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Abstract: A light scattering model under the Rayleigh-Gans-Debye
approximation has been developed for polycristalline alumina. The model
states that transmittance of dense alumina ceramics basically depends not
only on the maximum grain size but also on the preferential orientation of
their c-axis, or texture. The effect of texture in transparency has been
experimentally measured on several dense alumina samples with different
grain size and compared to that obtained from x-ray Rietveld refinements
with a very good agreement. The Rayleigh-Gans-Debye approximation also
allows to represent optical data in a very simple way (logarithm of
transmittance vs. the inverse of the wavelength square). Using these
variables, a straight line is obtained for the Rayleigh-Gans-Debye
approximation, its slope being proportional to the maximum grain size and
textural parameter. Deviation from this law implies the presence of pores or
grain of extremely large size.
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1. Introduction

The development of new optoelectronic devices has extended the use of ordinary optical
materials to new applications and environments such as temperature (IR) sensor, optical fibre
communications, laser interferometers, etc. A considerable fraction of these new devices
operates inside aggressive environments, such as ovens, radiation chambers and aerospace
sensors. In such cases, the sensitive electronic component must be preserved from the extreme
external condition by a transparent window. However, most of ordinary optical transparent
materials, glasses, polymers, alkali hydrides, or single crystal are expensive, soft, weak and/or
brittle. Nowadays the only suitable materials suitable for extreme conditions are only some
transparent oxide single crystals [/], as corundum, spinel, yttria and YAG. However the
growing and machining of single crystals is an expensive task, which largely limit the scale up
of production of those materials.

In this sense, several groups [2-11] have developed transparent and translucent ceramics
with different optical and mechanical properties. However, the light scattering due to the
presence of small pores has been found to be the main problem to overcome in this particular
kind of materials [12]. In order to minimize, and even to fully eliminate any pore light
scattering, the remaining porosity must be smaller than its experimental detection error (0.5%)
and additionally, the pore size should be kept as small as possible. The Rayleigh criterion
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determines that it should be at least 10 times smaller than the incident wavelength, which, in
the case of optical radiation, means that the maximum pore size must be smaller than 10 nm.
Considering that pore size is closely related with the average ceramic grain size [10],
nanostructured ceramics are the optimal candidate to fabricate transparent ceramics.

From all the materials employed to sinter transparent ceramics, the alumina is the one
with the best mechanical properties, such as hardness, flexure strength and chemical stability.
In fact, Lucalox® alumina is the only commercial material used nowadays for high power
lightening[13]. Depending on the sintering treatment, several light scattering processes need
to be considered to understand the optical response of dense alumina ceramics, i.e., the pore
and grain scattering. The measurement of transmittance for a large range of wavelength will
allow to determine the nature of light scattering. In fact, for pore and small grain size
scattering (compared to the incident wavelength), the absorbance coefficient is given by the
Rayleigh scattering regime so that it is proportional to (a/A)* (where a stands for the scatter
radius and A the incident wavelength). In the particular case where the grain size is
comparable to the wavelength, the scattering follows a (a/1)* law known as Rayleigh-Gans-
Debye or RGD. Finally, if the wavelength is much shorter than the grain size, the scattering
becomes wavelength independent as it corresponds to the anomalous diffraction regime (AD).
In this sense it is crucial to determine the nature and the efficiency of each type of scattering.
In particular, Rayleigh scattering by pores should be suppressed because it whiten the samples,
spoiling their transparency.

Apart from the pore scattering, the grain scattering exclusively appear in ceramics from
anisotropic phases, is due to the small differences in refractive indices at the interfaces of
anisotropic crystallites. For a-Al,O; the degree of birefringence, i.e. the difference from the
ordinary to the extraordinary refractive indices is small, An =0.008 or An/n=4.5-10" (n, =
1.7638 and n, =1.7556 at 700 nm) but enough to whitens most of alumina ceramics.

