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Abstract:

The hypereutectic Fe-Cr-C-N-Ti composite alloy has excellent wear resistance, in which
TiNis an important strengthening phase. This paper aims to add the rare earth oxide Y203
to this alloy to refine TiN, and further enhance the service life of the alloy. The first-
principles method was employed to investigate the interfacial relationship between
Y203 and TiN. The mismatch degrees between the different low-index crystal planes of
Y203 and TiN were calculated. Then, the plane with the minimum mismatch degree
between Y203 and TiN was selected, and the surface convergence test was conducted.
Based on this, an interfacial model of Y203//TiN was established, and its interfacial
properties were calculated. The effectiveness of Y203 as the hetero-nucleation core of
TiN was analyzed. The results show that the mismatch degree between the Y203 (111)
plane and the TiN (110) plane is 8.19%, which indicates that the heteronucleation effect
of Y203 on TiN is moderately effective. The surface model was constructed using the
Y203(111) plane and the TiN(110) plane. It was found that when the layer number of the
TiN(110) surface model reached 9, the surface energy converged to 2.75 J m_2. The
interface adhesion work and interface energy of four Y203(111)//TiN(110) interfacial
models were calculated. Among them, the interfacial adhesion energy of the O-N
interface is the largest, which is 0.45 ) m_2. Meanwhile, the interfacial energy of the O-N
interface is the smallest, whichis 3J m_2. Itindicates that the O-N interface model is the
most stable. The chemical bonds in this model are mainly the combination of Ti-O ionic



bonds and N-O covalent bonds. Therefore, Y203 meets the conditions to serve as the
hetero-nucleation core of TiN and tends to form an O-N terminated hetero-nucleation
interface, which can provide a theoretical basis for the development of a new
hypereutectic Fe—Cr—C-N-Ti-Y203 alloy.

1. Introduction

In the hypereutectic Fe-Cr-C alloys, there are a large number of M7C3 type primary
carbides,’ which have high hardness? and excellent wear resistance,® and are the main
strengthening phase in this alloy. Recently, the hypereutectic Fe—-Cr-C alloys have
attracted significant attention in the additive manufacturing field.*® By using the hard-
face-welding process, the hypereutectic Fe-Cr-C alloys are deposited on the surface of
the workpieces, which can be used to fabricate workpieces of various shapes with high-
wear-resistant surfaces.®” However, during service, these large M7C3 type primary
carbides tend to flake off from the surface of the workpieces, thereby reducing their
service life.®® With the rapid development of the additive manufacturing technology,
especially its wide application in the surface remanufacturing field, the requirements for
the service life of the hypereutectic Fe—Cr-C alloys have become increasingly higher. The
preparation of the hypereutectic Fe-Cr-C alloy layers with stronger anti-spalling
properties and higher wear resistance has become a bottleneck for the widespread
application of this alloy.' In recent years, adding microalloying element Ti for improving
the wear resistance of Fe—Cr—C-Ti alloy layers has been of growing interest. The research
results show that the M7C3 type primary carbides can refine the hypereutectic Fe-Cr-C-
Ti alloys by microalloying element Ti, so as to effectively improve their wear resistance.’”
4 Zhi et al.”>™ investigated the influence of the element Ti on the microstructure and
properties of the Fe—Cr—C-Ti alloy. They found that the TiC carbides precipitated earlier
than theM7C3 type primary carbides and were capable of refining the M7C3 type primary
carbides. Chung et al.” added the element Ti into Fe—25 wt%Cr—4 wt%C alloy. When the
Ti addition was 2 wt%, the microstructure of the alloy could be refined, and it exhibited
high wear resistance. These studies have shown that the microalloying element Ti not
only refines the M7C3 type primary carbides, but also further enhances the wear
resistance of the hypereutectic Fe-Cr—C-Ti alloys by forming TiC carbides in the alloy.
However, the research also found that controlling the Ti content is of great significance.
When the Ti contentis too high, the Ti atoms can react with C atoms to form TiC carbides,
which significantly reduces the C content in the matrix, and the volume fraction of M7C3
type primary carbides decreases markedly. In extreme cases, the hypereutectic Fe—Cr—
C alloy may transform into the hypoeutectic Fe—Cr-C alloy, and the primary phase
changes from M7C3 carbides to austenite, thereby severely reducing the wear resistance
of the alloy.” As an interstitial atom, the N atom in iron-based alloys can interact with
otheralloying elements and improve the mechanical properties of the alloys.'®'® Recently,

