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Tellurite glasses of (TeO,)og(WO3)o2 and (TeO,)oA(WOs3)o2(Lax0s)o1 are produced by melt-
ing mixtures of respective oxides. Some properties of produced glasses essentia for applica-
tion in fiber optics are investigated. The best glass samples contain 0.5 — 1.0 ppm of OH
groups, no more than 0.5 ppm wt. of transition metal impurities, less than 5x10% cm® of het-
erophase scattering inclusions with a diameter 0.05-0.09 pm. The kinetics of glass crystalli-
zation is studied within 380-480°C. A set of properties of glasses with the aforesaid compo-
sitions makes them applicable for optical fiber production, asis proved by experiments with
fiber drawing from (TeOz)o.8(WOs)o2 glass by double crucible method.
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1. Introduction

Recently an increasing attention of the researchers has been paid to the TeO,-based glasses.
Due to their strong nonlinear properties and an opportunity of doping with high concentrations of
rare-earth € ements, these glasses are now considered to be one of the most perspective materials for
the development of high-performance laser sources, amplifiers and converters of radiation for vis-
ble, near and middle IR spectra ranges. Thus the feasibility of using active eements from these
glasses both in conventiona and fiber forms is shown, for example, in [1 — 4]. Large second-order
optica non-linearity of tdlurite glasses is dso demonstrated [3]. Wideband amplifiers based on
stimulated Raman scattering are thought to be one of the promising trends of tdlurite glass applica-
tion. A tdlurite fiber amplifier has been devel oped with a 160 nm spectral band (from 1490 to 1650
nm) and a gain coefficient of 10 dB [4].

Information on telurite glass fiber is given in papers [1 — 5]. A TeO, — ZnO — Na,O glass
fiber with optica losses less than 1 dB/m has been made by rod-in-tube method [1]. Optica fibers
used in [4] had minimum loss of 20.4 dB/km at 1560 nm. Seddon et a. have reported on fabrication
of fluorotdlurite fibers with optical |osses lower than 5 dB/min 0.75 — 2.75 wm spectra region. The
glass composition is (TeO02)o.7(N&0)o.1(ZNF2)o2 [5].

Glasses of TeO, —WO; (TWO), TeO, —WO; — La0O; (TWLO) and some other systems may
be considered as perspective materias for fiber optics. At the same time, literature data on purity,
optica and thermo-mechanical glass properties are poor. Preparation of pure and homogeneous
glasses necessary for fiber fabrication and investigation of their properties are the aim of the present
work.
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2. Experimental

Tdlurite glasses of different compositions were produced by meting oxide mixtures of a
given composition in platinum crucible at 800°C with a subsequent solidification of glass-forming
melt. Three variants of melt solidification were used. In the first one the melt was poured into a
metal form heated up to T,. After cooling the samples had the form of (3-5) x25x25 mm?® plates. The
second way was rod drawing from the melt. The rod diameter and length were 8-14 mm and 10-15
cm, respectivey. The third variant implied melt sdlidification directly in the crucible in the
switched-off furnace mode. The melt cooling rate was 4-6 K/min. The samples had 20-50 mm di-
ameter and 60- 90 mm height.

The oxides used for preparation of glass-forming melts were qudified as ‘pure, ‘pure for
andysis’, ‘chemicaly pure. The content of the main glass components was determined by d ectron-
probe microanalysis (EPMA). Methods of laser mass-spectrometry and emission spectroscopy were
used for determination of metallic impurities in glasses. The OH-group content was found by meas-
uring the transmission spectra of glasses on IR Fourier spectrometer Bruker IFS-113v.

Table 1. Impurity content in (T€O2)o8(WO3)o.2 and (TeO2)o.7(WOs)o.2(L8x0Os)o1 glasses.

Impurity Content, ppm wt.
(TeO02)0.8(WOs)o, * (T€02)0.7(WOs5)02(L 805)01**

Si 10 10 180
Al 3 0.06 200
Cu 0.5 0.01 <3
Ag 2 0.002 3.7
Mn 0.5 0.003 1.1
Ni 0.2 <0.03 0.9
Fe 0.5 0.2 28
Cr 30 <0.03 1.9
Ca 2 1 11
Zn 20 <2 9

Mg 6 2 15
Bi 0.3 50 <4
Pb 3 0.3 29
Pt - 50 90

* - determined by emission spectroscopy, ** - determined by laser mass-spectroscopy.

