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1

A VIBRATIONAL SPECTROSCOPY STUDY OF THE STRUCTURE OF BINARY THORIUM -

- FLUOROHAFNATE GLASSES

Rui M. Almeida

Centro de F~sica Molecular

Ihstituto Superior Tecnico

Av. Rovisco Pais, 1000 Lisboa, Portugal

and

John D. Mackenzie

Materials Science and Engineering Department

University of California

Los Angeles, CA 90024, USA

Glass samples were prepared in the HfF4 - ThF4 binary system, containing

between 32 - 43 mol% HfF Starting materials were the anhydrous fluorides

and there was extensive preferential vaporization of HfF 4 during the melting

procedure, due to its volatility and the absence of a modifier.

Class transition and crystallization temperatures, measured by DTA, were

- 200C higher than those of glasses which contain a modifying compound

such as BaF 2.

Infrared absorption spectra showed two strong high-frequency bands,

characteristic of the antisymmetric stretching vibrations of fluorine atoms

bridging Hf and Th cations, respectively. Polarized Raman spectra were

substantially different from those of binary barium - fluorohafnate glasses.

While the high - frequency band of the latter at 580 cm- decreased in

intensity and shifted to - 620 cm- I , the intermediate frequency range

considerably increased its intensity and developed new features due to the

presence of a large amount of Th atoms.IA vibrational assignment has been made, based on re.;ults previously obtained

for HfF4 - BaF2 and ZrF4 - ThF4 glasses and on the vibrational spectra of

crystalline HfF4 and ThF The results have been interpreted in terms of a



predominant six - fold coordination for Hf and eight - fold coordination

for Th. A small number of seven and eight-coordinated Hf and nine -

coordinated Th are also likely to occur.

The substitution of a network modifier such as BaF by a network former
2-.

like ThF4 substantially increased the degree of bridging and appeared to

change the structure from a predominantly one - dimensional type to a

three - dimensional network.
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POLARIZED RAMAN SPECTRA OF Ca/Sr/Ba/Al FLUOROPHOSPHATE GLASSES

Pranab K. Banerjee and Shashanka S. Mitra

Department of Electrical Engineering

University of Rhode Island, Kingston, RI 02881

Binod Kumar

University of Dayton Research Institute, Dayton, OH 45469

Bernard Bendow

The BDM Corporation, Albuquerque, NM 87106

An investigation of the vibrational characteristics of fluorophosphate

glasses was conducted using polarized Raman scattering and fundamental IR

reflectivity measurements. Glasses for this study were synthesized at

UDRI using analytical grade raw materials which were melted in a Pt

crucible in air at 950C and then refined at 850C. Glasses were obtained

by pouring the melt into graphite molds and annealing the glass at 450C

for several hours. The glass compositions, consisting primarily of

aluminum and alkaline earth fluorides combined with a small amount of

P 205 are indicated in Table 1. Polarized Raman spectra were obtained

using a Spex 1400 monochrometer and argon ion laser, and reflectivity

spectra were obtained using a Perkin-Elmer 983 IR spectrophotometer.

Typical results of the measurements are indicated in figures 1 through 3.

Strong and highly polarized peaks were obtained in Raman (see Figure 1)

in the vicinities of 525cm "1 and 970 - 1040cm-1 (double peaks), which are

also manifested as deep minima in the depolarization spectrum of Figure

2. A second set of less intense polarized bands were observed in the

vicinities of 730 and 1350cm "I. A weakly polarized broad band, manifest-

ing a multiplicity of fine structure, was found to span the 225 to

350cm "1 region.



Reflectivity spectra (see Figure 3) reveal a strong and relatively broad

band centered near 630cm -
, a weak and very broad band centered near

1050cm "1 and a variety of broad features with complex fine structure in

the 200 - 450cm °1 region.

The features of the observed spectra have been interpreted by comparison

with either measured or calculated spectra of the individual constituents

where available, in either the crystal, glass and/or gas (molecule) form.

On this basis, the two intense peaks in the Raman spectrum (near 525 and

1000cm 1 ) have been assigned to stretching vibrations between Al and F,

the bands near 730 and 1350cm "I to stretching vibrations between P and 0,

and the low frequency features (225-350cm 1) to a combination of

stretching vibrations between the alkaline earth atoms and F and

-1
rotational modes involving Al and F. The strong band near 630cm 1 in the J

IR reflectivity is assigned to AlF3 , the weak broad band at 1050cm"  to

P205 , and the low frequency bands (200-350cm 1) to the alkaline earth

fluorides. The origin of the band near 400cm "1 is uncertain, but could

be associated with P205, AlF 3, or a combination mode involving Al,

alkaline earths and fluorine.

Based on the above observations, one concludes that the fluorophosphates

investigated are comprised of two separate (but possibly interlaced)

networks of P205 and AlF 3. The polarizability, and therefore the Raman

cross section, associated with the fluoride constituents in the glass is

larger than that for P205. Each network is comprised of well defined

structural units containing two different types of bonds, which therefore

display two polarized modes in Raman, while the alkaline earth ions

appear to be distributed outside the main network.

TABLE 1. FLUOROPHOSPHATE GLASS COMPOSITIONS (wt%)

FPI FPII FPIV FPV

CaF 2  40 20 20 20
SrF 2  20 20 0 40
BaF2  0 20 40 0
AlF 3  30 30 30 30
P205 10 10 10 10

2
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DSC MEASUREMENTS OF CRYSTAL GROWTH KINETICS
IN HEAVY METAL FLUORIDE GLASSES

N.P. BANSAL , A.J. BRUCE, R.H. DOREMUS, and C.T. MOYNIHAN
Materials Engineering Department, Rensselaer Polytechnic
Institute, Troy, New York 12181, USA

Introduction

The heavy metal fluoride glasses (HMFG) are highly transparent from the

UV (CO.2 microns) to the IR (18-10 microns) and have potentially very low opti-

cal absorption in the mid-IR. These glasses are therefore strong candidate

materials for optical fibers for low loss, long distance, repeaterless communi-

cation systems. An understanding of the crystallization behavior of the HMFG is

important for obtaining high quality optical fibers without devitrification.