Ding et al.” investigated the role of the alloying element N in the hypereutectic Fe-Cr-C



alloy. They found that by jointly adding alloying elements Ti and N to the Fe-2.5C-25Cr
alloy, the formation of Ti(C,N) carbide-nitrides could be promoted, ultimately leading to
the refinement of M7C3 carbides. Therefore, we initially prepared a hypereutectic Fe—Cr—
C-Ti—N alloy. It was found that in this alloy, while the C content in the matrix did not
decrease, TiN nitrides could be generated, reducing the size of the M7C3 primary
carbides from 30 um to 10 um. Compared with the Fe—Cr—C-Ti alloy without N, with the
further increase of Ti content, the wear resistance of the alloy is further increased.®

Currently, the service environment of the hypereutectic Fe—Cr—C-Ti—N alloys is
becoming increasingly demanding. As the external load and service time increase, the
larger TiN nitrides on the surface of this alloy peel off, thereby reducing its service life.?’
The application of rare earth oxides in iron-based alloys has attracted considerable
attention.?> Guo et al.** investigated the effects of rare earth and Al on the
microstructure and properties of Fe-Cr-C alloys, and found that the thick platelike
carbides could be refined. Hou et al.?® researched the influence of nano-sized rare earth
particles on the microstructure and properties of Fe—Cr—C alloys, and confirmed that the
M7C3 primary carbides transformed from thick plate-like to island-like or granular forms.
Inspired by the above results, we added rare earth oxides to the hypereutectic Fe—Cr-C—
Ti alloy and investigated their effects on M7C3 primary carbides and TiC carbides. It was
found that as the addition of rare earth oxides increased, the M7C3 type primary carbides
gradually became finer and the wear resistance was improved.?® In particular, we also
discovered that the rare earth oxide Y203 could further refine TiC, further refine the M7C3
type primary carbides, and thereby further enhance the wear resistance of the
hypereutectic Fe—Cr—C—Ti alloy.?”?® The above study leads us to consider whether rare

earth oxide Y203 can be added to the hypereutectic Fe—Cr—C—-N-Ti alloy to further refine
the TiN nitride, thereby further improving the service life of the hypereutectic Fe—Cr-C-
N-Ti alloy. However, it is difficult to observe the interfacial relationship between Y203

and TiN in the alloy by using experimental methods, and thus the mechanism by which
Y203 refines TiN nitride cannot be revealed.

In recent years, the application of first-principles theory to the crystal interface
relationships of materials has attracted much attention. Lv et al.?° reported the electronic
structure and formation energy of (Fe, M)3C (M = Cr/Mn/Co/Ni). Xiao et al.** conducted
theoretical research on the stability and mechanical properties of Cr7C3 carbides. For
this, we also employed first principles methods to study the crystal interface mismatch
patterns between TiC and M7C3 carbides in the hypereutectic Fe—Cr—C—Ti alloy,*'*? and
explained the mechanism by which TiC carbides refine M7C3 carbides. Meanwhile, from
our previous research work, the heterogeneous nucleation interface between Y203 and
NbN was investigated via first principles method, and Y203 can serve as the hetero-
nucleation core of NbN.32 Therefore, the first-principles method is employed to explain



the interface structure and interface bonding strength between Y203 and TiN at the
atomic scale, and it is demonstrated that the mechanism by which Y203 refines TiN is
feasible.

The first-principles method is employed in this paper to calculate the interface adhesion
work, interfacial energy, electronic structure and bonding properties between Y203 and
TiN carbides and analyzes the effectiveness of Y203 as the hetero-nucleation core of TiN.
It provides a theoretical basis for the preparation of a new type of hypereutectic Fe-Cr—

C-N-Ti-Y203 alloy.
2. Computational method

The Vienna ab initio simulation package (VASP) based on density functional theory®* was
used in this paper to optimize the bulk structures of TiN and Y203, and to calculate their
surface and interface properties. The exchange—correlation energy was calculated and
corrected using the generalized gradient approximation (GGA) functional improved by
Perdew, Burke, Ernzerhorf (PBE) et al.®® The interaction between the ion nucleus and
valence electrons was described by the projector augmented waves (PAW).36 The
appropriate plane wave truncation energy (Ecut) and Bragg zone K-point grid (Kmesh)
were selected using convergence tests. The convergence test criteria were as follows: the
energy change value was less than 1x10° eV atom™, the maximum force acting on each
atom was lower than 0.02 eV A_1, and the maximum displacement was less than 1.0x10"
% A. Therefore, when optimizing the crystal structure of TiN, Ec. is set to 500 eV and Kesn
is set to 5x5x5. When optimizing the crystal structure of Y203, E..is set to 400 eV and
Kmesh is set to 8 x8x8. When calculating the surface properties of Y203, E..: is set to 400
eV and Knesh is set to 8x8x1. Finally, when calculating their interface properties, Ec. is set
to 500 eV and Kmesn is set to 5x5x1.