Laser ultramicroscopy was used to determine the size and content of heterogeneous inclusions
(scattering particles) in the bulk samples of tellurite glasses. The measuring techniqueis described in
[6]. The content of ar bubbles and TeO, crystallites with a minima diameter of 0.03 um and
0.09 um, respectively, can be determined by this method within 2x10° - 5x10” cm®. Crystallite nu-
cleation and crystal growth rates were measured at isothermal heating near Ty The crystal content
and size in the glass bulk were determined as a function of annealing time at a given temperature.
The details of measurements and resultant trestment procedures are similar to those givenin [7], as
applied to homogeneous crystallization of fluoride glasses. Intensive surface crystallization of TWO
glasses is revealed above the deformati on temperature T4. The surface boundary between a continu-
ous crystalline phase and glass was observed by optical microscopy. The measurement of crystalline
layer depth as a function of isothermal treatment duration permitted to eval uate the crystd growth
rate at heterogeneous crystallization.
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Table 2. Size and content of scattering particlesin tellurite glasses.

Glass Method of melt Particle size, Particle
solidification* pm* * content,
cm>10°
(T902)0_7(W03) 0_2(L 3203)0_1 | 0.08 -0.17 2

I 0.09-0.14 0.2

11 0.04 -0.07 0.08

(TeO)os(WO3)o.2 | 0.05-0.17 0.75
11 > 0.05 < 0.005

* | —pouring into amould, 11 —rod drawing from the melt, Il —in crucible at a switch-off furnace mode;

** Scattering particles are considered to be air bubbles.

Raman spectra were measured on a Triple Raman Spectrograph T-64000 (Jobin Yvon) using
macrochamber in a scattering configuration at a 90° angle. Argon laser Stabilite 2017 (Spectra
Physics) was used at a 514.5 nm wavd ength as an exciting radiaion. A detailed description of spec-
trum measurement and processing is givenin [8].

Optical fibers from TeO, — WO; glasses were fabricated by double-crucible method. Fiber was
drawn at a melting temperature of 420 °C by atechnique similar to that used for chal cogenide glass
fiber production [9]. Optical fiber losses were measured by a standard two-point method. Mechani-
cal fiber strength was determined by two-point bending between paralld platesat 20°C in air [9].

3. Results

(Te02)0s(WO3)o2 and (Te02)o7(WOs3)o2(La0s)o1 glasses were chosen as the main objects
for tests and property investigation during fiber production. As EPMA showed, the difference be-
tween glass and charge compasitions caused by TeO, evaporation was not higher than 1 at. %.

In Table 1 the results of emission spectroscopy and laser mass-spectroscopy andysis of td-
lurite glasses are presented. Fig. 1 demonstrates the transmission and absorption spectra of the bulk
tdlurite glass samples, where an additional procedure of the glass-forming melt treatment was used
in sample 2 preparation to reduce the OH-group content.
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Fig. 1. Absorption (&) and transmission (b) spectraof TWO glasses. 1,2 — samples prepared
without and with additional treatment for the OH-group removal from glass, respectively.
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The data on microhomogeneity of glasses prepared by different melt solidification processes
are given in Table 2. As is seen, the microinhomogeneity concentration ranges from 8x10* to
2x10° cm®. The estimation accuracy of particle concentration, resulting from repested measure-
ments on the same sampling volume, is 18% at a 95% confidence levd.

Fig. 2 shows the change in crystal content and size in the (T€0,)o7(WO3)o.2(La0s)o1 glass
bulk during the isothermal heating at 430°C. The glass samples used in this experiment were
prepared by method | (see Table 2).

Fig. 3 presents the experimenta results on temperature dependence of the nucleation rate
(W), crystal growth rate (V) for homogeneous (points 1, 2) and heterogeneous (points 3) crystalliza-
tions of (TeO,)0s(WOs)o.2 glass. The glass samples for investigation with initial content of heteroge-
neous inclusions | ess than 10° cm™ were prepared by mdt cooling in the crucible at a switch-off fur-
nace mode. Arrows at points for 400 C° and 410 C° mean that the value of W and V is lower than
experimental measurement limit of these parameters.

