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Abstract

The effect of the presence of molecular water impurity of various concentrations in absorbing and scattering glass media on the temperature
field in a layer subjected to thermal infraretifation is investigated. The analysed medisttneated as a multicomponent medium consisting
of glass matrix and water impurity. The effect of radiation on the medium is expressed by heat sources in each component due to absorption
of radiation. It is shown that the presence of water impurity in the glass medium should be accounted for in order to predict the temperature
distribution during radiation action. The effect of scattering of radiation by water molecules on thermal and diffusive processes in the analysed
medium is shown to be insignificant.
0 2004 Elsevier SAS. All rights reserved.
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1. Introduction The presence of gaseous impurity in a semitransparent
glass medium becomes even more prominent in the case of

In most radiative transfer problems glass materials are incident radiation. This is due to the fact that gaseous impu-
treated as one-component media. Absorption coefficient of ity usually creates no chemical bonds with glass matrix thus
such media is measured experimentally and usually approx-retaining its identityand therefore has its own response to in-
imated by a piece-wise homageous function. In majority  cident radiation which may differ significantly from that of
cases such an approximation works well enough for practical glass matrix. The spectral absorption coefficient of a gaseous
applications. In the meantime, most glasses contain impuri-impurity in a glass is often higher than that of glass matrix.
ties in the form of gaseous species whose presence in manylogether with the fact that, for example, water impurity con-
cases affects overall behavior of a glass product and oftencentration may reach 0.5-2.3 wt.% in geological glasses [2]
is undesirable as having detrimental effects on many prop-and even 1.5-10 wt.% in some aluminosilicate glasses [3],

erties of glasses. In particular, it is well known that water it contribution to thermal state in glass should not be ne-
impurity increases the optical transmission losses, impairsg|ected_

the characteristics of optictibers amplifiers [1]. Moreover,
water causes deterioration bfrmal, chemical and mechan-
ical properties of glasses in general [2].

Presence of gaseous impurity in glasses implies its mobil-
ity within glass matrix. Redistribution of gaseous impurity
in a glass due to diffusion may contribute to overall thermal
state in glass subjected to radiation. In addition, diffusion of
~ " Corresponding author. Tel.: +380-322-651965. a gaseous impurity in glass due to incident radiation is of in-
E-mail addressdept13@iapmm.lviv.ua (T. Kournyts'kyi). dependentinterest because of aforementioned importance of
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Nomenclature

a absorption coefficient................... M k coefficient in Eq. (3)
b asymmetry factor of scattering phase function |/ spatial grid for optical length
Bir Biot criterium for heat exchange m! molar weight of impurity........... kgnol—*
Bic. Biot criterium for mass exchange M number of spatial points
c dim.en.sionless admixture concentration N number of ordinate directions
c1, C2 radiative constants ny refractive index
C heat capacit kg 1.K -1 ;
eatcapacity ................... 21 P total number of absorption bands
D d!ffus!vny .......................... %z_l 0 power of heat source per unit mass . . . K¢
Do d|fft15|on factor...................... ) R universal gas constant. . . ... . ...KJ Lmol1
E molar energy ... -ndo . R, reflectivity
Eact diffusion activation energy........... -ndol ; time it
h thickness of the layer ..................... 11 TR T
L . ) 1.1 T temperature ... f
I radiation intensity . ... .. Wn~<. ster =-um T ambient temperature <
J intensity of absorption band [12] ... &WPa? a ) Ih fth P ; """""""""""
J Mass fluX........oovveevnnaenn.. kg 2st w weight of the quadrature
b4 thickness coordinate ...................... m
Greek symbols z dimensionless coordinate, z/ h

B d|rect!on of radiation propaga_ltlon in the Ia)ier Subscripts
Awer  effective width of the absorptive .......... 5 . o
65, optical thickness of the medium J spatial point
K thermal diffusivity . ................. fas 1 max  maximal value
A wavelength ..., um 7 ordinate direction
Ae cutoffwavelength ....................... um s quantity related to surrounding
v direction cosine of radiation propagation A,  spectral quantities
0 density . ......covveiiieiian, kg3 0 initial value
o scattering coefficient . .................. —h ,

) . T Superscripts
7 dimensionless time in Eq. (12) P P _
r dimensionless time in Eq. (11) atm value calculated at atmospheric pressure
2 spectral albedos % acording to Clapeyron equation

aro .. . . .