3. Results and analysis
3.1 Crystal structure and bulk properties of Y203 and TiN

The crystal structures of Y203 and TiN are shown in Fig. 1. Fig. 1(a) shows the crystal
structure of Y203. Its structure belongs to the hexagonal crystal system and the space
group is P63/mmec. The lattice constantsarea=b=3.68,c=10.52A, a=b =901, y=120°.
Fig. 1(b) shows the crystal structure of TiN. Its structure belongs to the sodium chloride
type and its space group is FM-3M. The lattice constantsarea=b=c =4.416 A, a=B=y =
90°.

The bulk phase properties of Y203 are shown in Fig. 2. Fig. 2(a) shows the energy band
structure of Y203. The position marked by the dotted line represents the Fermi level. The
lowest point of the conduction band and the highest point of the valence band directly
correspond to each other, and there is a band gap of approximately 5 eV between them,



which indicates that Y203 has the properties of a direct band gap semiconductor. Fig.
2(b) shows the density of states of Y203. Due to the presence of peaks in the energy
levels of Y atoms at the Fermi level, itis proved that there are a few metallic bonds. Within
the range of _4 to 1 eV, the Y-d orbitals interact with the O-p orbitals, resulting in a
resonance effect. Moreover, the peak intensity of the O-p orbitals is higher than that of
the Y-d orbitals, which indicate that a Y-O ionic bond is formed between them. Within the
range of 6 to 8 eV, the Y-d orbital interacts with the O-p orbital, and the peak intensity of
the Y-d orbital is higher than that of the O-p orbital, which indicates the formation of Y-O
ionic bonds between them. Therefore, the main types of chemical bonds in Y203 are
metallic bonds and Y-O ionic bonds.

The bulk phase properties of TiN are shown in Fig. 3. Fig. 3(a) shows the energy band
structure of TiN. The positions marked by the dotted lines correspond to the Fermi level.
It can be observed that there is an overlapping area between the conduction band and
the valence band of TiN, which indicates that there is ho energy gap between them. The
energy required for electron transition is very small, and it is easy for electrons to
transition from the valence band to the conduction band, suggesting that TiN has certain
metallic properties. Fig. 3(b) shows the density of states of TiN. It can be observed that
there is a distinct peak at the Fermi level in the Ti-d orbitals, which proves the existence
of metal bonds. Within the range of -8 to -2 eV, the N-p orbital and the Ti-d orbital undergo
hybridization, and the peak intensity of the N-p orbital is higher than

that of the Ti-d orbital, which indicates the formation of Ti-N ionic bonds. Within the range
of -2 to 2.3 eV, there are peaks mainly in the Ti-d orbital, suggesting the formation of
metallic bonds. Therefore, the main chemical bond types of TiN are metallic bonds and
Ti—N ionic bonds.

3.2 Lattice mismatch degree between Y203 and TiN

According to Bramfitt 2D lattice mismatch theory,37 if the 2D lattice mismatch between
the basal phase and the nucleating phase is less than 6%, the basal phase is able to play
a very effective heterogeneous nucleation role with respect to the nucleating phase; with
a mismatch degree of 6-12%, the basal phase plays a moderately effective
heterogeneous nucleation role with respect to the nucleating phase and when the
mismatch degree is larger than 12%, the basal phase cannot act as a heterogeneous
nucleus for the nucleating phase. The two dimensional lattice mismatch is calculated as
follows:37
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where (hkl)s is a low-index crystal plane in the nucleation substrate; [uvw]s is a low-index
crystal direction in the low index crystal plane of the nucleation substrate; (hkl)n is a low
index crystal plane in the nucleation phase; [uvw], is a low index crystal direction in the
low-index crystal plane of the nucleation phase; duwn is the distance of atoms in the
crystal plane of (hkl), along the direction of [uvw],; diuwis IS the atomic distance along the
[uvw]s direction in the (hkl)s crystal plane.