Although the problem of light scattering by anisotropic particles has been treated by
several authors applied to liquid crystals, meteorology, etc [14-18] the standard model
presently used to describe the transparency of alumina ceramics was introduced by Apetz et
al[3]. This model is basically a phenomenological modification of the RGD originally
developed for isotropic spheres. The most relevant result is the A~ law of the absorbance for
forward scattering, which also depends linearly on the crystallite size and on an anisotropy
parameter. This model satisfactorily reproduces the optical transmittance of some near-free
porosity alumina samples presented in the literature [3,7-9,19,20]. However, the physical
meaning of the effective birefringence, which in this model is a fitting parameter, is unclear.
In this sense, it is hard to determine which are the optimal conditions to reduce grain
scattering. Indeed, it is even possible to find in the literature samples exhibiting similar
average grain size but different optical response [3,8,11,19-22].

In the present work we introduce a rigorous deduction of the absorbance for a set of
anisotropic particles in the RGD regime. In order to describe the microstructure of a set of
uniaxial crystallites, apart from the grain size distribution, some texture information is also
required. This model will allow to better understand the process of light scattering in dense
anisotropic ceramics as well as become an appropriate tool to design nanostructured
transparent alumina materials.

2.Theoretical background

The phenomena related with light scattering by particles can be fully described by the solution
of the Mie equation. However, the use of this method is cumbersome due to the large amount
of calculation resources it requires. Instead, several approximation have been developed to
obtain simple analytic expressions for describing the scattering processes. In this sense, the
light scattering by anisotropic grains of alumina ,with a size not much larger than the incident
wavelength, can be treated as a “low contrast” approach. In this case, the scatter centres are
the crystallites that present a slight difference of refractive index to the light beam propagating
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along the ceramic. In this context, we have chosen the Rayleigh-Gans-Debye (RGD)
approximation, which is valid for small scatters with a refractive index very similar to that of
the environment (Im-Il<<1 and 27dm-1la/A<<1, where m is the quotient between the refractive
index of the scatter and that of the surrounding medium. This model has been well established
for isotropic materials[23]. For the present case, i.e. alumina transparent ceramics, the model
must be rederived assuming that the polarizability of each scatter element is now a tensor
instead of a constant. For a sake of simplicity, we consider that the whole system has an
average refractive index, n,, which is very similar to those of the single crystal, n, and n,..

The light intensity can be easily calculated as:

1.(0.£.4)= (1)

where £and ¢ are the angle of the optical axis of a singular crystallite with the sample surface
normal and the incidence plane respectively (Fig. 1).

2
EsH

2
+

EJJ_

Fig.1. Geometry of the incident field (Ei, Hi), anisotropic sphere, with refractive index n, and
n, and scattered beam (Es, Hs).

We suppose that the ceramic has an azimuth symmetry (samples have a flat shape and the
symmetry axis is perpendicular to the largest surface) so that, the intensity is given by the
angular average with respect to ¢.

1 ¢»
1(0,0)=—| 1(6,¢, 2
(0.6)=5 [ 1(0.5.9)a9 @
The scattered intensity is given by:
27| > |2 - 12
J.O s|| + ESJ_ d¢
1= (3)
27

In this sense, it is necessary to determine the scattered field. The contribution of each volume
differential to the far scattered field is given by the electric field induced by the corresponding
dipolar moment:
k* e (= .
dE;, =————e W (i, xdpxid,) (4)
dr e, &, 1
Where g, is the effective dielectric constant outside the scatter and €, the vacuum
permittivity. After some manipulations it results:
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k2

dE, = ————¢ ™" (dp, cos@—dp_sin6)
dre, €, 1 )
- 5)
dE,, =———e™™d
S 4x € E,T Py

In the case of anisotropic crystals, the total dipolar moment induced by a single particle is
given by
p=| a(FE(F)dv' 6
p= [ a(F)E(F) ©)
where « is the polarizability tensor. In the case of the small contrast approximation, i.e. &, and
&, the main values of the dielectric tensor g, are very close to g,,, the incident electric field is

assumed to be constant and the polarizability of a particle with arbitrary shape can be
approximated as:

da=¢, (& —¢,)dV' )
The dielectric expression of dielectric tensor for any possible orientation is given by:
£, —&, 0 0
g —&, =P 0 E,— &, 0 P )
0 0 £,—€,

where the P matrix accounts for the change of base referring to the principal axes of the
dielectric tensor of the particle. We define the angle & as the angle of the third component of
the dielectric tensor with the incident wavevector. In order to simplify the notation, we
introduce the following parameters, r,, 7, and A, defined as follows:

