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Abstract: Translucent Al,O; ceramics were prepared by vacuum sintering using Y>*, La’" and Mg”" as sintering aids

which were introduced via chemical precipitation. Effects of the sintering aids on microstructure, relative density

and optical transmittance of the translucent AL,O; ceramics were investigated. The results show that the sintering

aids are homogeneously dispersed in translucent Al,O3; ceramics. The optimal amount of the sintering aid intro-

duced is Mg™ (0.15wt%), Y>* (0.05wt%) and La>" (0.05wt%), and the corresponding sample shows the highest

total forward transmittance (above 80% in the wavelength range of 350-800 nm). Moreover, the addition of Y**

could promote grain growth and decrease porosity, thus the optical transmittance of the translucent Al,O; ceram-

ics is enhanced.
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Inspired by Coble's pioneering work on translucent
ALO; ceramics in the 1960s!"), the optical properties of
transparent (translucent) alumina ceramics have attracted
wide attention due to their potential application in the
field of high-pressure sodium lamps, metal-halide lamps,
transparent armor, etc'*”!. For example, the mid-infrared
transmittance of transparent Al,O3 ceramics prepared by
spark plasma sintering reaches 85%; The Al,O; ceramics
synthesized by Krell, et /! show a real in-line trans-
mission (RIT) of 55%—65%"). However, the optical
transmittance of Al,Os; ceramics is still far from the re-
quirements of practical application. In order to achieve
high transmittance, various methods have been employed
to restrain abnormal grain growth and minimize pores
formed in translucent Al,O; ceramics during preparation
process[é'g].

It is reported that sintering aids have significantly ef-
fects on grain size and porosity of transparent (translu-
cent) Al,O3 ceramics!” 1, Generally, MgO and rare earth
oxides (Y,0s;, La,03, ZrO,, etc.) are widely used as sin-
tering aids to optimize grain size, eliminate pores and
improve optical transmittance of Al,O; ceramic. In the
process of ceramic sintering, MgO plays a role of sup-

[11-12]

pressing grain-boundary migration . Rare earth ox-

ides could improve mechanical properties and corrosion

[13]

resistance of Al,O; ceramics' . Moreover, co-doping

could increase the solubility of MgO or decrease the
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(14-16] 1

evaporation of MgO during sintering process
addition, the dispersibility of these dopants also affects
the optical transmittance of the prepared transparent
ALO; ceramics!”"®!. Liu, et al' found that dopants are
more homogeneously dispersed when they were intro-
duced by chemical precipitation compared with conven-
tional ball milling.

Optical transmittance of alumina ceramic is signifi-
cantly affected by sintering aids and the introduction
methods of these sintering aids. Therefore, in this work,
translucent Al,O; ceramics were synthesized by vacuum
sintering using Y**, La’* and Mg®" as sintering aids
which were introduced via chemical precipitation. The
effects of the sintering aids on microstructure, densities
and optical transmittance of the prepared Al,0; ceramics
were investigated.

1 Experimental

Al,O; powder (Aladdin, 30nm, 99.999%) and 2wt%
polyethylene glycol 2000 (PEG-2000, Aladdin, 99.99%)
were mixed and ultrasonically dispersed for 1 h to de-
stroy the agglomeration of the AL,O; particles. The pre-
cursor solution was prepared by dissolving metal nitrates
in the obtained suspension. Subsequently, the sintering
aids (in the form of nitrate, Aladdin, 99.99%) were in-
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troduced into the Al,O3; powder suspension under stirring
at room temperature. The samples and their composition
are listed in Table 1.