@ phase function I,M  quantities related to impurity and matrix,
X thermal conductivity ............ wh—1.k-1 respectively

the influence of gaseous impurity on operating efficiency of that selective absorption by certain constituents promotes
glass products. solid phase diffusion and actually drops the apparent diffu-
Presence of absorption bands proper for gaseous impuri-sion activation energy. However, no theoretical models were
ties in absorption spectrum of a glass proves that they retainpresented in [4,5] to capture these phenomena. Also, it has
their identity, at least in terms of radiative properties [3]. been shown in [6] that individual responses to radiation of
Therefore, a more accurate cateration of radhtive trans- aluminium particles and solid matrix in a solid composite
fer in glasses requires accounting for their real structure. propellantled to unwanted agglomeration of aluminium par-
Consequently, we have to treat such glasses as multicompoticles thus reducing operating efficiency of the product.
nent media their components being glass matrix and gaseous Therefore, it is of interest ahpractical need to develop
impurities. a model decoupling relative effects of different components
Importance of diffusion of certain constituents as well as in multicomponent media on their overall behavior. This pa-
of the difference in the values of absorption coefficients of per contributes to the field by analysing the selective effect
different constituents is reported in experimental works [4,5] of radiation on a multicomponent glass medium. Previous
on composites, which represent another type of multicompo- investigations presented in [7,8] are improved here by ac-
nent media where individual constituents retain their inden- counting for radiation scattering by water impurities mole-
tities. In particular, it has been established in [4] that a com- cules. A selective effect of radiation is accounted for not
posite fabricated by microwave radiation sintering has im- only by different thermal states of constituents, but also by
proved mechanical properties over conventionally sintered a specific water diffusion rate. We investigate the correlation
materials. This has been attributed to an essential differencebetween water impurity concentration and temperature field
between values of absorption coefficients of different con- in fused silica glass subjected to infrared radiation and show
stituents at high temperature. Similarly, it was shown in [5] that at a certain value of wateoncentration its presence in
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glass should be accounted fardrder to obtain the accurate  Usually the absorption coefficient of a glass matrix can be

prediction of the temperature field. approximated within several bands model [12], which di-
vides the entire spectrum range by two or more wide inter-
vals where absorption coefficient has constant values. In the

2. Radiation equations meantime, molecular water ks1own to absorb radiation in
narrow spectral intervals called bands and its absorption co-

Presence of an impurity in aemitransparent medium  efficient can be written as follows

makes the latter optically inhomogeneous resulting in radi-

ation scattering. The radiation transfer equation for a one- , —a,= Jo

dimensional layer in an approximation of a “cold” medium Awet

will then appear as [9]

where quantityJ/,, calculated per unit frequency interval,
1 and Awes are intensity and effermte width of absorption

al,(z, _ 2 _ . . . . .
v% =—0L(Z,v)+ % / L.(Z,vi)® (vi, v) dv; band [13], respectively. Unlike solids with constant densi-
A e ties, water in glass is represented by separate molecules and
v = cosB @ thus may have various densities. Since radiation absorption

by water in glass is ultimately determined by a number of ab-
At the boundarieg = 0 andz = 1 of the layer we assume  sorptive centers, i.e., the nio@r of molecules, the water ab-
conditions of diffuse reflection: sorption coefficient should necessarily depend upon its den-
0 sity in glass. This dependence may be accepted linear [11].
) _ o Then treating water vapor density’ at atmospheric pres-
L0, v) =17 + 2R, / vi L3, (vi) i sure %) as the reference density, we obtain
-1

