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1 |  INTRODUCTION

Spinel‐type transparent ceramics have good mechanical 
properties such as high strength and high hardness, as well as 
good thermal stability. Moreover, there is no scattering due to 
the anisotropy in the polycrystalline ceramic because of the 
cubic and isotropic crystal structure, leading to the high op-
tical transmittance of spinel‐type transparent ceramics from 
the ultraviolet to mid‐infrared wavelength. Therefore, spinel‐
type transparent ceramics can be applied to both defense and 
commercial areas, such as transparent armors, infrared win-
dows, domes, and lenses.1,2

As one of the spinel‐type transparent ceramics, MgAlON 
transparent ceramic has both a broad optical transmission 
range from 0.22 to 6.24 μm, and good thermal‐mechanical 
properties.3,4 Furthermore, MgAlON transparent ceramic 
also has been functionalized by doping rare‐earth and tran-
sition metal cations for solid phosphor converters.5‒7 Thus, 

MgAlON is a very attractive material for manufacturing op-
tical components with high performance. All these applica-
tions usually need the sample with high transparency, large 
size, and sometimes complicated shape. Therefore, the shap-
ing process of MgAlON transparent ceramic is extremely 
important.

Aqueous gelcasting is a well‐established and environ-
mentally friendly colloidal processing technology for mak-
ing ceramic green bodies with high quality and complicated 
shape,8‒10 which has been applied to the shaping of var-
ious transparent ceramics, such as alumina, MgAl2O4, and 
AlON.11‒19 During the aqueous gelcasting process, one of 
the critical steps is to prepare stable ceramic slurry with 
high solid loading and low viscosity. Unfortunately, it is re-
ported that the ceramic powders of the spinel‐type materials 
are always hydrolyzed in aqueous medium due to their basic 
nature,16,20 which makes it difficult to obtain stable and ho-
mogenous aqueous suspension with high solid loading.21,22 
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Abstract
Magnesium aluminum oxynitride (Mg0.27Al2.58O3.73N0.27, termed as MgAlON) ce-
ramics with high transparency and complicated shape was prepared by aqueous gel-
casting, pressureless sintering, and followed by hot isostatic pressing. No obvious 
hydration was found by the characterizations of X‐ray diffraction, pH value, Fourier 
transform infrared and thermal analysis for the interaction between MgAlON spi-
nel powders and water, leading to the stable MgAlON slurry with high solid load-
ing (52 vol%) and low viscosity. This result may be due to different composition 
of MgAlON from that of MgAl2O4 and AlON. Besides, transparent MgAlON ce-
ramic (1.95 mm in thickness) with a high in‐line transmittance ~86.3% at 3.7 μm 
was fabricated. The refractive index ~1.7499 at 589.3 nm and absorption coefficient 
~1.2 cm−1 at 5 μm of MgAlON are between those of AlON and MgAl2O4 transparent 
ceramics, and Abbé number ~73.66 of MgAlON is the highest.
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To overcome this difficulty, a lot of work so far has been 
focused on introducing surfactants to prevent hydrolysis of 
powders. For instance, orthophosphoric acid (H3PO4) and 
stearic acid (C18H36O2) have been used to control the hy-
drolysis of MgAl2O4 and AlON spinel powders.17,19,23,24 
However, it is quite difficult to exclude the phosphate layer in 
the following binder burnout process and some of the added 
organic compounds are toxic. Hence, it is imperative to find 
a method to inhibit the hydrolysis of spinel powders without 
the surface treatment of powders. As we all know, the com-
position of ceramic powders also has influence on their phys-
ical and surface chemical properties.25‒29 In this regard, it is 
worth studying the surface chemical properties of MgAlON 
powder in water owing to its composition is different from 
that of MgAl2O4 and AlON.