The addition of MgO and La,0; could produce a small
amount of liquid phase to improve the density of alumina
ceramic, but the amount of La,03 should be limited be-
cause excessive liquid phase results in abnormal grain
growth and hinders the migration of pores, therefore, a
fixed amount of La*" (0.05wt%) were added according to
literature [19]. Then ammonia (0.01 mol/L) was slowly
added into the suspension with stirring to adjust the pH
value in the range of 9.1-9.5*2! The suspension was
further stirred for 1 h. Subsequently, the suspension was
filtered to obtain solid particles which were dried in an
oven at 50°C for 8 h. The as-prepared powders were
sieved using a 200 mesh screen and granulated with a
small amount of polyvinyl acetate, and then the mixtures
were uniaxially pressed into plates at 10 MPa. After re-
ceiving cold isostatic pressing at 200 MPa for 5 min
again, the plates were pre-sintered in air at 600°C for 5 h
to remove the organic ingredients. Finally, the samples
were obtained by sintering the pre-sintered plates at
vacuum (1x107 Pa), 1750°C. Figure 1 shows the sche-
matic of the adopted chemical precipitation method.

The total forward transmittance of samples (after dou-
ble-side polishing to the thickness of 1 mm) was meas-
ured on a UV-3150-type ultraviolet visible near-infrared
(UV/VIS/NIR) spectrophotometer. The phase was inves-
tigated by X-ray diffraction (XRD) on an Ultima IV, in

Table 1 Contents of sintering aids in the obtained samples
Content of sintering aids / wt%

Samples

Mg2+ Y3+ L a3+
MYL-1 0.15 0 0.05
MYL-2 0.15 0.03 0.05
MYL-3 0.15 0.05 0.05
MYL-4 0.20 0.05 0.05
MYL-5 0.25 0.05 0.05
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Fig. 1 Schematic and flow chart of the adopted chemical pre-
cipitation method

the range of 10°-90° with Cu-Ka radiation, the scanning
speed is 8°/min. Microstructure and element distribution
were measured by the scanning electron microscope
(SEM) equipped with energy dispersive X-ray detector
(EDS) with an accelerating voltage of 15 kV. The surface
of the samples was polished and then thermally etched for
1 h at 1600°C. The density was measured by Archimedes
method. The density (p) and relative density (d) of the
samples can be calculated by the following formula.
p= (mi*py)/ (ms—my) (1)
d=p/py*100% 2)
Where m, is the dry weight; m, is the float weight; m; is
the wet weight; p,, is the density of ultra pure water at room
temperature; p is the theoretical density (3.982 g/cm®) of
alumina ceramics.
All the above measurements were carried out at room
temperature.

2 Results and discussion

The relative densities of the prepared samples meas-
ured by Archimedes method were MYL-1 (97.89%),
MYL-2 (99.13%), MYL-3 (99.62%), MYL-4 (99.46%)
and MYL-5 (98.95%). It reveals that relative density of
the samples increases with increasing content of Y**.
That is because the co-doping improves the solubility of
MgO!"*'% and the dissolved MgO plays a critical role in
avoiding pore breakaway and abnormal grain growth so
that dense microstructure is obtained!'?. However, When
the transparent alumina ceramic is doped with an excess
amount of MgO, it will lead to a large amount of discon-
tinuous liquid phase among grain boundaries, resulting in
the difficulty of gas escaping out during the sintering
process'*?!. Therefore, the relative density of the prepared
samples decreases with increasing content of Mg**. With
the co-effects of Y** and Mg*", MYL-3 (99.62%) has the
highest relative density.

Figure 2 shows XRD pattern of the samples. The XRD
pattern of all samples shows similar diffraction peaks.
These diffraction peaks can be well indexed to the co-
rundum structure, which is the same as the standard card
PDF83-2080. The result shows that all samples with dif-
ferent quantities of sintering aids show a single phase
and no secondary phase is detected, indicating that the
sintering aids have no effect on the main crystalline
phase of Al,Os.

Figure 3 shows X-ray mapping measurements of Mg,
La and Y for sample MYL-5. The existence of the spe-
cific doping elements has been well confirmed by their
corresponding signals. The sintering aids are uniformly dis
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Fig.2 XRD patterns of the obtained samples
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Fig. 3 (a) The surface morphology of sample MYL-5, X-ray
mapping of (b) Mg, (c) Y and (d) La for sample MYL-5

persed without agglomeration. Other samples have the
similar results. It indicates that the sintering aids can be
uniformly dispersed in translucent Al,O; ceramics
through chemical precipitation.