1 Jatm pw
1 a,=—2 T
L,(,v) = I)(L + 2R, / vi I (v;) dy; (2) Awg}m pg)tm
0
© @ _ o - Introducing dimensionless water mass concentratica
In (2) 1,7, I,” are portions of radiation intensities, leav- o' /p (wherep! and p are density of water impurity and

ing respective boundaries of the layer, due to external ther-igtg) density of glass medium, respectively) in the last ex-
mal radiation sources. The sources of thermal radiation pressjon yields

from appropriate sides of the layer are heated to certain

temperatureg©®, T | and their spectral intensities are de- atm
fined by the well-known Planck’s law aj =ajc, wherea) = 2 —— 5)
Wef  Patm
() _ 7.(5) 2n§c1 ()
L =k""3 expea A TO -1 T 0,1, k% = const Here pl, is the density of water impurity at atmospheric
3) pressure. In the glass medium water molecules are located
far from each other and thus cha treated independently. In
wherecy, ¢, are radiation constants [10] ard®, kD [8] that case radiation is also scattered independently by sep-

are dimensionless coefficitmaccounting for the emissivity — arate molecules and the phase function for the examined
of the real radiation source as well as for its geometrical po- medium is the same as for a single molecule. Water mole-

sition with respect to an irradiated object. In particular case cules are scattering objects with a small size parameter and
of the radiation source in a shape of infinite surface parallel scattering by these particles may be represented by a linear
to an infinite irradiated layer, the coefficiekt’ is simply anisotropic phase function in the form [9]

the emissivity of the radiation source. Coefficieht8, k¥

are assumed to be independent of the direction of radiationqj(vi, V) =1+ bv;v

propagation, coordinate and wavelengththerefore radia-

tlor_}_'s hotnsr? genemﬁ in d dlfflu?ve [1f0t]5 diation t ‘ where parametdr is asymmetry factor whose values lie be-
0 get the quantitative solution ot the radiation ranster v, .o, 1 ang 1. pParticular cases bfequal to—1, 0, and

equation one need; o know, among other things, the vaIuesl correspond to backward, isotropic, and forward scattering,
of spectral absorption coefficient and phase function. The respectively

absorption coefficient for gamedium considered here may . T
: : Now let us specify the effect of radiation in terms of heat
be taken as a sum of those for glass matrix and water impu- ) . . )
sources per unit mass of matrix and water impurity due to

rity [11
y [11] absorption of radiation. They are obtained by multiplying
a, = aﬁ” + a){ (4) spectral intensity of radiation by appropriate spectral absorp-
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tion coefficient and integrating the product over solid angle T _ T + h_pQ (9)
and wavelength and appear as drr 972 x
0 1 dc 3 (D(E") dc

M- 2 M _ — = —_( — (10)

0"z, 0)=—; [ 4 L.(Z,v,c)dv |dx ot 0dz\ Do 0z
1Y

-1
00 1

/a;{k(c)(/lk(i,v, c)dv)dk (6)

k=17 e

Here diffusivity D(E’) is defined by the expression [7,8]
D(E") = Doexp(—Eac/E").

Quantity E’ is introduced in the model in order to cap-
Then the total heat sources in the layer are ture the effect of selective absorption of radiation by water
0=0"1 0! % impurity. The value oft! is balanced by absorption of radi-

o ation and energy dissipation on thermal vibrations of the ma-
Since the glass matrix absorbs radiation in the entire rangetrix [7]. In the considered glass medium the water phase is in
of spectrum, while water impurity does that in narrow bands, the form of separate molecules. Therefore, macroscopic con-
in the entire spectrum range two kinds of intervals can be siderations cannot be involved in determining water phase
distinguished, namely those where just matrix absorbs andtemperature, as it was done for the aluminium phase in a
those where both matrix and water absorb. By accounting solid composite in [6]. Indeed, individual molecules do not