In addition to the stability of the slurry, the strength of 
green body is quite crucial for shaping components with 
large size and complicated shape. Since sufficient strength 
can make the green body support its own weight, it can be 
processed without shape deformation.30 During aqueous 
gelcasting, one of the most important effects on the strength 
of green body is the gel network generated by the in‐situ po-
lymerization of organic monomers. In previous works, the 
commonly used gelcasting systems for spinel transparent ce-
ramics were acrylamide‐N,N′‐methylenebisacrylamide (AM‐
MBAM), methacrylamide‐N,N′‐methylenebisacrylamide 
(MAM‐MBAM), as well as isobutylene and maleic anhy-
dride (PIBM).16‒19 In these systems, since the main compo-
nent of AM‐MBAM is a neurotoxin, the application of the 
acrylamide system is limited.31 While it is beneficial to use 
the PIBM both as dispersant and gelling agent for reducing 
the introduction of organic additives, the bending strength 
of green body is relatively low (<10  MPa).18 In contrast, 
MAM‐MBAM has much lower toxicity than AM‐MBAM,32 
and the green body possesses sufficient strength (10‐20 MPa) 
to permit machining.24,33 Besides, the content of monomer 
and cross‐linker is easily controlled due to the good gelation 
properties. Thus, the MAM‐MBAM could be applied to the 
fabrication of MgAlON green body with high strength.

In this work, we first focused on the interaction between 
MgAlON spinel powders and water. Then the rheology of 
slurry and the strength of green body were investigated. 
The stable slurry with high solid loading (52  vol%) and 
low viscosity (95  mPa·s) was prepared using the non‐hy-
drolyzed powders without any anti‐hydrolysis treatment. 
Furthermore, the MgAlON green body with high strength 
(13.32 ± 0.30 MPa) and good homogeneity was obtained by 
aqueous gelcasting. Finally, transparent ceramics with supe-
rior quality were fabricated through pressureless sintering 
followed by hot isostatic pressing (HIP). The effect of the 
homogeneity of green bodies obtained by different shaping 
methods on microstructure and optical property of the trans-
parent ceramics was discussed.

2 |  EXPERIMENTAL PROCEDURE

The MgAlON and MgO·1.8Al2O3 (termed as MAS) pow-
ders were synthesized by solid‐state reaction as described 
in Refs.2,17, respectively. In aqueous gelcasting processing, 
methacrylamide (MAM, 98%, Ourchem Chem. Co., China) 
was used as the monomer, and N,N′‐methylenebisacryla-
mide (MBAM, 97%, Alfa Aesar Chem. Co., USA) was 
used as the cross‐linker to form the organic network by 
chemical reaction. The mass ratio of MAM to MBAM was 
10:1, and 5‐30 wt% total organic chemicals were added to 
the premixed aqueous solution with different MAM con-
tents. Tri‐ammonium citrate (TAC, 97%, Alfa Aesar Chem. 
Co., USA) was added to the suspension as a dispersant. 
The MgAlON slurry was prepared by stirring for 4 hours 
with the solid loading being 52 vol%. Then the slurry was 
degassed in a self‐made vacuum device for 30  minutes 
after introducing the 1.0 vol% initiator ammonium persul-
fate (APS, 98%, Alfa Aesar Chem. Co., USA). After add-
ing the 0.5  vol% catalyst N,N,N′,N′‐tetramethyl ethylene 
diamide (TEMED, 99%, Alfa Aesar Chem. Co., USA), the 
slurry was agitated slowly and cast into a steel mold. After 
gelation and demolding, the MgAlON wet green body 
was dried at the room temperature for 24  hours and fur-
ther dried at 100°C with a heating rate of 0.5°C/min for 
12 hours. The burnout of organic additions was carried out 
in a muffle furnace at 650°C for 3 hours with a heating rate 
of 1°C/min. For comparison, the same powders were also 
compacted by dry pressing (15 MPa, 1 minutes) followed 
by cold isostatic pressing (CIP, 200 MPa, 5 minutes). The 
obtained gelcasted (termed as GC) and dry pressed (termed 
as DP) green bodies were presintered to the pore‐closed 
state by pressureless sintering at 1850°C for 2 hours under 
N2 atmosphere. Then HIP sintering was carried out at 
1880°C for 5  hours under Ar pressure of 180  MPa. The 
ceramics obtained after HIP sintering were labeled by HIP‐
GC and HIP‐DP, respectively. The HIP‐GC samples (�
20 × 4.86 mm, �36 × 1.95 mm) and the HIP‐DP sample (�
20 × 1.95 mm) were ground and then mirror‐polished on 
both surfaces.