Two groups of low-index crystal planes, namely Y203 and TiN, were selected to calculate
their mismatch degrees. The results are listed in Table 1. The mismatch degree of the
Y203(111) and TiN(110) planes is 8.19%, and that of the Y203(110) and TiN(111) planes
is 8.22%, whose values range from 6% to 12%, which indicates that the role of Y203 as
the hetero-nucleation core of TiN is moderately effective. Therefore, the Y203(111) plane
and TiN(110) plane with a smaller mismatch degree (8.19%) are selected to construct the
surface and interface model.

3.3 Interface properties of Y203 and TiN

3.3.1 Surface convergence test on Y203(111) and TiN(110). The surface models
constructed for the Y203(111) and TiN(110) planes were conducted for the surface
energy convergence tests. The four surface models constructed are shownin Fig. 4. There
are three terminated surface models for the Y203(111) plane, namely Y-terminated, O1-
terminated and O2-terminated surface models. Fig. 4(a)-(c) show three terminated
surface models of the Y203 (111) plane. There is one terminated surface model for the
TiN(110) plane. Fig. 4(d) depicts the surface model of TiN (110). The Y203(111) planeis a
polar surface. The chemical potential calculation formula for the Y203 surface model is
as follows:38

bulk .
Hy,0, = 2Hy + 3Hg (2)

bk
where H¥:0: represents the energy of the system after the structural relaxation of Y203
(111); #¥ represents the chemical potential of the Y atom; o represents the chemical
potential of the O atom.

The surface energy sY203(111) formula for calculating the Y203 (111) surface is as
follows:37
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where Eqb represents the energy value (J) of the surface model with a certain number of
atomic layers; A represents the surface area of the model (m2); NY represents the
number of Y atoms in the Y203 (111) surface model; NO represent the number of oxygen
atoms inthe Y203 (111) surface model.

For the Y-terminated surface model, the calculation formula is as follows:



Nog=2Ny— 14 (4)
For the O1-terminated surface model, the calculation formula is as follows:
Ng = 2Ny (5)
For the O2-terminated surface model, the calculation formula is as follows:
Np = 2Ny +4 (6)

By combining eqn (2)-(4), the final surface energy calculation formula for the Y-

terminated surface model on the

Y203(111) plane is as follows:
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By combining eqn (2), (3) and (5), the final surface energy calculation formula for the O1-
terminated surface model on the Y203(111) plane is as follows:
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By combining egn (2), (3) and (6), the final surface energy calculation formula for the O2
terminated surface model on the

Y203(111) plane is as follows:
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The Y203(111) surface energy calculated results of the three terminated faces are listed
in Tables 2—-4. As the number of surface layers increases, the fluctuation range of the
surface energy gradually becomes more stable. When the layer number of the Y-
terminated surface model exceeds 13, its surface energy stabilizes and converges t0 0.59
Jm_2.When the layer number of the O1-terminated surface model exceeds 9, its surface
energy can stabilize and converge to 0.69J m_2. The surface energy calculation result of
the O2-terminated surface modelis negative, which indicated that this modelis unstable.
Therefore, this model will not be considered in subsequent calculations. The TiN (110)
planeis a non-polar surface. The surface energy sTiN(110) formula for calculating the TiN
(110) surface is as follows:37

1, . o
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where Eiiab represents the energy value (J) of the surface model with N atomic layers;

lESs represents the energy value (J) of the surface model with N-2 atomic layers; A
represents the surface area of the model (m?).

The calculated surface energy results are listed in Table 5. As the number of the surface
layers increases, the fluctuation range of the surface energy gradually becomes more
stable. When the layer number of the surface model reaches 9, the TiN (110) surface
energy can be well converged to 2.75 ) m™=2.

3.3.2 Interface model constructed of Y203(111) and TiN(110).

Four Y203(111)//TiN(110) interface models were constructed by selecting a 9-layer TiN
(110) surface and respectively combining it with the Y-terminated surface of a 13-layer
Y203 (111) and the O1-terminated surface of a 9-layer Y203 (111), as shown in Fig. 5.
According to the different stacking methods, these four models were respectively named
the Y-Ti, Y-N, O-Ti and O-N interface models.

The energy variation curves of the four interface models with the interface spacing after
relaxation are shown in Fig. 6. It can be seen that the energy of the Y-Ti interface model

is the lowest when the interface spacingis 2.6 A; the energy of the Y-N interface modelis
the lowest when the interface spacing is 2.8 A; the energy of the O-Ti interface model is
the lowest when the interface spacingis 2.0 A; and the energy of the O—N interface model
is the lowest when the interface spacingis 2.6 A.