80 = gaV - r(7A
)
ge = ga" + r'eA
r,+r, =1
o e 10
[6‘68 ,=A (19)
Operating Eq. (6) results:
-, -1-%sin2 £(1+cos2¢+sin2¢)
A
dp = e\(}_ —r, +sin’ Esing(cosg+sing) |dV (11)
2 cos Esin &(cos @ +sin @)
and Eq. (5) becomes:
1
2 cos | —r, +—sin’ &(1+ cos 2¢ + sin 2¢ }
aE, = L % [ yoin el Ny
el 2| _sin 9[cos§sin§(cos¢+sin ¢)] (12)
2
dE k

sl

e %[—rg +sin” &sin g (cos ¢ +sin ¢)] av

4re, v
According to the Rayleigh-Gans approximation, the scattered field is calculated by integrating
each volume element independently of the other volume elements. As a result, only a phase
factor ¢ must be considered for integration to result the function R(6)[23]. In the case of
anisotropic spheres, the R(6) function is not identical to that of the spherical ones, but it can
be showed that the difference is just an infinitesimal of A, and can be neglected. As a result,
the light intensity (eq. (3)) is given by:

#107558 - $15.00 USD Received 13 Feb 2009; revised 18 Mar 2009; accepted 21 Mar 2009; published 10 Apr 2009
(C) 2009 OSA 13 April 2009/ Voal. 17, No. 8/ OPTICS EXPRESS 6903



, (1+C0829)3—8r{)+16r02+(8 r,—4)cos2& +cos 4
KVIR(O) |2 16
=l,—— A (13)
(4zre,)) . sin” @sin® 2&
8

This expression has two components. The first one is identical to that of isotropic spheres
which depends on (1+cos*6) but multiplied by a polynomial in cos& For the present system,
an additional new term appears, which depends on sin’6 , coming from the non-zero
contribution of p,. In order to calculate the scattering cross section, a integral around & must
be done. The result is:

_ An®

0., =— [, (x)a(&r)+@,(x)B(Er)] (14)

Where x = k-a being k the wavevector and a the crystallite radius. The coefficients « and f,
which depend on the crystallite orientation, &, are given by:

3—8r0+16r02+ 81, —4)cos2& +cos4s
a(ér,)= : !

4 15)
B(&.1,)=sin"2&

In order to determine the relationship from the variables r, and r, to the textural
information, given by & it is necessary to determine the effective value of the dielectric
constant &,,. For such purpose, an effective medium model developed for dense anisotropic
materials formed by equiaxial crystallites and have been applied[27].

(e, -¢,) (e, -¢.)
l+c¢, | —=%—2—+(1-c,,. L =0 16
( ”e")(l—L)gm, +e, ( ”e")ZLgav +(1-2L)e, (19
The Eq. (16) can be simplified if &, and &, are very close (low contrast approximation), and
taking into account the definition of r, and r, (eq. (9))we get:

l1—c
rg _ pez
2 a7
1+Cpez
re prg
2

where ¢, is the term which carries on the textural information of the ceramic. This term,

according to reference [27] is defined as follows:
¢,. =1/47 fcosz (W)L, (v)dx (18)

where d€2is the solid angle differential and I, the probability density function corresponding
to the angular orientation of the extraordinary optical axis. A estimation of coefficient cp,,
was described in reference [27] as a function of &

cos’ (cf)
) =77 19
C[)g" (5) 1+ sinz (5) ( )
Combining Eq.s (17) with (19) results:
)
- = 1:‘,—m. fgx
sin
20
) (20)
y =—
° 14sin® &

Finally the functions (15) a(¢) and f($)can be written as:
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(1 1— 4cos(2§) +cos (45)) sin* (cf)

(Z(é‘) B (cos(2§)73)2

ey

B(&)=sin"2& (22)
The angular dependence of the o( ) function appear in Table I and Fig. 2.