In order to investigate the effect of water on the different 
spinel powders, both MgAlON and MAS powders were im-
mersed in the distilled water with being stirred for 30 hours 
and then fully dried. These dried powders are termed as 
MgAlON‐30h and MAS‐30h, respectively. Particle size of 
the synthesized MgAlON powders was characterized using 
the laser diffractometry (Model 2000, Mastersizer, Malvern, 
UK). Phase identification of the MgAlON and MgAlON‐30h 
powders was conducted by X‐ray diffractometry (XRD, 
Model X'Pert PRO of Panalytical, Almelo, Netherlands) 
at room temperature with monochromatized Cu Kα radia-
tion. Functional groups of MAS, MAS‐30h, MgAlON, and 
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MgAlON‐30h powders were analyzed by Fourier transmis-
sion infrared absorption spectroscopy (FT‐IR, Thermo Nicolet 
6700, Thermo Nicolet Corporation, Washington, USA) at 
room temperature in the wavelength ranged 400‐4000 cm−1 
using the Nujol mull method.17,34 The thermal decomposition 
of these spinel powders was studied by simultaneous ther-
mogravimetry, differential scanning calorimetry, and evolved 
gas analysis‐mass spectrometry (TG‐DSC‐MS, STA449F5, 
NETZSCH, Germany) at a heating rate of 10°C/min under 
air flow (50 mL/min). Surface elements of MgAlON powders 
were observed by X‐ray photoelectron spectroscopy (XPS, 
ESCALAB 250Xi, Thermo Fisher Scientific, USA) with Al 
Kα X‐ray radiation (1486.6eV) under an ultrahigh vacuum 
(<10−7 Pa). The C 1s peak at 284.8 eV was used to calibrate 
the binding energy. Zeta potentials of the MgAlON powders 
in dilute suspension were characterized with electrophoretic 
mobility (ZetaPlus, Brookhaven, USA) using hydrochloric 
acid and ammonium hydroxide for pH adjustment. The pH 
value of the MgAlON aqueous suspension was monitored at 

room temperature with a digital pH meter (Model AS600, 
ASONE Co., Japan). The viscosity of the MgAlON slurry 
was measured using a rotational rheometer (LVDV‐Ⅱ+P, 
Brookfield, USA) at a shear rate ranging from 0.01  s−1 to 
56 s−1. The bending strength of green body was tested using 
a three‐point bend fixture on bar sample (35 × 3 × 4 mm) by 
a universal testing machine (Model 810; MTS Systems Inc., 
Minneapolis, MN) at room temperature, and the value was 
the average of five samples. The density of green body was 
determined by geometry and the density of sintered samples 
was measured using Archimedes method. The relative density 
was calculated based on the theoretical density of 3.645 g/cm3 
for MgAlON. Pore size distribution was evaluated via a mer-
cury porosimetry (AutoPore Ⅱ 9500, Micrometrics Instrument 
Co., USA). The full width at half maximum of the pore size 
distribution was obtained by fitting the pore size distribution 
based on the Gaussian distribution function.35 Microstructure 
of the chemically etched ceramic was observed by scanning 
electron microscopy (SEM, Model S‐3400, Hitachi, Tokyo, 
Japan). The average grain size and distribution of grain size 
of the ceramic was estimated from optical images using the 
linear intercept method by counting over 250 grains. In‐line 
transmittance of the polished transparent MgAlON ceramic 
was determined in the range of wavelength between 0.2 
and 7  μm by spectrometers (Model UV‐2550, Shimadzu, 
Kyoto, Japan for 0.2‐1  μm; Model Nexus; Thermo Nicolet 
Corporation, Madison, WI for 1‐7 μm). Refractive index of 
HIP‐GC sample was tested using a spectroscopic ellipsome-
ter (ME‐L, Wuhan Eoptics Technology Co., Ltd, China)36,37 
at a reflection measurement mode.

3 |  RESULTS AND DISCUSSION

3.1 | Surface characteristics of MgAlON 
powders
The XRD patterns of MgAlON and MgAlON‐30h pow-
ders were compared as shown in Figure 1A. All the peaks 
match very well with those of the cubic spinel structure 
(PDF#8‐0340). In addition, as illustrated in Figure 1B, the 
pH value of slurries prepared by MgAlON and MAS powders 
both had slight decrease in the first few hours, which may 
be owing to the ammonia volatilization produced by the pH 
adjuster. Then the pH value of MgAlON slurry was nearly 
kept constant even after 24  hours. Nevertheless, in com-
parison with MgAlON, the pH value of MAS slurry varied 
greatly from 10.5 to 9.25 during the next 26 hours, which is 
consistent with previous study.19 This phenomenon implied 
that these two powders exhibit different surface chemical 
properties.