We are studying the crystallization kinetics of these fluoride glasses,

and the results for a ZrF4-BaF2-LaF3 glass (ZBL, Table 1) were recently re-

1,2 3-5
ported 1

. It is now well established that modifying the ZBL composition

by addition of AlF 3 and/or sodium or lithium fluoride leads to glasses with im-

proved resistance to devitrification, which in turn should be manifested by a

change in the crystallization kinetic parameters. We report here results of a

DSC study of the crystallization kinetics of two such modified glasses, ZBLALi

and ZBLALiPb (Table 1), which are currently being used for fiber fabrication

and testing at NRL 6 , and a comparison with the previously reported crys

tallization kinetics of the base ZBL glass.

Preliminary DSC scans at a 10 K/min heating rate are shown in Figure I for

the three glasses. Each scan exhibits three thermal events; in order of in-

creasing temperature these are an endothermic peak at Tg, a large exothermic

peak due to crystallization (the primary subject of this study), and a small
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exotherm due to transformation of metastable crystals to a more stable form.

A crude indication of the greater stability against crystallization

of the ZBLALi and ZBLALiPb glasses is the larger difference between Tg and the

temperature of the crystallization exotherm compared to the ZBL glass.

Isothermal DSC Crystallization Measurements

The isothermal crystallization of a glass may be described by the Avrami

law:

-Zn (1-x) = (kt)n (1)

where x is the volume fraction crystallized after time t, n the Avrami exponent

which depends on the morphology of crystal growth, and k the crystallization

rate constant. Taking the logarithm of Eq. (1) gives:

kn (-Rn(l-x)) = n kn k + n kn t (2)

As explained in Ref. 1, x may be determined by DSC by rapidly heating the sample

from below Tg to a temperature of interest and monitoring the exothermic crys-

tallization peak as a function of time during subsequent isothermal DSC operation.

Typical results for isothermal crystallization on the DSC are shown in Fig. 2 for

ZBLALiPb glass at four temperatures; the graphical determination of x is illus-

trated on one of the isotherms. The values of n and k at each temperature are

determined (cf. Eq. (2)) from a linear least square fit of Zn (-Zn(l-x)) vs. Zn t.

The average activation energy, E, and frequency factor, V, for crystallization

are then evaluated from a linear least squares fit of k as a function of T to the

!-
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Arrhenius equation:

Zn k = Zn - E/RT (3)

These Arrhenius plots are shown in Fig. 3 for the three glasses of Table 1.

The linearity of the plots indicates that Eq. (3) is a good approximation for

the temperature dependence of k over the short temperature interval covered

by the data for each glass. Alternatively, E may be evaluated from the slope

(= -E/R) of an Arihenius plot of Zn t vs. l/T, where t is the time at the(=-/)o a rhnu po f£ m m

maximum in the isothermal crystallization exotherm at temperature T (cf.

Fig. 2). The crystallization kinetic parameters obtained from these two

treatments are given in Table 2 for the three glasses.

Nonisothermal DSC Crystallization Measurements

In the nonisothermal method the glass sample is heated from below Tg

through the crystallization region at a number of heating rates a. Typical

results are shown in Fig. 4. The temperature T of the maximum in the crys-P

tallization exotherm varies with heating rate a according to the expression

£n (Tp 2/a) = kn(E/R) - £n v + E/R T (4)

Plots of in (T p2/) vs. i/Tp are shown in Fig. 5 for the three glasses and

are linear over the experimental temperature range. Values of the kinetic

parameters E and v obtained via Eq. (4) are listed in Table 2.

Discuss ion

Presuming that crystallization is diffusion controlled in the temperature
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range of our study, the activation energies E reported in Table 2 should be the

same as those for viscous flow. It is now well established 5'8 that the tempera-

ture dependence of viscosity of fluorozirconate melts is highly non-Arrhenius,

i.e., E appears to be a strong function of temperature. Hence the E values of

Table 2 must be considered average values for the temperature range over which

crystallization was observed. Given this, there is excellent agreement for each

glass between the E values measured by the isothermal and nonisothermal methods.

In an earlier study 5 it was found that "modified" fluorozirconate glasses

containing AlF3 or alkali fluoride had lower viscous flow activation energies in

the glass transition region than did the "base" ZBL glass. It was suggested that

this accounted for the concomittant decrease in tendency to devitrification of

the "modified" glasses relative to the "base" glass, since the lower activation

energies of the "modified" glasses would cause them to remain highly viscous

over a larger temperature range above Tg. The results of Table 2 show that this

effect persists into the actual crystallization range, viz., the E values of the

"modified" ZBLALi and ZBLALiPb glasses are only about 2/3 that of the "base"

ZBL glass. (As was pointed out in Ref. 5, the lower activation energies of the

"modified" glasses are immediately evident in the more gradual onset of their

crystallization exotherms in Fig. 1, i.e., the increase in (T x-T x') of the

"modified" glasses relative to the "base" glass.) Hence it now appears fairly

certain that a major source of the improvements in glass quality caused by addi-

tion of AIF3 and/or alkali fluoride to ZBL compositions is due to modification

of the viscosity temperature dependence of the melt. The same conclusion was

reached in the study of Ref. 4, although in that study a strong effect of PbF2

on melt viscosity temperature dependence was observed which does not appear in
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the present study.
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Table 1. Compositions (mole%) of Heavy Metal Fluoride
Glasses

Glass ZrF 4  BaF 2 LaF 3  AZF 3  LiF PbF 2

ZBL 62.0 33.0 5.0 - --

ZBLALi 50.7 20.7 5.2 3.2 20.2 -

ZBLALiPb 49.83 16.96 5.06 3.16 20,"9 4.09

Table 2. Kinetic Parameters for Crystallization of
Fluoride Glasses Obtained from Isothermal
and Non-Isothermal DSC Studies

Isothermal Non-isothermal

Glass kn k vs. l/T 9,n t vs. l/T
m

n v(S- ) E(kJ/mol) E(kJ/mol) v(s- 1 E(kJ/mol)

ZBL 3.2 + 0.2 7xl1 301 332 6.3 6 x10 2 314

ZBLALi 3.3 + 0.8 2.3x14 203 189 2.52x11 168

ZBLALiPb 2.2 + 0.2 5.2x17 220 174 1.66xl14 197
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SURFACE CRYSTALLIZATION ON FLUORIDE GLASSES

R. H. Doremus and N. P. Bansal
Rensselaer Polytechnic Institute

Materials Engineering Department
Troy, New York 12181

USA

The usefulness of fluoride glasses as optical components depends on

control of surface properties. Surface crystallization can change the

optical properties of the glass and destroy its mechanical integrity.