Table 1. Values of a(¢&) calculated versus the orientation angle, calculated each 5°

4 (o) 4 a(d)
0 0 50 0.36771
5 0.00011368 55 0.46771
10 0.0017151 60 0.57398
15 0.0079185 65 0.68118
20 0.022236 70 0.78274
25 0.047394 75 0.87156
30 0.085 80 0.94082
35 0.13583 85 0.98488
40 0.20015 90 1

45 0.27778

On the other hand, the functions @;(x) and ®,(x) are given by:

5 7(1—-cos4x) sindx 1 .

o, (x)=5+2x2— ( ™ )— . —(2—2x2j(}/—C1(4x)+ln4x) (23)
1—cos4 sin4 1 .

<D2(x):3[ e x_1j+ xx+(2—ﬁj(y—C1(4x)+ln4x) 24)

Because it is not straightforward to evaluated the functions ®(x) and ®,(x), it is more
convenient to use their asymptotic expansions when x—0 and x—oo.

2}64 if x—>0 Ex4 if x>0
O, (x)~=427 (25)®, (x) =127 (26)
2x* if x> 34+2y+In16+2Inx if x—>ow

In both cases, ®,(x) and ®,(x), exhibit a x* power law dependence for longer wavelengths
corresponding to the Rayleigh scattering. In the case of short wavelength, ®@(x) >>®,(x) so

that @,(x) can be neglected. As a result, the approximations (25) and (26) into Eq. (1.1) can
be written as follows:

5 > A’ (11-4cos(28) + cos (4¢))sin* ()

! g it x>
n, 2&)-3
Q(X,f)z . (0052( CE) )4 ., 27
Ex“ A}Z ( —4cos(2&)—cos( f))sm (&) b el
27 n, (cos(2£)-3)

The two components of expression (27) corresponds to the RGD and the Rayleigh
approximations respectively. In case of nanostructured alumina ceramics, an according to
expression (27), the crossover from scattering corresponding to the Rayleigh and RGD
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Fig. 2. Textural function « (&) that appear in the RGD scattering approximation
vs. the preferential textural angle &

regimes appears at wavelengths close to 1000 nm. For longer wavelengths, the scattering
losses are considerably smaller than those due to the surface reflectance (which are about of
14%) so that we are going to focused on the short wavelength region and therefore on the
RGD approximation. In this sense, the efficiency scattering can be rewritten as:

2
, An

> a(/j) (28)

av

Q(x,ﬁ) =2x

being a( &) the texture function given by Eq. (21).
The transmittance of a thick ceramic layer (neglecting interference effects) is given by

2
RIT.=|1-2 [” _1] e (29)
n, +1
K =raQ, N = 3% (30)
’ 4 a

where « is the absorbance coefficient, d the ceramic thickness, N the number of crystallites
per volume and f the scatter volume concentration. In the case of a dense ceramic formed by
crystallites with identical size, f = 1. However, in the case of an heterogeneous grain size
distribution, Eq. (30) must be written as:

2
T

612 Ana (&) 31)

K:Zfi a;

where the value of the partial concentration of spheres of radius a; is given by:

fi=<T3 (32)
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Accordingly, the absorbance coefficient for uniaxial grain scattering is given by:

x={a,) 67 pa (&) (33)

22

where <a,> is the medium value corresponding to the volume grain distribution, defined by:
2.al
(a)=Faf =5 (34)

This can be considered a very relevant result because Eq. (34) clearly states that for
heterogeneous grain size distribution, <a,> can be estimated, with a good degree of
approximation, be similar to the maximum value of experimentally found grain radius.