Reduced Raman spectrain VV-polarization of XWO; — (100-X) TeO, glass system (x varies
from 12.5 to 24.8 mol. %) are presented in Fig. 4. Intensity of a wide Raman band with a shift at
600 - 800 cm™ is 80 — 90 times the val ue for the reference SiO, glass.

Optical loss spectra of TWO-glass fiber fabricated by double crucible method are given in
Fig. 5.
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Fig. 2. Increasein size and content of scattering particles in (TeO,)o 7(WO3)02(L&0O3)o1 glass
samples after isothermal heating at 430 °C.

4. Discussion

Up to date the key requirements to glasses used for optical fiber production are as follows.
These glasses should be stable to crystallization and microliquation. These processes in red time-
temperature modes during the preparation of glass and its subsequent drawing into optical fibers
should not lead to a change in its target properties.

The properties of substances used as initia at glass synthesis should provide their ultrapuri-
fication from the limiting impurities up to the level necessary for the given optical fiber parameters.

The basic glass should permit the compasition change providing the required values of An,
IR and Raman scattering spectra without degradation of thermo-mechanical, crystalization and
other characteristics. The nature and composition of glass, as well as the related processes during
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glass production and optical fiber manufacture, should provide a high degree of purity and optical
mi crohomogeneity of glass.

As is seen from Table 1, oxide mixtures melting in platinum crucible makes it possible to
produce TWO and TWLO glasses with a sufficiently low content of transition metal impurities.
Their content in glass corresponds to their content ininitial oxides. The use of purified TeO, allows
to decrease noticeably (down to n-10° mass. %) the content of iron in TWO glass. The presence of
platinum impurity in TWLO glass proves the contaminating effect of a crucible material. The evi-
dence for this fact can be found in paper [10].

Hydrogen in the form of water or hydroxyl groups is the most important limiting impurity.
In earlier papers[11] it was shown that the content of water in glass depended on the partia pressure
of water vapors over the mdt. According to [11], the extinction coefficient of water in TWO glass at
a3.17 pm waveength is equal to 108 I/mole*cm (1.5x10* dB/kmippm wt.). In the "driest" samples
of our glasses the OH-group content, calculated from the absorption spectra accounting for the
above-mentioned extinction coefficient value, is 0.5 —1 ppm wt. In view of theintensity ratio for the
absorption bands of OH groups at 3150 and 6700 cmi™* in tdlurite glass [11], the absorption in TWO
glass at 1.3 — 1.5 pm due to the presence of 1 ppm wt. of OH groups should be at a leved of
10 dB/km.

Using the data on microinhomogeneity of investigated glasses it is possible to suppose the
presence of scattering centers of different typesin the samples. Optical study of highly inhomogene-
ous glasses has revealed paratellurite crystallites and pores.
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Fig. 3. Temperature dependence of nucleation rate (W) and crystal growth rate (V) for TWO
glass. 1,2 — crystal growth and nuclegtion rates, respectively, for homogeneous crystalliza-
tion. 3— crysta growth rate for heterogeneous crystallization.

The presence of TeO, is confirmed by differential thermal anaysis: the endothermic effect
due to melting was observed at 730 °C, i.e. a the melting point of TeO,. X-ray diffraction analysis
of TWLO glass after partid crystallization during isotherma anneaing confirmed the formation of
TeO, crystallites. The presence of air bubblesin glassis a natural sequence of the melt contact with
air, a meting of the oxide powder mixture at rod drawing and at casting into metallic molds. The
air dissolved or trapped in the melt is released in the form of bubbles with cooling. The amount and
size of the bubbles depend on cooling process. Cooling the melts with larger amounts of dissolved
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air from higher temperatures and at faster rates results in higher bubbl e concentrations. This explains
the higher concentration of scattering centers in glasses prepared by casting into metalic molds in
comparison with the samples obtained by drawing from the melt or solidified in the crucible Fine
platinum particles become trapped by the met during the oxide mixture melting at 800 °C. Mass-
spectrometric and emission spectroscopy analysis showed that the (Te0)o72(WOs)o2(La0s)o1 and
(Te0,)08(WOs)o2 glasses contained ~ 50-90 ppm wit. of Pt. Using X-ray diffraction Blanchandin et
a. [10] revedled platinum and gold particles in TeO,-WO; glasses prepared with platinum and gold
crudbles, respectivey.