3.3.3 Interface adhesive work and interface energy of Y203(111) and TiN(110).

The interface adhesive work (W.q4) is an important parameter for characterizing the
strength of the interface bonding. For the interface model of Y203(111)//TiN(110), the
calculation formula for Wad is as follows:39

. 1, . . . .
Wag ?[_f;m';tﬁ. + Enin — Ev,0,,TiN) (12)

Where O BTN represents the energy value (J) of the Y203(111)//TiN(110)
interface model; Ev.03 represents the energy (J) of the Y203 (111) surface model; Enin (J)
represents the energy (J) of the TiN (110) surface model; and A represents the interface
area (m2).

The interface energy (g) corresponds to the difficulty of heterogeneous nucleation at the
interface. The calculation formula for g of the four interface models is as follows:40

V= Oyv,0, T Orin — Wad (13)



where sY203 represents the surface energy (J m2) of the Y203 (111) surface model; omin
represents the surface energy (J m=2) of the TiN (110) surface model. The W,q and g values
of the four Y203(111)//TiN(110) interface models are shown in Fig. 7. The W4 sequence
of the four interface models is as follows: Vado-n = Wadon = Waav-nw = Waav-i.

-

The y sequence of the four interface models is as follows: Yo-x = Yo-mi = Jva = Py

It can be seen that both the O-terminated surface of Y203(111) and the interface model
on the TiN(110) surface are relatively stable. Among them, the W,q value of the O-N

interface is the largest, which is 0.45 J m_2. Meanwhile, the g value of the O-N interface

is the smallest, which is 3J m_2. Therefore, the O-N interface is the most stable.

3.3.4 Interface model bonding characteristics of Y203(111) and TiN(110).

By calculating the charge density, differential charge density and partial densities of
states (PDOS) of the Y203(111)//TiN(110) interface model, the bonding characteristics of
the Y203(111)//TiN(110) interface model are analyzed, and the stability of the interface
is further determined. The charge densities of the (100) section of Y203(111)//TiN(110)
interface models are shown in Fig. 8. In Fig. 8, the charge accumulation areas are
indicated by the red regions, and the charge depletion areas are indicated by the blue
regions. The color changes from blue to red to represent the increasing charge density.
Fig. 8(a) shows the charge density of the O-Ti interface in Y203(111)//TiN(110) interface
model. It can be seen that at the interface, Ti atoms relax downward while O atoms relax
upward. The charge density around the O atoms is high, while that around the Ti atoms is
low. A chemical bond is formed between them. Fig. 8(b) shows the charge density of the
O-N interface in the Y203(111)//TiN(110) interface model. It can be seen that at the
interface, the diffusion phenomenon of O atoms and Ti atoms at the interface is more
obvious, indicating that the chemical bond formed between the two is stronger.

The formula for calculating the differential charge density is as follows:
PA= Prot — Py,o, — PN (14)

where rtot represents the total charge density in the interface model; rY203 represents
the charge density of the individual Y203(111) plane within the same interface model;
rTiN represents the charge density of the individual TiN(110) plane within the same
interface model.

The differential charge densities of the (100) section of Y203(111)//TiN(110) interface
models are shown in Fig. 9. In Fig. 9, the charge accumulation areas are indicated by the
red regions, and the charge depletion areas by the blue regions. The color ranges from



blue to red to represent the increasing charge density. Fig. 9(a) shows the differential
charge density at the O-Ti interface. It can be observed that there is a depletion zone of
charge around the Ti atoms at the interface, with a lower charge density. There are also
numerous charge accumulation zones around the O atoms, with a higher charge density.
This indicates that ionic bonds have formed between them. Fig. 9(b) shows the
differential charge density at the O-N interface. It can be seen that compared with Fig.
9(a), the atomic relaxation phenomenon at the interface is more obvious, and the formed
charge accumulation area and charge depletion area are also larger. This indicates that
the ionic bond strength formed at the O-N interface is higher than that of the O-Ti
interface model, and the interface combination is more stable.