Figure 4 presents SEM images of the polished sur-

face of all samples after thermal etching at 1600°C for 1 h.

It can be seen from the figure that the samples with dif-
ferent quantities of sintering aids have different grain
sizes. Generally, the grain size increases with increasing
content of Y**. Sample MYL-1 shows grain size of about
8 um. The grain size of Sample MYL-2 and MYL-3 are
about 12 pm and 30 pm, respectively. In addition, with
increasing content of Mg?*, the grain size decreases
slightly (from sample MYL-3 to sample MYL-5). More
information about the grain size and the amount of pores
is shown in Fig. 5 which shows SEM photomicrographs
of the fracture surface of all samples. Sample MYL-1
(0OwWt% Y*") shows a uniform and small grain size (8 um),
with limited pores trapped inside the grains or among
grain boundaries. Sample MYL-2 which contains higher
content of Y** varies in grain size (5-30 pum) and traps
fewer but bigger pores than sample MYL-1. The grains
of sample MYL-3 are uniform in size (25-30 um) and
almost no pores are discovered. Generally, with increas-
ing content of Y**, the movement of grain boundary and
the normal grain growth are promoted, which improves
gas escaping rate during sintering process. The grain
sizes of Sample MYL-4 and MYL-5 tend to be slightly
smaller but still uniform and have more in-grain pores
than that of Sample MYL-3. That is because, from Sam-
ple MYL-3 to MYL-5, the increasing content of Mg*"
leads to excessive liquid phase formed!"”, which makes
the grains grow too fast and hinders the migration of
pores, thus some pores are trapped in grains.

The sintering aids dispersed uniformly in all the ob-
tained samples and no secondary phase is detected.
Moreover, the decreased number of boundaries and pores
could effectively improve optical transmittance of trans

Fig. 4 Surface morphologies of the samples (a) MYL-1, (b) MYL-2, (¢) MYL-3, (d) MYL-4, and (¢) MYL-5
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Fig. 5 Fracture surface morphologies of the samples
(a) MYL-1; (b) MYL-2; (¢) MYL-3; (d) MYL-4; (¢) MYL-5

parent (translucent) ceramics. Therefore, the total for-
ward transmittance (TFT) significantly increases from-

sample MYL-1 to MYL-3, as shown in Fig. 6 and Fig. 7.

However, the TFT decreases from Samples MYL-3 to
MYL-5 because more in-grain pores and grain bounda-
ries in sample MYL-4 and MYL-5 are observed (Fig. 6
and Fig. 7). Sample MYL-3 shows the highest TFT
which is above 80% in the wavelength range of
350-800 nm. The highest TFT (82.956%) reaches at the
wavelength of 482 nm. The results show that the optimal
amount of Mg>, Y** and La" in the prepared AlL,O; ce-
ramic is 0.15wt%, 0.05wt% and 0.05wt%, respectively.

3 Conclusions

Translucent Al,O3 ceramics were successfully syn-
thesized by vacuum sintering using Y**, La®" and Mg**
as sintering aids which were introduced by chemical pre-
cipitation. The relative density, phase structures, ele-
ments distribution, microstructure and optical properties
of the prepared Al,O; ceramics were investigated. The
results reveal that the sintering aids are homogeneously
dispersed in the translucent alumina ceramics. With in-
creasing content of Y*', the relative density and grain
size increase, the porosity decreases. However, with in-
creasing content of Mg”', the relative density and grain
size decrease slightly and the porosity increases. The
optimal amount of the sintering aids introduced is Mg**
(0.15wt%), Y** (0.05wt%) and La’ (0.05wt%), and the
corresponding sample shows the highest TFT (above
80% in the wavelength range of 350—800 nm).
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Fig. 6 Total forward transmittance spectra of all samples

@ ® © 0@

||ll||1|||||II,_I|I!||||||||||!ii|||||i|li|'|'|',|'|'i'|'|'i'|'|I-
10 11 12 13 14 15

Fig. 7 Photograph of all samples
(a) MYL-1; (b) MYL-2; (c) MYL-3; (d) MYL-4; (¢) MYL-5
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