Finally Eq. (29) can be written as:

67° <ag>

log(R.IT.)=log(T,)- e An*a(&)d (35)

Thus, a quadratic fit of log(R.L.T.) vs. A7, will produce a line. The slope of the line is
proportional to the values of (&) and because the rest of magnitudes present in Eq. (35) can
be experimentally measured, the texture parameter can be estimated by this simple way.
Finally, the crossing of this line with the ordinates axis must correspond to the logarithm of
the transmittance of a scattering free sample.

3. Experimental

High purity o-Alumina (99.99%) (TM-DAR, Taimei Chemicals Co., LTD.), with an average
particle size of dso=0.2 um, a BET specific surface area of 14.5 m*g and the following
chemical analysis (ppm): Si (10), Fe (8), Na (8), K (3), Ca (3), Mg (2), Cu (1), Cr (<1), Mn
(<), U (<0.004), Th (<0.005) has been used as starting powder.

Powder suspensions of 60 wt% solid content were prepared using distilled water as liquid

media and a 0.5 wt% addition of an alkali-free organic polyelectrolyte as surfactant (Dolapix
DE-64). The pH of the obtained suspension was found to be 8.8+0.1 .The suspensions were
homogenised by milling with alumina balls, 99.9% purity, in polyethylene containers at 150
r.p.m. for 24 h. After homogenized, the mixtures were de-aired while stirring for one hour .
The slip casting process to obtain green plates (10x10x1 mm) was performed in an alumina
mould and under vacuum in order to eliminate bubbles.
The samples were sintered in an electrical controlled (£1°C) tubular alumina (99.7% purity)
furnace. This furnace has an attached vacuum system which allows to sinter to 1600°C at 10°
% mbars. All the cast green plates were burn out at 800°C for 24h in air atmosphere to avoid
the presence of organic residues. Afterwards, the samples were sintered up to 98% th.
densities at 1350°, 1400°, 1450° , 1500° and 1600° C. Finally the samples sintered at 1400°
and 1500° C for 2h were Hot Isostatic Pressed (HIP), at 1100° C and 1000 bar for 1 hour.

The microstructure of fired plates was studied after a thermal etching (for 1h at

temperature 15% lower than that used during sintering) on polished surfaces down to 1 um by
Scanning Electron Microscopy (SEM, Hitachi, model S3000N) and AFM (Nanotec) with 2nm
curvature radius probes (Nanosensors).
The sintered plates were polished on both sides to eliminate surface scattering. The
transmittance spectra were measured using three spectrophotometers: a Nicolet 20 SXC
Fourier transform infrared FTIR spectrophotometer were used from 5 to 2.5 um, a Bruker IFS
66V from 2.5 to 0.8um, and finally a Varian Cary 4000 for the visible range (0.8 to 0.3um).
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X-ray diffraction measurements were taken in a Bruker D8 for texture determination by
Rietveld refinements [24].

4. Results

The visible to IR spectra of the different studied samples appears in Fig. 3(a). Fig. 3(b)
corresponds to a picture of pieces of the four studied samples.

Two of these samples have been pressureless sintered at high vacuum (1350°C and
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Fig. 3. (a) Experimental optical transmittance vs. wavelength for the four considered samples:
1) sintered at 1400° C for 2h at vacuum followed by HIP; 2) sintered at 1500° C for 2h at
vacuum followed by HIP; 3) sintered at 1350° C for 50h at vacuum; 4) sintered at 1600° C for
50h at vacuum. (b) External aspect of the four samples.

1600°C) for a period of 50h. The other two samples were also pressureless sintered at high
vacuum at 1400 and 1500°C for just 2 hours to then be hot isostatic pressed . The
transmittance of these two later samples is remarkable good, specially in the visible spectral
region. According to expression (35), curves corresponding to Fig. 3(a) have been reploted
transformed as log (T) vs. 1/4% in Fig. 4.