The partial densities of states (PDOS) diagrams of Y203(111)//TiN(110) interface models
are shownin Fig. 10. Both interfaces have significant peaks in the Fermi level Ti-d orbitals,
which indicate that both interfaces possess metallic properties. Fig. 10(a) shows the
PDOS of the O-Ti interface. With in the range of _5.7 to _4 eV, there are peaks at the O-p
orbitals and Ti-d orbitals, and the peak intensity of the O-p orbitals is higher

than that of the Ti-d orbitals, which indicate the formation of Ti-O ionic bonds between
them. Within the range of -4 to -2 eV, peaks appear at the N-p orbitals and O-p orbitals,
and the intensities of the two orbitals are approximately the same, suggesting the
formation of N-O covalent bonds between them. Fig. 10(b) shows the PDOS of the O-N
interface. Within the range of _5 to _3 eV, there are peaks at the O-p orbital and the

Ti-d orbital, and the peak intensity of the O-p orbital is higher than that of the Ti-d orbital,
which indicate the formation of Ti-O ionic bonds between them. Within the range of -3.7
to 2 eV, peaks appear at the N-p orbital and the O-p orbital, and the peak intensities of
the two orbitals are approximately the same, indicating the formation of N-O covalent
bonds between them. Within the range of -2 to 0.2 eV, there are peaks at the O-p orbital
and the Ti-d orbital, and the peak intensity of the O-p orbital is higher than that of the Ti-
d orbital, which indicate the formation of Ti—O ionic bonds between them.

4. Conclusions

(1) The minimum mismatch degree between the Y203 (111) plane and TiN (110) plane is
8.19%, which indicates that the heterogeneous nucleation effect of Y203 on TiN is
moderatelyeffect ive.

(2) The surface models of Y203 (111) and TiN (110) were selected to conduct surface
energy convergence tests. It was found that when the number of layers of the TiN (110)
surface model reached 9, the surface energy converged to 2.75J m_2.



(3) The interfacial adhesion work and interfacial energy of four Y203(111)//TiN(110)
interface models were calculated. Among them, the interfacial adhesion work of the O—

N interface is the largest, which is 0.45 ) m. Meanwhile, the interfacial energy of the O—
N interface is the smallest, which is 3 J m™2. Therefore, the O-N interface model is the
most stable. Its chemical bonds are mainly the combination of Ti—O ionic bonds and N—
O covalent bonds.
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Table 1 Mismatch degree of the low-index planes of Y205 and TiM

Matching plane  Y204(111)/TiN(110) Y¥04(110)//TIN(111)
[uvwl,o, (1fo] [112] [111]  [112]  [in]  [114]
(v g [001] [110]  [111] [110] [112] [101]
4 1") 0 0 0 0 0 5.264
dy 0, |;ﬁ.] 3.84 6.652  7.681 AA52 9407 11522
drirg (A 4.23 5993 734 5993 10.86 11986
3 (%) 8.19 822

Table 2 Surface energy of the Y-terminated surface model on the Y205

(111) plane (J m~*)

Layer 3 F) 10 13 16

¥,05(111) 3.76 1.27 0.54 0.59 0.58

Table 3 Surface energy of the Ol-terminated surface model on the Y205

(111) plane (I m—=)

Layer 3 i 9 12 15

Yo04(111) 0.81 0.69 069 065 0.67

Table 4 Surface energy of the O2-terminated surface model on the YaO0s
2

(111) plane (J m—)

Layer 3 8 11 14 17

Y,05(111) 0.81 1.18 1.32 1.19 1.12

(%]

Table 5 Surface energy of the TiN(L10) surface model (J m™*)

Layer 5 7 9 11 13

TiN(110) 2.82 3.09 2.75 2.76 2.8
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Fig. 2 Bulk phase properties of Y203: (a) energy band structure; (b) density of states
diagram.
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Fig. 3 Bulk phase properties of TiN: (a) energy band structure; (b) density of states
diagram.
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Fig. 4 Surface models of Y203 and TiN: (a) Y203(111) with Y atom termination; (b)
Y203(111) with O1 atom termination; (c) Y203(111) with O2 atom termination; (d)
TiN(110).
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Fig. 5 Four interface models of Y203 and TiN interface. (a) Y-Ti; (b) Y-N; (c) O-Ti; (d) O-N.
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Fig. 6 Energy variation diagrams of four Y203 (111) and TiN (110) interface models with

respect to the interface spacing.

15
13.43 Wad
12,06 ¥
10
—
(o]
£ s
=) 3.39 3
R
i
.45
E 0 (.06 it
|
-5 4
-7.43
'”J ‘S SI T T T o T T T
WaTi Wl 0-Ti =N
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Fig. 8 Charge density map of the (100) section of Y203 (111) and TiN (110) interface
models: (a) O-Ti interface; (b) O-N interface.
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Fig. 9 Differential charge density of the (100) section of Y203 (111) and TiN (110)
interface models: (a) O-Ti interface; (b) O-N interface.
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Fig. 10 PDOS of Y203 (111) and TiN (110) interface models: (a) O-Ti interface; (b) O-N
interface.