Therefore we studied the crystallization of fluoride glass surfaces after

they were heated, and found fine crystals that grew to a certain size, after

which wrinkled regions grew out from these initial crystals.

The glass composition chosen for study was 62% ZrF2, 33% BaF2, 5% LaF3,

mole%. Slices of glass were cut with a diamond saw and polished with I vim

diamond paste. Under the optical microscope the glass surface showed no

scratches or other features. Samples were heated at temperatures from 3220

to 390CC, after which they were observed in the optical microscope. Selected

samples were observed in the scanning electron microscope after the surface

was coated with gold.

As the samples were heated for successively longer times, individual

small crystals grew on the surface. They seemed to be all of about the same

size, suggesting that they were nucleated early in the heating cycle. There

was some evidence that these crystals were associated with dark regions in

1
crystals containing these regions. Dark regions are formed when the glasses

are melted in an inert atmosphere; they are not present when a small amount

of chlorine is added to the inert gas.

*I When these crystals reached about 10 pm in size, wrinkled regions grew

out from them on the glass surface. The nature of these wrinkled regions

is uncertain. They could be crystals growing along the surface, or they
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could result from deformation of a surface layer caused by stresses in

the surface. More work is needed to determine their origin.

References

1. S. L. Callahan, M.S. Thesis, Rensselaer Polytechnic Institute, 1982.
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FUNDAMENTAL OPTICAL PROPERTIES OF HEAVY METAL FLUORIDE GLASSES

Bernard Bendow
The BOM Corporation
Albuquerque, NM 87106

This paper reviews the current state of knowledge on the optical
properties of heavy metal fluoride (HMF) glasses. Although far from
comprehensive, considerable data is nevertheless now available for many
HMF glasses, on a variety of optical properties such as: IR and UV
absorption; fluorescence; fundamental IR reflectivity; Raman, Brillioun
and Rayleigh scattering; refractive index, and its wavelength and temper-
ature dependence; and photoelastic constants. These data enable
evaluation of the characteristics and performance of optical components
fabricated from HMF glasses, as well as providing insight into
fundamental properties such as structure and bonding. The current and
projected values of several key optical parameters are summarized in
Table 1.

Some salient points regarding glass transparency are: HMF glasses
are capable of continuous high transparency (absorption coefficient less
than 0.1 cm-1) from about 0.3,um in the near-UV to 7,um in the mid-IR.
The IR edges are relatively steep and structureless, similar to those of
alkaline-earth fluoride crystals, and display dependences characteristic
of intrinsic multiphonon edges (see Figure 1). The longest wavelength IR
edges observed to date are for Ba/Th fluoride glasses such as
BaF2-ZnF 2-YF3-ThF 4 . The UV edges are highly dependent on glass
processing conditions, with near-exponential edges being observed in cer-
tain circumstances (see Figure 2). Constituents which limit the IR,
visible and/or UV transparency of the glasses have been identified. For
example, addition of AlF3 has been shown to shift the IR edge to shorter
wavelength (see Figure 3). Extensive studies of absorption and/or
emission associated with a wide variety of impurities and/or dopants
ranging from rare-earths to OH have been reported, and quantitative rela-
tions been absorption levels and concentration have been established in
many cases.

The refractive index of HMF glasses vary over a relatively broad
range as a function of composition, with typical values 1.48-1.49 for
Ba/Th fluoride glasses and 1.50 to 1.53 for fluorozirconates. Visible
and IR dispersion is low, with tyRical Abbe numbers in the range 65-85,
and low material dispersion (din/dX 2) over a broad range of IR
wavelengths (see Figure 4).

Am I



Thermal distortion associated with transmission of high energy laser
light through optical elements depends on a number of parameters such ds
;4n/T and the photoelastic constants Pij, as indicated in Table 2.
Recent measurements indicate values of n/ )T in the range -9 to
-16(10-6 /C), and of birefringencejP 1 1-P1 2 i ranging from -0.005 to 0.13.

Other significant results include: Measurements of Rayleigh
scattering displaying a X-4 dependence, and scattering cross sections
comparable or less than that of fused silica; measured values of total
integrated scatter in the IR as low as 10-3; and measured minimum losses
in fibers of nearly 10dB/km.

Fundamental IR spectroscopy of HMF glasses has provided substantial
insight into their bonding, structure and vibrational characteristics.
For example, the spectra of flurozirconate glasses imply they possess
partially ionic bonding and contain well-defined ZrFx structural units.
On the other hand, Ba/Th glasses do not appear to possess a single well-
defined unit dominating the glass structure.

The observed and projected properties imply that HMF glasses are
extremely promising candidates for a wide variety of applications, as
indicated for high energy lasers, for example, in Table 3. Some
examples: (a) Their IR edge characteristics and low Rayleigh scattering
imply a minimum loss in HMF glass optical fibers as low as 10- 3dB/km (see
Figure 5). Combined with their low material dispersion, HMF glass fibers
emerge as viable candidates for ultralong repeaterless communications
links. (b) Their low absorption and favorable properties for ultralow
thermal distortion (see Table 4) make them highly attractive candidates
for high energy laser transmissive otpics over a broad range of operating
wavelengths. (c) Their multispectral transmission, low absorption and
low total scatter offer promise for missile dome applications in the
2-61um regime. Other capabilities include narrow band absorption
filters, low dispersion lenses and IR laser hosts.