In Fig. 4 the absorbance spectra vs. 472 of the selected samples appear. According to Eq.
(35) a linear fit is expected. In general, the spectra fit quite well. However, pressureless
sintered samples (1350° and 1600°C for 50h) considerably deviate from linear fitting for large
values of A7 In this sense, we only have considered the lower spectral ranges, where the
linearity is satisfied, because for shorter wavelengths, the anomalous diffraction[14, 23]
regime saturates the absorbance. The experimentally measured values of thickness,maximum
grain size, the Rietveld texture parameter, and the results of fitting, i.e. the texture angle &
appear in table II.
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Fig 4. same graphic as figure 3 but representing logarithm of transmittance (absorbance) vs. the

inverse of the wavelength square. Straight lines represent the linear fitting in the low wavelength

region.

Table II.
2-<ag>(nm)  d(mm) Ro g a £ (deg) Text. Param.

vac 1350° 1820 1.31 0.71747 0.33748 48.388 0.944
HIP 1400° 1027 1.00 0.89657 0.20074 40.042 0.9
HIP 1500° 2764 0.59 0.92633 0.21666 41.138 0.92
vac 1600° 30000 0.75 0.79836 0.14171 35.505 0.767

Maximum grain size were determined from statistic analysis of AFM and SEM
micrographs as it appears in Fig. 5.
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Fig. 5. Microstructure of the four considered samples after a thermal etching. a) SEM
image of sample sintered at 1400° C for 2h at vacuum to then HIP; b) SEM image of
sample sintered at 1500° C for 2h at vacuum to then HIP; ¢) AFM image of sample sintered
at 1350° C for 50h at vacuum; d) AFM image of sample sintered at 1600° C for 50h at
vacuum (the contrast has been enhanced for a better visualization of grains).

X-ray Rietveld analysis have been performed on the four samples. The textural parameters [24,
25] appear in table II. These parameters take a value of 1 for random distribution of
crystallites and O for textured samples with the (001) planes parallel to the surface slab.
Additionally, grain size seems to be somehow related to texture as it appears in Fig. 6

(a).According to the table II, and Fig. 6(b), a clear correlation from optical and diffraction
measurements on texture can be observed.
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Fig 6. (a) Maximum grain radius <a,> vs. the preferential crystallite angle, &, for
the considered samples. The continuous line is guide for the eye. (b) Comparison
vs. the preferential crystallite angle & determined by optical measurements and the
x-ray Rietveld texture parameter. The continuous line is guide for the eye.

5. Discussion

The complete understanding of the optical behaviour of transparent and translucent aluminas
has been revealed to be a difficult task. Different sources of light scattering may overlap in the
same spectral range. We have identified in the alumina ceramics prepared at our laboratory up
to five different scattering regimes, i) Rayleigh regime due to pores, ii)surface roughness [26],
iii) Rayleigh, iv) RGD and v) anomalous diffraction regimes due to grains. The correct
identification of each source of scattering is crucial to determine the quality of the material.
Moreover, the analysis of scattering processes is a valuable tool to obtain relevant
microstructural information from the samples. For instance, an absorbance dependence
following a 4™ law at visible range is a clear indication of residual porosity. The sensitiveness
of the optical observations is much larger than that of the standard (Archimedes) method to
measure densities. Identically, the saturation of absorbance at shorter wavelengths (Fig. 4) is
an evidence of anomalous diffraction regime [14, 23], produced by some proportion of very
large crystallites.

However in the case of fully dense transparent alumina samples, RGD scattering due to
grains has revealed to be the most relevant one. In this work, it has been stated that this type
of scattering and therefore the transparency at infrared and optical wavelengths, depends on
the grain size of the largest grains and on their orientation.

