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Abstract
Due to the outstanding creep and oxidation resistance of alumina-zirconia-based (Al203-ZrO2)

eutectic ceramics, as well as their superior microstructural stability, there has recently been
interest in the production of eutectic ceramics using laser additive manufacturing (AM)
techniques. Furthermore, it has been reported that various interesting microstructural features
are formed (in these materials) by varying the process parameters, especially the laser scanning
speed, associated with the above AM processes. This review paper provides an overview of the
current state of research in the field of laser-AM-AZ based eutectic ceramics and highlights the
challenges and prospects of this research direction. In addition, the need for correlative

microstructural characterization of these materials was highlighted in the perspectives section.
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1. Introduction
Alumina-based (AlI203) ceramics are widely used in industry due to their many beneficial

properties, especially low density, high compressive strength, wear resistance, electrical and
thermal insulation [1]. AI203 ceramic is a potential candidate for dental and orthopedic
applications due to its high purity material and good printing properties and biocompatibility
[2]. On the other hand, the layer-by-layer deposition of the materials used in laser additive
manufacturing (AM) results in large-scale microstructural inhomogeneities and crack formation
in the deposited layers due to thermal stress [3]-[12]. However, the (deposited) material must
have good fracture toughness to prevent cracking during layered deposition [3], [13]-[16].
Al203 ceramic. Its main drawback is its low fracture toughness, which precludes the use of his
laser-based AM technique [1]. Addition of zirconia (ZrO2) to Al203 ceramics has proven to be
an effective method of increasing fracture toughness (for AM-based samples) through crack
bridging and deflection mechanisms. The effect of ZrO addition to AM-based His Al203 was
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reported by Pappas et al. explained. [1] Uses a laser direct deposition process. Li and Zhang
[17] studied the microstructure of Al203-ZrO2 (AZ) ceramics with ZrO2 concentrations above
35 wt% by direct laser deposition. According to Wilkes et al. [18], AZ ceramics can be
successfully fabricated without microcracks by preheating each layer (using a CO2 laser beam).
Homeny and Nick [19] studied the relationship between the eutectic ceramic structure and the
properties of his AZ-Y203. The stabilization of ZrO2 lamellae in rapidly formed eutectic AZ
ceramics was studied by Moreno and Yoshimura [20]. Addition of zirconia (ZrO2) to Al203
ceramics has proven to be an effective method of increasing fracture toughness (for AM-based
samples) through crack bridging and deflection mechanisms. The effect of ZrO addition to AM-
based His Al203 was reported by Pappas et al. explained. [1] Uses a laser direct deposition
process. Li and Zhang [17] studied the microstructure of AI203-ZrO2 (AZ) ceramics with ZrO2
concentrations above 35 wt% by direct laser deposition. Wilkes et al. [18] reported that
preheating each layer (using a CO2 laser beam) can eliminate microcracks in AZ ceramics.
Homeny and Nick [19] studied the structure-property correlation of AZ-Y203 eutectic
ceramics. Moreno and Yoshimura [20] studied the stabilization of ZrO2 lamellae in rapidly
solidified AZ eutectic ceramics. The microstructure and physical properties of directionally
solidified AZ eutectic ceramics were reported by Trnovcova et al. [21]. By introducing his three
recent works in this field, this article aims to provide an overview of the current state of research
in the field of eutectic ceramics based on his Laser-AM AZ. Short future prospects in this

direction were also highlighted at the end of the article.
2. Relevant topics

2.1 Characterization of colonial boundaries in laser-directed energy deposition-fabricated
AZ-GdAIO3 eutectic ceramic

The microstructure of eutectic AZ-GdAIO3 ceramics fabricated by LDED (Laser Directed
Energy Deposition) technique was reported by Liu et al. Examined. [twenty two]. The formation
of periodic stripes in the building direction (BD) has been shown, which is attributed to the
anomalous growth of nanoscale structures along the weld pool [22]. A “kanji” eutectic structure
is found within the eutectic colony [22], intersecting the light (GdAIO3) and dark (Al203)
phases. It was also noted that the longitudinal section of the colony has a cylindrical
morphology and extends perpendicular to the BD [22]. The heat transfer behavior within the
melt pool that grows the microstructures against the heat flow is mainly due to the colony shape
(longitudinal section) mentioned above. Furthermore, the eutectic distance was found to
decrease from ~0.63 + 0.11 um at the sample surface to ~0.99 + 0.08 um in the center of the
sample [22]. This is explained by faster cooling at the surface than inside the sample [22]. A

concave band can be seen along the BD in Fig. 1(a). Colonial boundaries can be clearly seen in



the various levels of the cladding layer microstructure based on scanning electron microscopy
(SEM) shown in Fig. 1(b)-(d).

periodic banded structure, (b) Left side of a deposited layer, (c) Centre of a deposited layer,
and (d) Right side of a deposited layer [22].