In order to better understand the effect of water on the 
different spinel powders, MAS, MAS‐30h, MgAlON, and 
MgAlON‐30h powders were analyzed by FT‐IR with Nujol 

F I G U R E  1  XRD patterns of MgAlON powders, MgAlON‐30h 
powders, MgAlON‐PS ceramics, and MgAlON‐HIP ceramics (A), 
change in pH with time for the MgAlON and MAS powders in 
slurries (B). MAS, MgO·1.8Al2O3
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mull method to avoid the influence of water in air during the 
test process (see Figure 2).17,34 It can be observed that four 
absorption bands around 2930 cm−1, 2856 cm−1, 1468 cm−1, 
and 1374  cm−1 are the characteristic bands of Paraffin 
Oil.38 Furthermore, the absorption bands between 400 and 
1000 cm−1 can be assigned to vibrations of MgO4 tetrahedral 
and AlO6 octahedral groups.39,40 In Figure 2A,B, both MAS 
and MAS‐30h exhibited the very broad, strong band of the 
–OH at around 3500 cm−1.23 All those bands are due to the 
chemically adsorbed water on metal cations.25,41 Additional 
minor absorption bands at 1156 cm−1 and 1090 cm−1 are as-
signed to the symmetric and asymmetric Al–O–H bending 
vibrations of the γ‐AlOOH, respectively.42 These indicate 
that surfaces of MAS and MAS‐30h powders were covered 
with hydrated alumina layers (γ‐AlOOH and Al(OH)3), or 
brucite (Mg(OH)2) layers due to their basic nature.23 In addi-
tion, it can be seen from Figure 2A that even if MAS powders 
were not immersed in water, hydrated layers had been formed 
during storage. Moreover, the absorption band at 3500 cm−1 
for MAS‐30h is deeper than that for MAS, which reveals 
that the hydration reaction of MAS‐30h powders was more 
intense. However, these absorption bands associated with 
hydrated layers were not observed in the FT‐IR spectra of 
MgAlON and MgAlON‐30h powders (see Figure 2B).

The TG‐DSC‐MS profiles of MAS, MAS‐30h, MgAlON, 
and MgAlON‐30h powders further verified the difference 
between them, as demonstrated in Figure 3. In Figure 3A,B, 
the smooth TG profiles indicated two major weight losses at 
around 235°C and 335°C, and the MS profiles of released 
water (mass‐to‐charge ratio, m∕z = 18) displayed two peaks 
at the similar temperatures. Besides, the DSC contour showed 
two major endothermic peaks at around 235°C and 335°C. It 

F I G U R E  2  FT‐IR spectra of MAS (A), MAS‐30h (B), MgAlON 
(C) and MgAlON‐30h (D) powders. MAS, MgO·1.8Al2O3

F I G U R E  3  TG‐DSC profiles and 
the MS fragment ion curves for water 
(m∕z = 18) with temperature of MAS 
(A), MAS‐30h (B), MgAlON (C), and 
MgAlON‐30h (D) powders. MAS, 
MgO·1.8Al2O3
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is well known that peaks shown below 500°C are always due 
to the dehydration of various water molecules and dehydrox-
ylation of OH groups.26 The peak at around 235°C belongs 
to the dehydroxylation of Al(OH)3 and another one at around 
335°C belongs to the dehydroxylation of Mg(OH)2 owing to 
the higher thermal stability of Mg(OH)2.

26,43 These results 
confirmed the surfaces of MAS and MAS‐30h powders were 
covered with hydrated layers. Furthermore, it can be seen 
from the TG curves that the weight loss of MAS‐30h pow-
ders is more than that of MAS powders, which indicates that 
these hydrated layers were further developed during the im-
mersion of powders with water. However, as shown in Figure 
3C,D, MgAlON and MgAlON‐30h powders hardly lost any 
weight and released any water with the temperature increas-
ing. All of the data above testified that there is no obvious 
hydration during the interaction between MgAlON powders 
and water, which makes MgAlON powders quite suitable for 
aqueous gelcasting shaping.