In fact, the Apetz et al[3] previous model introduced a phenomenological parameter, Anupe.,
related to the birefringence constant, An=n,-n,. According to Eq. (35), the relationship from
Anype, to Eis given by:

AnAperz =Anv2a 36)
e 2
Ay, = An\[2(1T-4cos 22 +cos4Z) 0 < (37)

cos2& -3
The Apetz paper stated that the random value for Any,,, is 2/3-An = 0.0053. Using Eq. (37) it
results a value of £&=41° which is not far from random orientation £&=45° according to the

#107558 - $15.00 USD Received 13 Feb 2009; revised 18 Mar 2009; accepted 21 Mar 2009; published 10 Apr 2009
(C) 2009 OSA 13 April 2009/ Voal. 17, No. 8/ OPTICS EXPRESS 6911



model herewith considered[27, 28]. However, this similitude is just a coincidence. In fact, the
random value of An,,,,, should be 1/3-An, according to the expression

<n>mndom = %no +%n€ (38)

AnApetz,random = <n>mnd0m - no = %An (39)
Fortunately, another mistake in the value of the estimated scattered concentration, assigned to
J/=1/2 instead of the correct value for dense ceramics f=1, compensates this term.
The texture data obtained from the considered samples seems to indicate that, regardless of
the grain size, samples did not present preferential orientation unless they were sintered above
1600°C (Fig. 6(b)). In order to confirm these results, a further XRD Rietveld analysis of the
data, gave no appreciable grain orientation except for the sample heated at 1600°C for 50h.
This is in very good agreement with the optical measurements.

These results closely reproduce the Guilmeau et al [25] previous observations . These
authors have studied by neutron diffraction the texture of several alumina samples, sintered at
different temperatures. Although in this work, the alumina powders were previously oriented
by a 10T magnetic field, the authors observed a remarkable increase of the (001) grain
orientation only for the sample sintered at 1600°C.

According to Eq. (35) the maximum grain size <a,> and the textural (&) function are
correlated in the expression of the transmittance. This fact notably complicates the
unambiguous observation of the texture influence into the transparency of alumina ceramics
in such manner that textural information have been ignored. As a result, medium grain size
has been the only parameter to be considered for explaining the transparency of alumina
ceramics. In the present investigation we have stated that the grain size is not the only
parameter that determine the optical transmittance, but the relative orientation of the grains
must be taken into account as well. In fact, a recent paper [21] has determined that CaO and
TiO, doped alumina presented Ang,,,, values as small as 0.0028 (note that in the original paper,
they refer to a fitting grain size much smaller than the observed one). This value corresponds
to a textural orientation of £=26°. In fact, it is well known, that doping may induces a
preferential growth of some alumina surfaces [29, 30]. In this sense, the knowledge of the role
of texture into the transmittance of dense ceramic opens new and more efficient ways to
increase the transparency of polycrystalline aluminas. Moreover, three different procedures
have been shown to be effective to induce a preferential (001) texture, i.e., powder
conforming under strong magnetic fields [31], sintering above 1600°C [25] and doping [21].

The herewith presented theoretical model, in combination with a careful powder
processing and an appropriated choice of some of those grain orientation mechanisms, will
allow, “a priori”, to design the critical fabrication parameters to achieve transparency in
polycrystalline aluminas.

6. Conclusions

A theoretical model for light scattering for polycrystalline aggregates of uniaxial spheres has
been proposed on the basis of the Rayleigh-Gans-Debye approximation. This model shows
that each individual grain, which is considered to be a single crystal, scatters light, and the
scattering efficiency depends linearly on the grain size and on the relative orientation of grains
(texture) through a parameter called o(&). Additionally, it presents the characteristic A”
dependence corresponding to a RGD light scattering process. Several transparent and
translucent alumina samples have been analysed showing all of them a spectral region in
which the RGD scattering is present. From a simple linear fitting of the optical absorbance
versus A7 it has been possible to determine a textural parameter, that agrees very satisfactorily
to the one obtained from x-ray Rietveld analysis. On the base of the proposed scattering
model, it is now possible to design the most reliable fabrication route to obtain transparent
aluminas.
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