2.2 Microstructure obtained during solidification of selective laser melted AZ-GdAIOs
eutectic ceramic

The effect of laser scanning speed on the strengthening of AZ-GdAIO3 eutectic ceramics
during selective laser melting (SLM) technique was reported by Liu et al. report.
Examined. [23]. It was found that the relative density of the solidified sample decreased
from 98.7% to 95.7% when the laser scanning speed was increased to 48 mm/min [23]. It
was observed that both melt width and melt depth decreased with increasing scan speed.
This is further evidence that conduction is the most important heat transfer mechanism
associated with the solidification process [23]. An interesting finding is that the eutectic
distance at the top of the weld pool first decreases from 6 mm/min to 12 mm/min with
increasing laser scan speed, and then decreases to 12 mm/min with increasing laser scan
speed. is to increase to Max 48mm/min. speed [23]. The above relationship between
eutectic distance and scanning speed was explained by the change of the solidification rate
determinant from laser scanning speed to the angle between the scanning direction and the
microstructure growth direction [16], [23]. At scan speeds below 12 mm/min, quenching
has been observed to induce microcracks and increase surface roughness (due to abrasion
effects and the presence of microstructural pores) [23]. Furthermore, it has been reported
that solidification defects are reduced when the laser scanning speed is less than 12
mm/min [23].

2.3 Nanostructured AZ-YAG fabricated using laser engineered net shaping technique

Using the LENS method, Fan et al. [24] reported the fabrication of highly dense (98%) thin-walled
Al203-YAG-ZrO2 (AYZ) eutectic ceramics. The three phases, namely -Al203, YAG, and ZrO2-,

interpenetrate in the as-synthesized state of the material and exhibit a cellular microstructure [24]. A

morphology change from planar to cellular eutectic microstructure (along the BD) was also observed in



each deposited layer [24]. Images of his as-fabricated AYZ ceramics taken with scanning transmission
electron microscopy (STEM) and high angle ring dark field (HAADF) are shown in the Fig. 2(a) [24].
Matched energy dispersive spectroscopy (EDS) STEM maps of Al, Y, Zr, and O are shown in the Fig.
2(b-e). As is clear from the illustration (Fig. 2(b—e)), the dark, gray and bright phases in the STEM-
HAADF image (Fig. 2(a)) correspond to -Al203, YAG and cubic ZrO2 phases. Moreover, as seen in the
illustration (Fig. 2(b—e)), Y203 is dissolved in ZrO2 in the as-produced state, indicating that cubic ZrO2
is stabilized by Y** during solidification (during LENS). [24].

Fig. 2 AYZ: (a) STEM-HAADF image, and corresponding STEM-EDS maps of (b) Al, (c) Y,
(d) Zr, and (e) O [24]. Points 1, 2 and 3 marked in part (a) represent the regions where point
EDS mapping has been performed.

A fibrous eutectic structure is also claimed to interpenetrate randomly along the boundaries of

the generated samples [24]. This is explained by the significantly faster solidification rate in the
edge region compared to the interior of the sample [24]. Furthermore, the orientation
relationship between the three phases in the LENSed sample was confirmed using Kikuchi
transmission diffraction between 001YAG and 001ZrO2 containing 11-20AI1203, 0001>Al203
/I 001>YAG /I 001>ZrO2 (only 3.5 ° deviation). (TKD) technique and verified by high-
resolution transmission electron microscopy (HRTEM) imaging of the triple junction between
the AI203, YAG and ZrO2 phases (Fig. 3) [The above differences are due to the growth
kinetics and interfacial energy [24] ]. For example, the better parallelism of 11-20 Al203//001
ZrO2 compared to 11-20 AI203//001 YAG [16], [24] and the lower interfacial energy of the
Al203/ZrO2 interface (0.74 J/m2) compared to the AI203/YAG interface with an interfacial
energy of 3.23 J/m2 [24].

o/ 1001] YAG // [001] ZrO,




Fig. 3 AYZ shows the following images: (a) SEM image of the electron transparent lamella of
the transverse section of the LENSed specimen created using the Focused lon Beam (FIB)-
based liftout technique; (b) SEM image of the region of interest for TKD mapping inside the
cellular eutectic; (c), (d), and (e) TKD-based inverse pole figure (IPF) maps of Al203, A closer
look at the area that was highlighted using a red-dotted rectangle in part (a) has been shown in
part (b).