for that in Eq. (6) we obtain

)‘k+1,r

5 P Akt
_ T - _
QM(Z, )= p_M Z ( / a){wlx dr + / LZ){VII)L d)»)
k=0 oy
2 P
0z c)= — Z / aik (c) I, dA
P k=1
T Ak

1

A:/h@w@m
-1

Here iy, and X . are left and right edges of theh band
respectively L,» — Ak = AAK where AL, is the effec-
tive width of thekth band in terms of wavelength)o , =

0; Apt+1;=Ap+1, =00.Inthe spectrumranges , < A <
rM+11, k=0,1,..., P, where just glass matrix absorbs, the
spectral intensity of radiatioh, becomes a function gfand

v only. The spectral intervals of water impurity absorption

and scattering are assumed to coincide.

(8)

3. Governing equations

The set of governing equations of the model consists of
the transient energy equation for the entire medium and the 97 (0)
water impurity diffusion equation, supplemented by appro- 5z
priate boundary conditions. Effect of radiation is taken into 37 (1)

account in these equations by total heat sou@gsresent

in the transient energy equation and implicitly by quantity

E', which is a function ofQ’, in the impurity diffusion

equation [7]. The transient energy equation and the water j(1) + Bi.(c(1) —¢) =0

impurity diffusion equation appear as follows

T _ 82T+ 0 de 0 D(E,)ac
PP T%2 TP o Tz 32

Introducing in these equations corresponding dimensionless

timesty = k1/h? andt, = Dot/ h? (k is the thermal diffu-
sivity), we obtain the following equations

possess physical characteristics proper for their agglomera-
tion. To overcome this difficulty, the method to determine
E' approximately was proposed in [8]. Omitting technical-
ities given there, we arrive at the following equation for the
determination oft’

if L(z) >1

2 —
E'= éM’Q’r +RTo< EL 4 (11a)

El=RT, ifLz)<1 (11b)

Here Tp is the initial temperature. Parameterwas intro-
duced in the model [7] to determine the prevailing way of
energy exchange for the impurity. This is a complex parame-
ter dependent on characteristi¢stee radiation intensity and
parameters of impurity diffusion. I£ > 1 it means that the
rate of absorption of radiation energy by impurity is much
higher than the rate of its energy dissipation on the glass
matrix and the thermal state of the impurity is determined
by its energyE! > RT (the heating of impurity according to
Eq. (11a) lasts untiE’ reaches its maximum valugl ,,).
The case ofL < 1 corresponds to the situation where there
is no specific effect of radiation on impurity and its thermal
state is the same as of the entire medium, namiély- RT.

At the boundaries of the layer the following heat and mass
exchange conditions are taken

Bir (T'(0)—T7,)=0
(12)
a—Z + Bir (T(l) — Ta) =0

— Bic —Cs) =
J(0) I(c(O) c) 0 (13)

where J is the mass flux in the direction normal to axis,

is the ambient temperature, is the impurity concentration
in surroundings. Therefore, together with initial conditions
(14)
(15)

T(2)|r=0=To(z)