Research supported in part by Naval Ocean Systems Center under
Contract No. N66001-83-C-0153.



TABLE 1

OPTICAL PROPERTIES OF FLUORIDE GLASSES

CURRENT PROJECTED

REFRACTIVE INDEX 1.45 - 1.60

DISPERSION d2fl/d) 2 -5xl10 3 M~2 (IR)

ABSORPTION COEFFICIENT -2x10- cma-1 (HF) -?xIO-8 cm-1 (HF &DF)

-10-4 cm-1 (6348R) -10-5 cm-1 (6348R)

RAYLEIGHT SCATTERING SIMILAR TO Si0 2  LOWER THAN Si02

TIS -10-2 TO. 10-3 (DF) <10-3 (MID-IR)

BIREFRINGENCE P11 -Pj2 - .005

dn/dT (-.9) TO (-1.5) x 10-5/OK

THERMAL DISTORTION -1xjO-6/0K jxjO-7 /OK

LASER DAMAGE (BULK) VERY GOO00* (DF) EXCELLENT

SURFACE FINISH VERY GOOD EXCELLENT

*DATA IS CLASSIFIED

3



TABLE 2

THERMAL DISTORTION FORMULA FOR BULK ABSORPTION IN A SINGLE SLAB

STREHL RATIO SR = =I a
10

A IS THE DEGRADATION IN THE STREHL RATIO (A .2 TO SATISFY MARECHAL's

CRITERION). WITH k = 2r/X,

A (kATL)
2 6

6 U(fj + 2f2 )
2 + Sf2  U(dn/dT)2

2 e

WHERE

f, = (an/T) + a(n3/2) [(1-v)p12 - Pill + a(] + v)(n - 1)

f2 = cn3(1 + v)(pl - P12)

n IS THE REFRACTIVE INDEX, v IS POISSON'S RATIO, Pijs ARE

PHOTOELASTIC CONSTANTS

4

4 .



TABLE 3

HEL APPLICATIONS FOR FLUORIDE GLASS

" LASER WINDOWS (HF/DF, Nd:YAG, 12, FELs, EXCIMERS)

" BEAM EXPANDERS (FELs)

* GRATINGS (SINGLE OR MULTI-X)

* HR/AR COATINGS FOR REFLECTIVE/TRANSMISSIVE COMPONENTS

* RUGATE COATINGS FOR EO SYSTEMS LASER HARDENING AND FOR MULTIWAVELENGTH

COMPONENTS

* CORROSION RESISTANT COMPONENTS/SUBSTRATES FOR HALIDE GAS LASERS

* ULTRALOW DISTORTION LASER RODS

-: .... .. .. . __ ...... . : .... .C .- . . -. -r-T -.5



TABLE 4

GLASS PERFORMANCE (PHOSPHATES AND FLUORIDES)

FoM(A) (dn/dT) e

MATERIAL Pij " 0 pjj-pt (SiO 2)  pjj , 0 pijxp1 (SiO2 )
(10- 6/oC) ('l6/"C)

Phosphates:

LG750 2.24 2.40

LG760 2.20 2.15

LG810 0.0270 4.12 0.324 2.52

LH6-8 1.30 2.17

LH6-10 0.373 6.87 1.16 3.15

Flourides:

Z8LA 2.26' 1.81"

Hil (+Pij) 0.886* 1.13*

HBL (-pij) 7.17" 5.09*

* measured values of pij used for fluoride glasses

- 5 x 10"6 cm"1; h - 0.1 W/(cm2-OC); L 0.5cm; I/1 x I

S = 0.1997; U 0.06319.-,Iie2 beam edge

6
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AN F19 NMR STUDY OF HEAVY METAL FLUORIDE GLASSES BASED ON ZrF4

P.J. Bray and R.V. Mulkern, Brown U., Providence, RI
M.G. Drexhage, RADC, Hanscom AFB, MA
S.G. Greenbaum and D.C. Tran, Naval Research Lab.,
Washington, DC

Several compositions of ZrF4 based glasses have been studied using

F1 9 NMR. The spin-lattice relaxation time, Ti, of the F1 9 nucleus was

measured over a wide temperature range. Figure 1 portrays a typical

In T vs. 1000 /T plot for these glass systems. Activation energies, Eas

for fluorine motion were calculated from these plots through the application

of the Bloembergen, Pound, and Purcell (BPP) theory. From Table I it may

be seen that these activation energies are compositionally dependent. The

addition of stabilizing agents such as LaF3 and AlF 3 to the binary ZrF4-

BaF2 system increased the activation energies, indicating a suppression of

fluorine motion in the more stable glasses.

A marked difference in activation energy was found between NaF containing

glasses (0.31 e.v./ion) and LiF co: 'ning glasses (0.71 e.v./ion). This

1
difference seems to confirm the observations of Poulain and LeCoq that

the Na+ and Li+ ions play different structural roles in the vitreous

network.

L4

1) "Lanthanum Fluorozirconate Glasses", A. LeCoq and M. Poulain,
J. Non-Cryst. Solids, 34(1979) 101-110.

Ik



Table 1

Glass Composition mol% E aCe.v./ion)

ZB-2-8 57.7ZrF 4-42.3BaF 20.25

ZF-s-28 63.5ZrF 4-29.5Ba'F -7LaF 3 0.30

ZEL 62ZrF 4-33BaF 2-5LaF 30.29

ZBA 7ZF4 23BF 3a 3 - F304

ZBLA 57ZrF -36EaF -3LaF -4A1F 30.42

z F -9851 rF4 2L F -6 a 23 5 3 - 0 7
HBLA 57K1lF -6BaF -LF- F 04

3 2 3 3
ZF-4620 5lZrF 4-2O~F-16BaF 2-5LaF 3- 03

-3A17 -5PbF
3 2
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DSC STUDY OF NUCLEATION AND CRYSTALLIZATION

OF HEAVY METAL FLUORIDE GLASSES

A. J. Bruce and C. T. Moynihan
Rensselaer Polytechnic Institute

Troy, New York 12181
USA

and

0. H. El-Bayoumi and M. G. Drexhage
Rome Air Development Center

Hanscom AFB, MA 01731
USA

Whether or not heavy-metal fluoride glass (HMFG) fibers will ultimately

be used for ultra-low loss, long range optical communcation will depend

(1) on improving the material purity and (2) minimizing glass instabilities

(e.g. against crystallization, physical aging and corrosion) during the

fiber production and use.