To explain the observed behavior, we could consider that 
the surface chemical characteristics of MgAlON powders 
are related to the surface composition and structure. To 
investigate the composition of the surface layers, the XPS 
spectrum of MgAlON is interpreted as shown in Figure 4A. 
Only the photoelectron peaks of Mg, Al, O, N elements, 
and contaminated C were detected. Compared with the 
XPS spectrum of MgAl2O4,44 there is an N element intro-
duced. This difference can be also observed from the FT‐IR 
spectra, where the appearance of a small shoulder at about 
920 cm−1 is likely correlated to the presence of nitrogen.45 
In addition, the N1s binding energy of MgAlON is illus-
trated in Figure 4B, and the photoelectron peak was located 
at approximately 395.04 eV. This is different from the N1s 
peak of AlON and AlN reported in the literatures, while the 
N1s binding energy of AlON is similar to that of AlN.17,46 
These imply that the environment of N1s in the surface of 
MgAlON powders may be changed compared with AlON 
and AlN. Thus, it is assumed that the different surface 
chemical properties of MgAlON powders from those of 
MAS and AlON may be due to the distinctive composition 
and structure of MgAlON. Further mechanistic studies are 
currently in progress.

3.2 | Characteristics of MgAlON suspension  
and green body by aqueous gelcasting
The stable slurry with high solid loading is more advanta-
geous for obtaining a green body with good homogeneity, 
high density, and high strength by gelcasting. In order to ob-
tain the stable MgAlON slurry with high solid loading, the 
effect of TAC dispersant on the zeta potential of MgAlON 
powders was measured. As revealed in Figure 5A, with the 
addition of TAC, the isoelectric point of MgAlON shifted 
from a pH value of 7.8 to 5.4, and the powders achieved the 
higher absolute value of zeta potential at pH > 7. According 
to DLVO theory,47 the preparation of stable and high solids 
loading aqueous suspensions requires a zeta potential greater 
than ±40 mV. The MgAlON powders dispersed with TAC 
exhibit that the absolute value of zeta potential is between 40 
and 50 eV, which enables the preparation of a stable aqueous 
suspension.

To optimize the amount of the dispersant, we tested the 
rheological property of 52 vol% solid loading MgAlON slur-
ries with different TAC contents. As shown in Figure 5B, it 
is clear that all slurries exhibited a shear‐thinning behavior as 
the shear rate increases. In the inset of Figure 5B, the viscos-
ity apparently decreased when the content of TAC increased 
from 0.1 to 0.3 wt%, implying that TAC is an effective dis-
persant for MgAlON. But when the TAC content was further 
added from 0.3 to 0.4 wt%, the viscosity began to increase 
slightly. It can be considered that the adsorption of the dis-
persant on the surface of ceramic powders has reached sat-
uration. Besides, the excessive organic addition can reduce 
the density of the green body after debinding. Therefore, we 
chose 0.3 wt% as the amount of TAC dispersant to prepare 
the MgAlON slurry.

The effect of MAM concentration on the bending strength 
of MgAlON green body is displayed in Figure 6. The mass 
ratio of MAM to MBAM in all test samples was as 10:1. The 
bending strength of green body was largely enhanced from 
6.74 ± 0.27 to 13.32 ± 0.30 MPa when the MAM concen-
tration was increased from 5 to 20 wt%. The improvement of 
bending strength is attributed to the formation of the polymer 
network. However, the addition of 25  wt% MAM or more 

F I G U R E  4  XPS survey spectrum 
of MgAlON powder (A) and N1s binding 
energy regions of MgAlON, AlON,17 and 
AlN46 (B)
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led to a decrease in bending strength. This change is due 
to the entanglement or flocculation of extra MAM among 
the particles, which resulted in the inhomogeneous micro-
structure of the green body. Here, it is demonstrated that 

the MAM‐MBAM system is effective to fabricate MgAlON 
green body with high strength.

The pore size distribution of the calcined GC and DP green 
bodies can be seen from Figure 7, while the data of pore size 
distribution and relative density are summarized in Table 1. 
According to Krell et al,48 the pore size distribution could 
reveal the degree of microstructural homogeneity of green 
body. The GC green body exhibited a narrower pore size 
distribution than the DP green body. Moreover, the average 
pore sizes of the GC and DP green bodies were 183.5 nm and 
203.9 nm, respectively. This is mainly because the dispersion 
efficiency and stability of slurry can improve the pore size 
distribution of GC green body.49 Besides, we calculated the 
relative density of GC and DP green bodies from the cumula-
tive intrusion as 60.42% and 55.53%, respectively. Based on 
the pore size distribution, it is considered that the GC green 
body is more homogenous and denser than DP green body.