c(2)]i=0=co(2)
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they complete the formulation of the model equations con- A number of numerical quadratures were proposed for
sisting of the radiation transfer equations (1)—(2), the tran- the discrete ordinate method. In this stuslyV quadrature
sient energy equation (9), the water impurity diffusion equa- weights and points were taken as proven to be sufficiently
tion (10), the equation for determining impurity molar en- accurate for the one-dimensional case [9]. In particular, in
ergy E! (11), the heat and mass exchange boundary condi-this paperS—N quadrature weights are used, which were
tions (12), (13) and initial conditions (14), (15). constructed in [9] in the way to satisfy the first moment of
radiation intensity over half range (surfacial radiation flux)
what is important in combinelgeat transfer mode problems.
4. Numerical procedure To relate intensities in nghbouring points of spatial
grid different spatial differencing schemes were proposed
The system of model equations (1), (9)—(11) together for 2D and 3D problems [14]. In the examined here one-
with corresponding boundary coaitions (2), (12)—(15)was  dimensional case, intensities are coupled by using a simple
solved by an iterative method. As an initial approximation, difference form to appear as follows for positive ordinate di-
the solution of model equations obtained at the values of rections [9]
spectral absorption coefficiens,, diffusion coefficient of N ,
impurity D and impurity molar energye!, calculated at no_ /L= Y21} + 5 3 I} Pow o
initial distributions of the impurity concentration and the ' (/14 1/2)
temperature is taken. For each time moment, on a partic-and in a similar form for negative ordinate directions. Here
ular iteration the radiation transfer equation is solved first. | = (4 + o)h/M, whereM is the number of spatial points.
The spectral intensity of radiation is found, the total heat Solution procedure for each efdirections is iterative since
sourcesQ and heat sources in water impuri@y are com- intensities in Eq. (18) are coupled on both spatial and an-
puted. These quantities are then substituted into the transienular grids. Computations begin by assuming nonreflective
energy equation and the impurity diffusion equation. Found poundaries and zero in-scattering terms. On marching in
temperature and concentration of the impurity are then usedpoth positive and negative ordinate directions the spectral
in the radiation transfer equation to compute updated spec-intensities/” (j =1,2,...,M,n=1,2,..., N) are found.
tral intensity of radiation. Iterations are halted when the pre- On subsequent iterationsal boundary conditions and in-
determined accuracy is reached. scattering terms are involved. lterations take place until
On a particular iterations, the radiation transfer equation a pre-determined accuracy of radiation intensity values is
was solved by the discrete ordinates method while for solv- reached.
ing the transient energy equation and the impurity diffusion  Two issues, treated as dramdks of discrete ordinates
equation the finite difference method was applied. In solving method, are often discussed by the researchers, namely
the latter equations a fully implicit time-marching technique the ray effect and false scattering. These drawbacks are
was used. To obtain solution to the radiation transfer equa- attributed to angular and spatial discretisations, respec-
tion by the discrete ordinate method we used the resultstively [15]. The ray effect is associated with the situation
presented in Fiveland’s work [9]. In doing so, the radiation when some walls in 2D or 3D enclosure are unseen by the
transfer equation (1) in a given spatial point is split in a set heam while from the physical consideration of the problem
of N equations written for a discrete number of ordinate it appears to be impossible. It is usually the case when just
directionsN and the integrals are replaced by a numerical a small strip on one of the walls emits. The one-dimensional

(18)

quadrature in each of these equations to appear as problem examined here is free of ray effect because each
N ray emitted by the boundary of the layer reachs the oppo-

Vn% =1, + 2 Z Ly ®yywy, n'=12....N site boundary, except for those completely attenuated. False

a¢ 2 = scattering is associated with the case when radiation falsely
(16) propagates in some directions though it is known to be im-

possible. Again, false scattering is related to a particular
situation when small parts of the wall emit and thus it does
not concern the case examined here.

Herew,  are weights of the quadrature; subsckiptienoting
spectral quantity, is omitted here and further on for the sake
of simplicity. In a similar manner boundary conditions (2)
are written as
N
LO=L0)+2R Y Lyvywy
n’=Lv,,<0

z=0,n"=1,2,...,N

5. Computational experiments

Calculations were carried out for a 1 cm thick layer. Only
boundary; = 0 of the layer was irradiated. Schematics of the