Matecki et al. have suggested that all HMFG may be unstable against

homogeneous nucleation at their annealing temperatures (cf. Figure 1) and

that the nuclei produced on annealing fibers preforms may grow sufficiently

at the drawing temperatures to produce unacceptable scattering losses in the

resultant fibers.

In this study the nucleation effects produced on annealing 10 BaF 2-50 MnF 2-

40 ThF4 (BMT-l) glass (mol%) in the vicinity of the glass transition temperature

(0 600K) have been investigated using DSC.

Figure 2 shows DSC rate heating scans (10K/min) obtained for BMT-l glass

samples after annealing them for 10 hours at TA and then cooling them rapidly

(-100K/min) to 540K. The magnitude of the heat capacity change AC at the glass
p

transition is proportional to the fraction of the sample which is amorphous;

i.e., AC is smaller for a partly crystalline sample than for a completely
p

amorphous sample. The plot of ACp versus annealing temperature (Figure 3(a))

pt
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indicates that a negligible amount (< 2%) of crystallization occurred during

the 10 hour anneals of BMT-l at temperatures at or below 610K. Relative

shifts in the first crystallization exotherm X (cf. Figure 2) on subsequent rate

heating are therefore attributed to increases in the number of growth

centeiduring annealing (i.e., nucleation). The same conclusion is indicated

by the variation of the enthalpy change AH1 for the crystallization exotherm

(Fig. 3(b)).

After annealing treatments in the range 610-650K the AC values measuredP

on subsequent rate heatings are observed to decrease with increasing annealing

temperature, reaching zero by 640K. This indicates that substantial crystal

growth occurs during these annealing treatments, although, at a relatively

slow rate, 10 hours being required for ' 50% crystallization at 630K. Note

that the high temperature exotherm X2 in Figure 2 is unaffected by changes in

annealing temperature. This exotherm is most probably due to a solid-solid

transformation from a metastable polymorph initially formed on crystallization

to a more stable polymorph.

In Figure 4 our interpretations are superimposed on plots of characteristic

temperatures versus prior annealing temperatures. The maximum shift in the

crystallization onset temperature T after annealing at 590K is thereforexl

attributed to a maximum in the nucleation rate (I) at this temperature for

the 10 hour annealing treatments.

In Figure 5 the location of the nucleation and growth curves deduced from

the present study of BMT-l glass are compared with those for "stable" and

"unstable" glasses. It is seen that the BMT glass does indeed fall into the

unstable category, although the degree of overlap between the nucleation and

growth rate peaks is relatively small. Measurement of the scattering effects due

to the nuclei and their subsequent growth at typical drawing temperatures remain
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to be made.
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FAR-IR TRANSMIITrING, CADMIUM IODIDE-BASED GLASSES

E. I. Cooper and C. A. Angell

Department of Chemistry
Purdue University

West Lafayette, Indiana 47907

A new class of inorganic halide glasses is described, in which iodide is
either the only or the main anion. The glass-formation progenitor is CdI2
(usually 40-60 mol%); other components used were CsI, KI, TlI, PbI * te
corresponding bromides, etc. The iodide glasses exhibit remarkably higX far-
IR-transmittance (down to -350 cm-1 for 2 mm thick plates), and a much better
resistance to humidity than that of known chloride glasses; however the low
glass-transition temperatures (10-35 0 C) lead to relatively poor stability.
High lead halide content *marginal" glasses of higher T ( 630 C) and excellent
moisture resistance are briefly described.g

Much effort has been invested over the last several years in the
investigation of fluoride glasses (1]. The possibility of glass-formation in
systems of the heavier halides--chlorides, bromides and iodides-has received
less attention. ZnCl2 has long been known to be a glass-former [21 and has
been suggested as the ultimate low-loss fiber material. However, its very
high hygroscopicity makes its manipulation difficult and its use questionable,
and its binary chloride solutions with 'modifiers' are not glass-forming
unless splat cooling or droplet techniques are used in contrast with their
fluoroberyllate analogues. Recently described BiCl3 -based glasses are easy to
form, but are also hydrogroscopic [3]. ThC14-based glasses, also recently
described (4], are neither easy to form nor moisture resistant.

The insoluble halides of lead suggest themselves as possible starting
points for systems free of air stability problems, but these only yield glassy
phases under extreme quenching conditions [5]. Our preliminary results on
glasses prepared from mixtures of lead halides with cadmium, thallium and/or
alkali halides--some of which we report below--point to similar limitations.

On the other hand CdI 2 , which is only moderately soluble in water (one
mole per 24 of B2 0 at 20

0 C) and forms no hydrate above O0 C, offers interesting
prospects.

We have investigated, with moderate success, the possibility of forming
room-ter.,perature stable, moisture-resistant glasses, from the systems Cdl-
CsI-KI, CdI2-CsI-TlI, and some ternary and quaternary systems containing Phi 2

additions, and report herein the results.

In general compositions in the systems of this study have glass
transitions between 100-350. Compositions with a T11 ui us below 220-2400 C
were at least marginally glass-forming; for these, T /4 1 3001/500K - 0.6 ,

which is the approximate value at the edge of the glass-forming range in many



cases. Large samples of iodide glass could not be made, even if fourth
components such as Pb1 2 were introduced (although such additions may have

other beneficial effects, see below). The maximum thickness (for some cases)
was 2 mm. On the other hand, if both Pb ++ and Br- are added major increases

in crystallization resistance during cooling may be obtained and thick

sections stable for a few weeks at their glass transition temperatures (about
room temperature) can be obtained. Furthermore, crystallization when it
occurred was obviously by a heterogeneous mechanism.