In addition, from Kozeny equation,50 one can express the 
pore size to green density as follows:

where dpore is the mean pore size, Dparticle is the average par-
ticle size, and �g is the geometrically measured green density. 
The Kozeny equation is based on the assumption that green 
body contains only small, homogeneously distributed pores. 
Therefore, the homogeneity of green body can be quantified 
by the deviation of the data from measurement and Kozeny 
Equation 50 As can be seen from the Table 1, in DP green body, 
the deviation between measured and predicted mean pore size 
is greater than that of GC green body. This result indicates the 
existence of larger pores in DP green body. So it is concluded 
that the gelcasting can enable more homogenous and densifica-
tion in the green body. As will be described below, the homoge-
neous and high‐density green body facilitates the achievement 
of high‐quality transparent ceramic.

3.3 | Characteristics of MgAlON 
transparent ceramic
As can be demonstrated from the XRD patterns of Figure 
1A, ceramics after presintered (MgAlON‐PS) and post‐HIP 
sintered (MgAlON‐HIP) was single phase spinel structure 
without any other phases. Moreover, there was no obvious 
preferential orientation in sintered ceramics. Microstructures 
of MgAlON transparent ceramics after post‐HIP sintered and 
the distribution of grain size obtained from micrographs are 
shown in Figure 8. It can be seen that the grain boundaries 
of the HIP‐DP and HIP‐GC ceramics were very clean and no 
secondary phase was detected, which is consistent with the 
results of XRD. However, a small amount of intragranular 

(1)dpore =
2

3

(

1−�g

�g

)

Dparticle

F I G U R E  5  Effect of TAC addition on zeta potential (A) and 
viscosity (B) of MgAlON slurry. TAC, tri‐ammonium citrate

F I G U R E  6  Effect of MAM content on bending strength of 
MgAlON green body. MAM, methacrylamide
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pores can be observed in the HIP‐DP sample because the 
large pores of the DP green body were difficult to be elimi-
nated during the sintering process.48 In the HIP‐GC sample, 
almost no residual pores were observed at the triangular 
grain boundaries or inside the grains. The densities of the 
HIP‐DP and HIP‐GC ceramics were 99.84% and 99.93%, 
respectively. In addition, Figure 8C,D shows that the grain 
size of HIP‐DP ceramic tends to be larger and more widely 
distributed than that of HIP‐GC. The average grain sizes of 
the HIP‐DP and HIP‐GC ceramics were about 59.9 ± 1.2 μm 
and 42.6 ± 0.8 μm, respectively, which were obtained by the 
linear intercept method.51 On the basis of these results we can 

conclude that the microstructure of HIP‐GC sample is denser 
and more homogeneous than that of the HIP‐DP sample. This 
morphology is in agreement with the homogeneity and densi-
fication of the green body.

The in‐line transmission spectra of MgAlON transparent 
ceramics with different shaping processes and different thick-
ness are shown in Figure 9. The inset gives photographs of 
MgAlON plates and dome. The in‐line transmittance of HIP‐
GC sample with 1.95  mm thickness reached 86.3% at the 
wavelength of 3.7 μm, which is higher than that of HIP‐DP 
specimen with the same thickness (nearly 84%). The lower 
transmittance of HIP‐DP sample is mainly due to the pres-
ence of residual porosity which becomes the scattering center 
and reduces the transmittance. Besides, the in‐line transmit-
tance of HIP‐GC sample is close to the theoretical limit from 
visible to near infrared region. Furthermore, with the increase 
in thickness, the HIP‐GC sample exhibited similar excellent 
optical performance. These good optical properties are due 
to the high purity, high density, and good homogeneity of the 
ceramics. In all of these spectra, the weak absorption peaks 
around 3  μm may be attributed to the OH absorption pro-
duced by the water physically adsorbed by the ceramic in air 
during the test process.4 In addition, we obtained the absorp-
tion coefficient by measuring the transmittance of MgAlON 
with thicknesses of 1.95 and 4.86 mm. The absorption coef-
ficient is given by:52

where Ti is the transmittance of each sample and bi is their 
thickness.