N model is presented in Fig. 1. The medium separating the ra-
I,(1)=1,(1) + 2R Z Ly vy wy diation source and the layer was assumed to be transparent.
n'=Lv,>0 In all cases initial temperature and water impurity concen-

z=1n=12,...,N a7 tration in the layer were assumed uniform.
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In our computations fused silica glass as a material of the above little changes in heabsrces in water brought by ac-
layer was chosen. Its spectral absorption coefficient is givencounting for scattering translate to insignificant changes in

as follows [16] diffusion. However, a general tendency is observed that the
u higher the scattering coefficient is, the slower is diffusion.

a;; =a;, 02<Ai<2.8um For example, after 8 hours of radiation action the total mass

ai” =ay, 28<Ar<48pum of water released from the layer due to diffusion is 2.8%
M in the case of pure absorption and 2.6% in the case of ab-

@ =az A48<ipm sorption and scattering. Although the effect of scattering on

It was shown recently [16] thaiccounting for absorptionin ~ water diffusion is small, general considerations within the
the range @ < A < 2.8 uymis important for the accurate pre- model suggest that this effect can be more pronounced for
diction of the temperature field in the fiber drawing process, impurities with higher diffusion activation energy irradiated
despite low values of the absorption coefficient in this range. by relatively low intensities. Under those conditions it would
Five bands model for water absorption [13] was considered take more time forQ’ to get their steady values. As those

here. values are reached the thermal state of impurity no longer
depends on radiation intensity and, therefore, on partial con-
5.1. Effect of scattering tributions of absorption and scattering.

Water heat sources distributions in the cases of pure5-2. Effect of water impurity on the temperature field
absorption and absorption and scattering are compared
in Fig. 2. In the case we are interested in here accounting The water content in glasses may vary in a very wide
for scattering brings little changes to heat sources in the range [5,16] so that investigations of temperature distribu-
water |mpur|ty In particu|ar, heat sources are h|gher when tions at different values of wat concentrations in the Iayer
accounting for scattering compared to the pure absorptionare carried out. Itis established that the presence of water in-
case, near irradiated boundary of the layer. In the case offluences the temperature fieddd the effect is maximum at
scattering some extra amount of radiation is reflected by the Certain value of water concentration. In Fig. 3 temperature
boundary thus increasing the value of radiation intensity to distributions over the thickness of the layer are presented for
be absorbed in the vicinity of the boundary of the layer. three different values of water concentration. Curve 2 cor-

The effect of scattering on water diffusion was also ex- esponds to the case where layer is, in fact, free of water

. . . S . 118 . .
amined. Since diffusion is a very slow process, considered (co = 107°). Increase in the water concentration causes a
temperature rise. The maximum value of concentration in

; this case issg = 10~3 (curve 1). Further increase of water
’iu)/ / / ’/f / / / concentration, however, does not lead to continuing temper-
! x ature rise. Moreover, temperature decreases, and at water
I concentration equal t0.D (curve 3) the temperature field
in the layer practically coincides with that in the water free
v layer. This temperature behavior can be explained analyzing
/ distributions of heat sources in watg?!, plotted in Fig. 4.
Y In the case ofp = 10~3 water concentration is high enough
vZ to absorb radiation in the amount making a noticeable effect
on the temperature in the layer, while allowing a substan-

/co =10 (1)

»
»

Fig. 1. Schematics of the model.
700

o'/0' o) 680 -

0,3

660 -
640 4
620 1 ¢y =0.1 (3)
600 T T T T
0 t
0.1 Z.om 0 02 0.4 06 0.8

z,cm

Fig. 2. Dimensionless water heat sources in the case of pure absorption (1)Fig. 3. Steady-state temperature digitions at different water impurity
and absorption and scattering (2). concentrations.
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o', Wike that the presence of water impurity may influence signifi-
cantly on the temperature distribution in the layer. This effect

6]
10 grows with increasing wateionicentrations and has its max-
=107 imum impact at certain value ofater concentration. Further
104 increase of water concentratti, however, leads to a decrease

of this impact. In particular, at the maximum possible value
of water concentration this effect is practically negligible

10% c=10" which can be attributed to water becoming opaque at this

concentration. It has been shown that the radiation intensity

0 : shift to shorter wavelengths range produces smaller temper-
05 z,cm ature gradients in the layer.