The glass-forming domain in the CdI 2-CsI-KI system is shown in Figure 1;

values for T1 , T and (T -T ) are shown in Table 1. The last column gives
recommended citerion for glass stability against crystallization during

annealing that does not necessarily indicate the difficulty of avoiding
crystals during cooling.

Although CdI2 + TI halide solutions are not glass-forming themselves,
replacing 10-16 mol% of CdI 2 by PbI 2 in the eutectic composition of Cd,

T1 I I, Cl and optionally making the mix . 12 mol% in bromide, yields

compositions which are almost indifferent to moderate humidity. One such
sample (no. 15 in Table 1) was exposed 40 days to air and light and formed
only a 10-20p skin of crystalline material. Unfortunately, they cannot be
made in large sections, in fact are 'marginally glass-forming' by our

classification. Even more marginal glasses in which PbBr2 and PbI 2 are the
major components (e.g., glass no. 21, Table 1) show no effects of exposure at
all. These glasses also have higher T 's ( 630 C) hence high stability
against devitrification under ambient conditions, and merit further work.

The absorption spectrum of a typical Cd1 2 glass in the UV-Vis-IR range is

compared, !i Figure 3, to the spectra of some common IR transmitters. The

lack of absorption bands up to -15pm, and the high transmittance up to -30pm

speaks for itself. On the visible side, it is interesting to remark that the
absorption band of TlI--only yellow as a pure compound--is pushed into the UV

range, so that the glass has only a very faint brownish tint. This is
probably an example of a blue shift in the Tl+ 3 PI -- SO transition caused by

the transfer into a more acidic environment. The reflectivity is high as can
be expected of a material of high refractive index. The far-IR spectrum of

crystallized samples is practically indistinguishable from that of the glass.
The all-iodide glasses should make exceptional laser hosts.
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Table 1. Glass transition and crystallization temperatures of selected compositions
of heavy halide glasses.

Cation mol% Anion mol% T 2 L ^-T
No. 3+ Ca2+  Pb2+ Cs+ K + T r - C1" Tc o c p T 

1 41 29.5 29.5 100 1I* 32 35 0.074
2 47 26.5 26.5 100 19* 35 39 0.055
3 48 26 26 100 20* 33 40 0.044
3' 48 26 26 100 19 53 59 0.116
4 53 23.5 23.5 100 14* 40 44 0.091
5 58 21 21 100 11 43 49 0.113
5' 58 21 21 100 9* 45 55 0.128
6 53 47 100 13* 24 29 0.046
7 53 37 10 100 22* 50 59 0.095
7' 52 38 10 100 21 60 65 0.133
8 53 47 100 16 46 50 0.104
9 53 47 90 10 17 50 54 0.114
10 53 47 80 20 17* 45 50 0.097
11 53 47 70 30 17* 47 50 0.103
12 48 5 47 100 29 65 70 0.119
134 47.5 7 37.5 8 100 24 67 71 0.145
14 42.6 11.2 46.2 100 30 75 78 0.149
14' same as 14, after 20 days at 22-23' 34 73 76 0.127
15 34 16 50 I 69 10 21 29* 46 50 0.056
16 48 6 27 19 I 74.5 25.5 24 97 109 ,Q"tj
16' same as 16, after 15 days at 22-230 24 90 100 0.222
17s  70 30 100 31 96 99 0.224
18s  70 30 12.5 87.5 24 89 98 0.219
195 70 30 87.5 12.5 10 63 71 0.187
20s  100 9 58 64 0.174
216 12 88 53 47 43 58 67 0,047
21' same as 21, after 70 days of exposure 46* 60 72 0.044
22 17 73 10 I 18 82 61 98 100 0-104

Notes: (1) An asterisk next tq a Tgvalue indicates that crystallization starts
slightly above T . before a'complete return of the recorder pen to a
straight baselini
(2) See Figure 2. (3) Temperature of the first crystallizration peak.
(41 DSC-run after keeping the sample for 30 days at 22-23.

(f) Sample exMoted to air for 7 days.
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MULTICOMPONENT HEAVY METAL FLUORIDE GLASSES

CONTAINING MgF 2

Osama H. El-Bayoumi and Martin G. Drexhage
Solid State Sciences Division

Rome Development Center
Hanscom AFB, MA 01731

John R. Gannon and Paul Tick
Research and Development Division

Corning Glassworks
Corning, NY 14831

A large number of multicompnent heavy metal fluoride glass compositions have

been developed in the tast four years. Although the french scientists (e.g.

Lucas, Poulain and Poulain) prepared sizable bulk glass samples and optical

fibers from mixtures of the fluorides of many elements in the periodic table,

the search continues for new heavy metal fluoride glasses with better physical,

mechanical and optical properties. The multi-component BaF 2/ThF 4 glass

exhibits a significant decrease in the 6-10 Um IR absorption coefficient

relative to the fluorozirconate glass family (ZBLA). In this study we report

preliminary results on glass formation in the system MgF2 /ThF 4. The optical,

physical and thermal properties for selected compositions of these new glasses

are discussed. The effect of ThF 4 , YobF3 , AlF 3 and PbF 2 on the stability of

these glasses is reported.

All glass samples prepared in the course of the study were prepared by melting

10gm batches of the mixed fluorides in vitreous carbon crucibles in an argon

atmosphere. Since some elements were added as oxides, 4 to 5 times the

stoichiometric amount of ammonium bifluoride was mixed with the batch to

convert oxide species to fluorides. A resistance heated furnace was used to

obtain temperatures of 950-11000 C which is required to insure complete melting.



The glass melts were quenched to room temperature between two brass plates.

Few compositions were cast in a slot-type brass mold to obtain plates 3mm x

3cm x 3cm thick smaples. Glasses were annealed near the glass transition

temperatures.