It seems sufficient to note the conditions that provide highly homogeneous glasses. in
(Te0,)os(WOs)o2 glass prepared by furnace-cooling in crucibl e the concentration of scattering inclu-
sions is below the detection limit of laser ultramicroscopy 5%10° cmi®. Measurements of nud eation
rate and crystal growth rate for TWO and TWLO glasses (Fig. 3) indicated their relatively high sta-
bility to crystallization in the vicinity of glass-forming and deformation temperatures. The growth of
scattering centers in the bulk of glass samples annealed during several hours was not observed in
experiments at temperatures of 350-420 °C and 400-520 °C for TWO and TWLO glasses, respec-
tively.
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Fig. 4. Reduced Raman spectra (VV-polarization) of XWO;- (100—x)TeO, glass system.

It was aso noticed that the way of melt solidification affects the crystdlization ability of
glass samples of the same compasition. High stability is found in the samples prepared in the form
of rods by drawing from the melt. In this case the glass is subjected to heat treatment for a shorter
period of time. It may be assumed that the content of crystals with a diameter less than the detection
limit of laser ultramicroscopy is the lowest in these samples.
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Fig. 5. Optical loss spectra of TWO glass fiber. Core glass composition:
1. (TeO2)06(WOs5)0.265(Bi202)0.125, 2. (T€O2)05(WOs)oz.
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Fig. 6. Weibull plots for the bending strength of TWO glass fiber. Core and clad diameters
are 26 and 350 pm, respectively.

Glass optical fibers can be prepared by extrusion, drawing from monolithic or made-up pre-
form (the rod-in-tube method), and drawing from double crucible. The operating temperature inter-
va for these three methods corresponds to viscosity value ranging from 10% to 10* Poise. For
(TeO,)0s(WOs)o glass it corresponds to the temperature interval of 370-430 °C. The drawing tem-
perature in the double-crucible method of 410-420 °C is mostly close to the crystalization tempera-
ture of ~450 °C determined by DTA measurements. The experiments on drawing from double cruci-
ble indicated the possibility to manufacture the optica fibers with the outer diameter of 150-400 um
and core/clad diameter ratio from 1:3 to 1:16. Asis seen from Fig. 5, the optical losses in the fibers
are high (2-5 dB/m at 1.2-2.5 pm) and are caused by a high content of impurities, mainly the OH
groups and transition metals. Fig. 6 gives the Weibull distribution for bending strength of TWO op-
tical fiber with core diameter of 26 um and the outer diameter of 350 um. One can see that the opti-
cal fibers have a high mechanical strength. This corresponds to a high value of the Y oung's modul us
and agrees wdl with the applied method of optical fiber production. The value of the Young's
modulus for TWLO glass measured by acoustic method of bending resonance was found to be equal
to 61+4.2 GPa. At the same time, the double-crucible method provides a high quality of side fiber
surface, as it was shown for chal cogenide glass fibers [9]. Telurite glass fibers fabricated by double-
crucible method did not contain any visible traces of crystallization. This indicates a sufficient sta-
bility of TWO glasses to crystallization and a proper choice of time-temperature modes in the proc-
ess of fiber fabrication. Further progress in the development of tellurite glasses for fiber optics re-
quires increasing their chemical and phase purity and precise measurement of properties of high-
purity glasses.

5. Conclusion

The results of carried out investigations indicated the expediency in development of glasses
of TeO,-WO; and TeO,-WOs-La,0O5 systems composition as materials for fiber optics. In this work
the samples of glasses are produced with a low content (<0.5 ppm wt.) of limiting impurities and
nano-dimensional heterogeneous inclusions. The glasses are sufficiently stable to crystallization near
their deformation temperature, and it permits to use the double-crucible method for fabrication of
optica fibers.
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