We have also analysed the effect of scattering on thermal

Fig. 4. Water heat sources at different concentrations. . . . . h
and diffusive processes in the considered medium. Scatter-

700 ing makes heat sources in the water more nonuniform over
T,K the thickness of the layer. However, the resultant tempera-
680 4 3 ture field is not affected since water impurity heat sources

represent a small part of the total heat sources in the glass.
Effect of scattering on diffusion is generally insignificant,

660 - though diffusion tends to be slower with larger scattering
1 coefficient.
640 ) One of the important results of the present model is that

an external radiation provides selective effect on individual
constituent of multicomponent seétransparensolid result-
ing in specific value of impurity diffusion coefficient and
promotion of impurity diffusion. This agrees well with the
Fig. 5. Steady-state tempeuee distributions at different spectral content of expenm_entgl results_presented in [4,5] _Where_ obtalnlng of
radiation. (1)Ts = 3000 K; (2)Ts = 2000 K; (3)Ts = 1500 K.) composite (i.e., multicomponent) materials with improved
mechanical properties was explained by individual response
tial portion of radiation to get inside the layer. When water of different constituent to external microwave radiation lead-

concentration is 168 heat sources are almost uniformly dis- N9 t© enhanced diffusion of certain constituent. In this
tributed over the thickness of the layer. However, they are too S€NS€; the model developed here may be treated as an attempt

small to produce any significant effect on the temperature in to give theoretical description of selective effect of radiation

the layer. When water is pressn the layer with concentra- O multicomponent materials.
tion 0.1, its heat sources become surfacial ones (not shown)
due to very strong absorption, therefore producing a negligi-
ble effect on the temperature of the layer.

In Fig. 5 the effect of the temperature of thermal radiation
source on the temperature distributions in the impurity free
layer is demonstrated. Coefficietf® in expression (3) for
each radiation source temperature is selected in such a way
that it provides the same level of maximum temperature in
the layer. Curves 1-3 correspond to radiation source temper-
atures 3000, ?000’ and 1500 _K,_res_pectlvgly. In_ can be con- [1] M. Tomozawa, D.-L. Kim, V. Lou, Preparation of high purity, low
cluded from Fig. 5 that the radiation intensity shift to shorter water content fused silica glass, J. Non-Crystalline Solids 296 (2001)
wavelengths results in reducing temperature gradientsinthe  102-106.
layer. This can be attributed to the fact that fused silica glass [2] B.C. Schimdt, H. Behrens, T.i@mer, R. Kappes, R. Dupree, Quan-

is essentially transparent in the rang2 Q A < 2.8 um. titative determination of water speciation in aluminosilicate glasses:
a comparative NMR and IR spectroscopic study, Chem. Geol. 174

(2001) 195-208.
. [3] M. Tomozawa, D.-L. Kim, A. Agarwal, K.M. Davis, Water diffusion
6. Conclusions and surface structural relaxation of silica glasses, J. Non-Crystalline
Solids 288 (2001) 73-80.
In this study we have examined the effect of the pres- [4] S. Oh, K. Tajima, M. Ando, T. Ohiji, Fabrication of porous )3 by
ence of molecular water impurity in the fused silica glass microwave sintering and its properties, Material Lett. 48 (5) (2001)

L . 215-218.
on the temperature field in the layer subjected to thermal [5] Y-F. Liu, X-Q. Liu, G.-Y. Meng, A novel route of synthesizing

infrared radiation. Radiation absorption and scattering were La; _,SKCoO3 by microwave irradiation, Material Lett. 48 (3-4)
taken into accountin the developed model. It was established  (2001) 176-183.

620 . . . .
0 02 04 06 08  zcm
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