Batch compostions melted during this work are divided into three groups.

Table 1 shows the compositions in the first category which contain no

ThF 4 or YbF 3. Only two compositions yielded 1.0mm-thick glass sheets upon

quenching. When YbF 3 was added to the batch compositions of the second group,

four glass samples were obtained as shown in table 2. The best results were

obtained when both YbF 3 and ThF 4 were added to the batch compositions of the

third group in table 3. In this case, eight melts yielded glass samples.

Furthermore, 3mm-thick glass samples were obtained by casting melts of

compositions containing AIF 3 in combination with ThF 4 and YbF 3.

Table 4 shows compositions, glass transition temperatures (Tg), crystallization

temperatures (Tx) and refrative indices of selected compositions. These data

are compared with that of fluorozirconate and BaF 2/ThF 4 glasses. In general,

Tg's of the Mg/Th glass family are similar to that of Ba/Th glasses i.e, Tg is

not affected by relacing Ba by Mg. The refractive index of two glass samples

of different compositions are measured and found to be similar to the ZBLA

and Ba/Th glass families.

Figure 1 is the percent transmission versus wavelength of glass composi-

tions listed in table 4. The absorption coefficients of these glasses in the 6-

10 Um region are shown in figs. 2 and 3. Data for the representitive ZBLA

and Ba/Th glasse are also indicated. The IR edge absorption of Mg/Th glasses

containing 10 mole % AIF 3 is identical to the ZBLA glass containing only 4

mole % AlF 3. On the other hand, addition of 15 mole % AIF 3 caused the

absorption edge to shift towards shorter wavelength. The substitution of MgF2

for BaF 3 and its effect on the IR absorption is shown in Fig 3. It is clear

that such substitution did not effect the absorption in the 6-10 Um region.

'IL
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COMPOSITION (MOLE %)OILA88 STATE
# MgF 2  ZnF 2  AIF3  PbF 2

1 15 15 35 35 XTAL

2 20 15 30 35 XTAL

3 20 15 35 30 XTAL

4 20 20 30 30 GLASS

5 20 20 45 15 XTAL

6 20 10 40 30 GLASS

7 20 10 30 40 XTAL

8 20 10 50 20 XTAL

9 25 15 30 30 XTAL

10 25 20 25 30 XTAL

11 10 20 40 30 XTAL

12 22 12 33 33 XTAL

13 23.8 4.8 35.7 35.7 XTAL

14 25 25 35 15 1TAL

Table 1: Glass Compositions Containing no YbF3 or ThF4

COMPOSITION (MOLE %)
GLASS STATE

* M5F2  ZnF 2 YbF 3  AIF 3  PbF2

1 20 10 10 30 30 GLASS

2 20 15 5 30 30 GLASS

3 18.8 18.8 11 28.7 18.7 XTAL

4 19.8 19.8 11 19.7 29.7 XTAL

A 19.8 8.8 11 29.7 29.7 XTAL

9 8.8 19.8 11 28.7 28.7 XTAL

18 18 10 27 27 GLASS

8 17 17 15 25.5 25.5 GLASS

Table 2: Glass Composition Containing YbF3



COMPOSITION (MOLE %)
GLASS STATE

# MgF2  ZnF 2  YbF3  ThF4  AIF 3

1 19 27 27 27 - GLASS

2 13 29 29 29 - GLASS

3 25 25 25 25 - GLASS

4 10 30 30 30 - GLASS

5 7 31 31 31 - GLASS

* 10 20 25 25 20 GLASS

7 6 28 28 28 10 GLASS

e 8.5 25.5 25.6 25.5 116 GLS

a 3.4 27.2 27.2 27.2 15 XTAL

-.CAST

Table 3: Glass Compositions Containing Both YbF3 & ThF4

Q~pA$ - OMPOSITION (MOLE I) Tg Tx Ta-Tg ND

* MgF2 ZnF2 YbF 3 ThF 4 AIF3 PbF 2 oQ G

1 13 29 29 29 - - 337 378 41 1.521

2 7 31 31 31 - - 329 383 34

3 6 28 25 28 10 - 346 419 74

4" 8.6 25.5 26.5 25.5 15 - 180 414 64 1.501

5 20 10 1Q -- 30 30 33 3983 40

0 TZrF4-3SBsF2-3L&F2-4AIF3  310 390 80 1.510
- - -1 -

7 191F2 -27ZnF 2 -27LuF 3 -2 ThF 4  353 433 99 .634

Table 4: Compositions, Glass Transition (Tg), Crystallzation (TA'
Temperatures and Refractive Index.

I Ag
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TRACE IMPURITY ANALYSIS OF FLUORIDE GLASSES AND MATERIALS

C. F. Fisher, P. Nordquist, and D. C. Tran
Naval Research Laboratory

Washington, DC 20375

A number of selected instrumental techniques applicable for the

qualitative and quantitative analysis of transition and rare earth element

impurities at the ppb to ppm concentration levels in raw materials and final

glasses is discussed. Chemical problems associated with reagent impurities,

material solution, matrix-impurity separation and impurity reconcentration are

outlined. Preliminary results for analysis by D.C. plasma spectro-photometry

of selected transition and rare earth elements in glasses, in raw materials

from various commercial sources, and in laboratory prepared materials purified

by sublimation and solution recrystallization are presented.

Transition metal impurities at the I ppm level in fluoride glasses have

been shown to cause extrinsic absorption losses as high as 130 dB/km in the

I to 3 P region. 1 The presence of impurities at this concentration level in

fibers is evident in the loss spectra of a recently reported fiber drawn at

NRL which had an absorption loss in the same wavelength region of from 50 to

100 dB/km. 2 Future progress in reducing the total attenuation loss of fluoride

glass fibers is very likely to be dependent upon the elimination of the

sources of these impurities. The task of identification, quantification and

elimination requires the judicious choice of a suitable analytical instrument

and the development of analytical techniques capable of providing data

routinely at the sub-ppm level. Of the various instruments available, DC

plasma spectrometry offers a number of advantages over other methods such as

ICP, atomic absorption, mass spectra and uv-visible spectrometers. Employing

this analytical method, we have evaluated the purity of a number of commercial



sources of fluoride glass reagents and several in-house purified materials.