The wavelength dependence of the refractive index for 
MgAlON transparent ceramic is displayed in Figure 10. 
Based on the simple dispersion theory, the dispersive be-
havior can be described by the typical Sellmeier dispersion 
equation:53

where A, B, C and D as Sellmeier parameters can be calculated 
by fitting the data from the experiment. The correlation coef-
ficient between the fitted curve and the experimental data is 

(2)�=
ln

(

T1

T2

)

b
2
−b

1

(3)n2−1=
A�2

�2−B2
+

C�2

�2−D2

F I G U R E  7  Pore size distributions of MgAlON green bodies 
obtained by gelcasting and dry pressing: cumulative intrusion 
(A) and incremental intrusion (B)

T A B L E  1  Pore size distribution and green density of MgAlON green bodies obtained by gelcasting and dry pressing

Green body Dparticle(nm) �g(%) dpore(nm)
Measured mean 
pore size (nm) FWHM (nm)

Cumulative pore 
volume (mL/g) Green density (%)

GC 450 60.9 192.6 183.5 56.4 0.18 60.42

DP 450 55.3 242.5 203.9 74.2 0.22 55.53

Abbreviations: DP, dry pressed; FWHM, full width at half maximum; GC, gelcasted.
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better than 99.99%, as illustrated in Figure 10. So the refractive 
index for MgAlON ceramic can be written as.

The Abbé number can be calculated as follows, which can 
measure the dispersion of optical materials:54

where subscripts D, F and C correspond to the Fraunhofer lines 
D (589.3 nm), F (486.1 nm), and C (656.3 nm), respectively.

The refractive index (nD), Abbé number and absorption 
coefficient at 5 μm of MgAlON AlON55,56 and MgAl2O4

56,57 
transparent ceramics are listed in Table 2. The refractive 
index (nD) ~1.7499 and absorption coefficient ~1.2 cm−1 at 
5 μm of MgAlON are between those of AlON and MgAl2O4 
ceramics. In addition, the Abbé number ~73.66 of MgAlON 
is the highest of the three materials, which exhibits the small-
est variation of n as the wavelength increases.54 Similar to 
the surface chemical characteristics of powders, changes in 
the optical properties of transparent ceramics may be due to 
differences in their composition and structure.

(4)n2−1=
2.0085�2

�2−0.09432
+

−1.6559�2

�2−24.81582

(5)�D =
nD−1

nF −nC

F I G U R E  8  Chemically etched surface 
of MgAlON transparent ceramic after HIP 
with different shaping process: HIP‐DP 
sample (A) and HIP‐GC sample (B). Grain 
size distributions of HIP‐DP sample (C) and 
HIP‐GC sample (D). HIP‐DP, hot isostatic 
pressing‐dry pressed; HIP‐GC, hot isostatic 
pressing‐gelcasted

(A) (C)

(D)
(B)

F I G U R E  9  In‐line transmittance of the transparent MgAlON 
samples with different forming processes and different thickness. The 
upper short dash line gives the theoretical limit (Tth =2n∕(n2 +1), with n 
refractive index). The inset gives photographs of MgAlON plates and 
dome

F I G U R E  1 0  Wavelength dependence of the refractive index 
of MgAlON transparent ceramic
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4 |  CONCLUSIONS

In summary, the composition of ceramic powders affects both 
the surface properties of ceramic powders and the optical prop-
erties of transparent ceramic. No obvious hydration was found 
during the interaction between MgAlON powders and water. 
As a result, the stable MgAlON slurry with high solid load-
ing (52 vol%) and low viscosity (95 mPa·s) was fabricated. 
Besides, by selecting proper gelcasting system, the MgAlON 
green body with high bending strength (13.32 ± 0.30 MPa) 
and homogeneous microstructure was prepared through aque-
ous gelcasting shaping technique. The in‐line transmittance 
of obtained MgAlON transparent ceramic was as high as 
86.3% at 3.7 μm. The refractive index (1.7499 at 589.3 nm) 
and absorption coefficient (1.2  cm−1 at 5  μm) of MgAlON 
transparent ceramic are between those of AlON and MgAl2O4 
ceramics, and the Abbé number (73.66) of MgAlON is the 
highest. This work provides a high reliable method for fabri-
cating high‐quality MgAlON transparent ceramics with large 
size and complicated shape to meet applications.
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