A longitudinal segment of a LENSed AYZ sample with TKD analysis along the BD is shown in
Fig. 4 using SEM images [24]. The cell eutectic growth direction is <0001>Al203 //
<001>YAG /[ <001>ZrO2 [24], which is the same as for the cross section of the AYZ sample.
In the longitudinal section, YAG crystals with moderate growth direction can be seen [24] in
contrast to the cross section. This can be explained by the fact that these crystals (found mainly
at cell boundaries as in Fig. 1) are present. 4) deviating from the customary plane and walking
in the direction of cell elongation rather than parallel to it; Sayle and Farmer [25] and
Milenkovic Both [26] reported similar observations for AI203-ZrO2 and Ni-Al-V cellular

eutectic alloys, respectively.
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Fig. 4 AYZ shows (a) a SEM picture of the electron transparent lamella of the longitudinal
slice of the LENSed specimen created utilising the TKD-based Focused lon Beam (FIB)-based
liftout approach, and (b) the pole figures of -Al203, -YAG, and -ZrO2 [24]. In part (a), a block-
dotted rectangular box encloses the intercellular region from which the pole figures in part (b)
were derived. BD abbreviates for building direction in section (a).

(b)

ALO,

3. Future directions

This article briefly reviews the current state of research on AM laser-AM-based AZ ceramics.
The current goal (in this direction) is to improve the microstructure (in several process
parameters related to AM-based production methods) so that these ceramic materials are
mechanically better than materials produced by conventional methods. optimization). The
characterization of different interfaces, especially eutectic boundaries, in that context has not yet
been addressed in eutectic ceramics (especially AZ ceramics). For example, the case study
described in Chapter 4 is (so far) the only one that has been able to obtain electron-transparent
laminates in both transverse and longitudinal sections using the FIB-based flow-through
technique on AYZ ceramics. is a study to determine the relationships between individual phases
(-Al203, YAG and ZrO2) using the TKD technique. This applies to AM laser-based AZ



ceramics as well as other laser-based materials. Grain boundary engineering (GBE) for both
metallic and ceramic materials is based on the replacement of high-energy random high-angle
GBs (HAGBs) of various materials with low-energy random high-angle GBs (HAGBS). It has
evolved over the past 40 years. function optimizing technology. Energy GB [27], [28]. GBEs
have been described as a mechanism to replace normal HAGBs with special (low-energy)
HAGBES, also called coincident lattice boundaries (CSLs), which are more common in metallic
materials with cubic crystal structures [29]-[32]. . The whole GBE approach is based on
reducing the total energy of the GB microstructure so that the 2D interfaces (GB and IB) are
resistant to corrosion, oxidation, irregular grain development and intergranular fracture. 1 am
here. In addition, thermomechanical processing (TMP) is the most common method to fabricate
GBE microstructures in most metallic materials [33]. The existence of low-energy CSL barriers
is difficult to imagine because CSL theory does not work in ceramics with more complex crystal
structures [34]-[36]. In addition, the low strength of ceramics prevents the use of processes
(especially TMP) used in metallic materials to create GBE microstructures at both room and

high temperatures. Therefore, it is very difficult to create a GBE microstructure in AZ ceramics.

4. Summary and conclusion

Correlative microscopy [37], [38] is one of the recently developed approaches to link the
structure of GBs and interfacial barriers (IBs) with local composition at the atomic level (in
polycrystalline materials). This methodology is widely used, especially in the context of
metallic materials, to study the structure and composition of GBs, as well as the five
macroscopic and three microscopic degrees of freedom (DOFs) (of GBs and IBs). used.
However, there are still few studies on microstructural correlations related to AZ ceramics. The
complexity of the crystal structure and sample preparation may be the reason. Moreover, as
outlined in section 1, layer-by-layer material deposition is the basis of laser AM-based
processes. The complexity (regarding the creation of GBE microstructures) increases with the
emergence of large-scale microstructural inhomogeneities (with high defect concentrations) [39]
and non-equilibrium microstructures. Consequently, the ability to fabricate his GBE
microstructures in AM-based AZ ceramics opens up many possibilities for subsequent AZ

ceramics research.
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