1255 0.005 7.90%
(022) 0.1249 (221) 0.1255 0.005 6.20%
(331) 0.0811 (262) 0.0815 0.005 9.30%
(331) 0.0811 (312) 0.0815 0.005 12.50%
(400) 0.0883 (043) 0.0875 0.009 1.30%
(400) 0.0883 (133) 0.0875 0.009 2.90%
(331) 0.0811 (280) 0.0819 0.010 6.50%
(111) 0.2040 (111) 0.2016 0.012 4.30%
(311) 0.1065 (170) 0.1050 0.014 40.80%
(311) 0.1065 (202) 0.1043 0.021 5.80%
(311) 0.1065 (212) 0.1034 0.029 9.21%
(311) 0.1065 (241) 0.1098 0.030 10.40%
(111) 0.2040 (040) 0.1964 0.037 1.20%
(011) 0.2498 (021) 0.2349 0.060 2.80%
(002) 0.1767 (131) 0.1631 0.077 4.20%
(002) 0.1767 (041) 0.1631 0.077 1.20%
(002) 0.1767 (130) 0.1964 0.100 2.30%
(002) 0.1767 (040) 0.1964 0.100 36.70%
(011) 0.2498 (110) 0.2777 0.100 6.00%
(331) 0.0811 (212) 0.1034 0.216 13.49%

5. Conclusions

In this work, a plasma sprayed-remelted NiCrBSi coating was ex-
amined by electron backscatter diffraction (EBSD). As the Ni, NizB and
CrB are the primary phases in the remelted NiCrBSi coating, these three
phases are selected to for the EBSD characterization. Grain size, re-
crystallized fraction, orientation for each phase and the lattice corre-
lation boundaries between these phases are investigated. The texture
formation of the remelted NiCrBSi coating is discussed based on the
solidification sequence of Ni, Ni3B and CrB. Some key conclusions can
be drawn as follows:

(1) The Ni, Ni3B and CrB grains are uniformly distributed in the re-
melted coating and their volume fractions are 59.6%, 24.6% and
5.7%, respectively. The average grain sizes for Ni, Ni3B and CrB are

5.2um, 1.9pum and 1.1 pum respectively. Both Ni and CrB grains
have very high recrystallized fractions of 93.6% and 91.7% re-
spectively, whereas the recrystallized fraction of Ni3B grains is only
68.4%. Correspondingly, the substructured fraction of Ni3B grains
reaches 29.6%.

(2) The Ni grains have a strong cube fiber texture of {001}<001> and

three other texture components of (137)[137], (311)[251] and
(331)[013] with slightly weak intensities. Furthermore, some other
texture components of (221)[243] and (312)[123] with very weak
intensities could be found for the Ni grains. The orientations of the
Ni3B grains are primarily random that mainly consist of four texture
components of (012)[011], (431)[211], (021)[012] and (114)[310].
The following three strong texture components observed in CrB
grains are (010)[001] and (010)[101], (212)[122] and (212)[313],
(170)[302] and (170)[203]. The texture components presented in
pairs may be related to the highly resided twins in CrB grains.

(3) The specific orientation relationships are found between the in-

dependent NisB colonies and surrounding Ni grains, which are
varied depending on the orientations of the independent Ni3B co-
lonies. Only six types of lattice correlation boundaries have the
frequencies of more than 10%. The frequencies of the lattice cor-
relation boundaries (311)y;//(170)cg and (002)yi//(040)cg are
40.8% and 36.7% respectively, which are overwhelmingly higher
than those of the other lattice correlation boundaries. This indicates
that the orientations of the Ni and CrB grains strongly interact with
each other. However, almost no specific orientation relationships
are presented between the adjacent NizB and CrB grains.

(4) By correlating the solidification sequence of Ni, Ni3B and CrB in the

remelted NiCrBSi coating during cooling, it is suggested that the
cube fiber texture is produced in the firstly formed Ni grains. The
Ni3B grains form subsequently. Due to the specific orientation re-
lationships between the Ni3B grains and surrounding Ni grains,
some other weak texture components of Ni grains form. The CrB
grains form at last. Associated with the fact that the orientations of
CrB and Ni grains significantly interact with each other, more tex-
ture components of Ni grains form. Therefore, it demonstrates that
the phase interaction takes place during solidification and the re-
sultant texture in the remelted NiCrBSi coating.
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