Commercial sources of ZrF4, a major component of the NRL glass

composition, ranged in impurity levels from several thousand ppm to 10 ppm.

Iron was generally found at an order of magnitude greater than the

concentration of Cu, Co or Ni. No commercial source having 1 ppm or less of

iron was found for this material. Lanthanum oxide from two sources had iron

concentrations at the 1 ppm level. Barium carbonate, lithium carbonate and

aluminum oxide -- reagents from which fluorides can be readily prepared --

showed impurity levels at less than a few hundred ppm.

These data indicate that the major source of transition element

impurities in fluoride glasses of the NRL composition prepared from

commercially available reagents originate with the ZrF 4 component.

Purification by multiple sublimations of this reagent can reduce the Fe

impurity content to the 5-10 ppm level.
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MECHANICAL PROPERTIES OF INFRA-RED TRANSMITTING FIBRE

P.W.FRANCE, J.WILLIAMS, S.F.CARTER, K.J.BEALES
3RITISH TELECOM RESEARCH LABORATORIES, MARTLESHAM HEATH, IPSWICH, U.K.

.INTRODUCTION

Although there has been a considerable amount of work published on the
structure and optical properties of both fluoride and chalcogenide glasses
for use in 2-5 um optical systems, to date there has been little work
describing the mechanical properties. The aim of this work was to
determine the intrinsic material strengths of these new materials and to
characterise their fatigue properties, so that they could be compared with
the more conventional oxide systems.

2. EXPERIMENTAL
2.1 Fluoride Fibres
Fluoride glasses were made up in approximately 1OOgm batches from mixtures
of 99.5% purity fluorides. The water contents were lowered to around 300
ppb (measured on bulk samples) by bubbling with reactive gasses, and after
fining the glasses were cast into go'.d-coated moulds. Single material
preforms, 15 mm in diameter and 10 cm in length were drawn into fibre
using a short hot zone furnace, flushed with dry nitrogen. The diameter
was controlled to 125 + 4 um and UV-cured epoxy acrylate coatings were
applied in line. In general between 200-300 m of fibre could be drawn in
this way.

2.2 Chalcogenide Fibres.
-e-As-Se glasses of 5*9's purity were prepared by vaccuum melting in
sealed silica ampoules using a rocking furnace. Because of their longer
working ranges and better stability these glasses were drawn into fibre
,sing silica double crucibles, from which either single material or clad
fibre could be made. Lengths up to 1 .0 km were coated with either silicone
resin or epoxy-acrylate and again the diameter *as controlled to 125 + 4
urn.

2.3 Streneth Measurements.
These were made using the two point bending technique which has been
described in detail elsewhere (I). The advantages of this technique are
that firstly it only measures short gauge l-ezngths and is therefore more
likely to measure intrinsic material strengths and secondly it can be
easily adapted to measure strength in different environments e.g. liquid
nitrogen.

3 RESULTS
3.1 Strength of Fluoride Fibres
Results from a Zr-Ba-La-Al-Li (2) single material fibre are shown in fig.
1. The median ambient strength of 0.9% corresponds to a stress of 0.46 GPa
(Young's Modulus was 51 GPa) or 66,000 psi. The results at -1966C were
taken on uncoated fibre, since the strength of the coating at these low
temperatures was greater than the fibre. The uncoated fibre was carefully
handled to minimise microdamage, and in short gauge lengths gave the same
,edian strengths under ambient conditions as the coated fibre. The median
inert strength of 1.05% or 0.54 GPa was surprisingly low in view of
published values of K., (3) and it is not yet clear whether this is really
the intrinsic strength or the result of numerous surface flaws such as



czystallites.

The difference between the ambient and the inert strength indicates that
stress corrossion was occurring in these glasses, and results in water and
isopropanol indicate that OH was causing fatigue. The ratio between the
ambient and the inert strengths can be used to estimate a value of N, the
stress corrosion susceptibility, according to:

R - ( B(N-1)0.42v / S.Er ) . . . (1)

where R is the ratio, v is the bend test velocity, r is the fibre radius,
S- is the inert strength and E is Young's Modulus. B is a material
constant and was assumed to be 10"' • A ratio of 0.86 predicts a value of
95 for N.

Fig. 2 shows results on a Zr-Ba-La-Al fluoride fibre which had been stored
in water at room temperature under zero ztress. The strength decreased
rapidly with time and reduced to approximately half it's initial value
after 24 hours.

3.2 Results on Chalcogenide Fibre.
Fig.3 shows results on a GeAs,,Se,,fibre coated with silicone resin.
Results in ambient conditions were similar to those at -1960C with a
median strength of 3.8% strain. Results at higher velocities and in water
also gave identical results and indicated that stress corrosion was not
occurring in this fibre. The reason for this was that all fractures
examined occurred from internal flaws, thought to be small bubbles about a
um in diameter, and these internal flaws were possibly immune to the
effects of static fatigue. Fig.4 shows results on a Ge As,S.fibre which
also exhibited surface flaws. Because these surface flaws were now exposed
to atmospheric water vapour they were subject to static fatigue, and
consequently gave higher strengths when measured in liquid nitrogen. Using
equation (I) the ratio between the measurements corresponds to an N of 14.

These results can be used to estimate values of inert strength in the
absence of internal flaws. We would expect approximately 15% breaking
strain at -196"C and correspondingly 5% at room temperature.
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SUB-T AGING OF HEAVY METAL FLUORIDE GLASSES
g

D. L. Gavin, A. J. Bruce, S. Loehr, S. Opalka and C. T. Moynihan
Rensselaer Polytechnic Institute

Troy, New York 12181
USA

M. G. Drexhage and 0. H. El-Bayoumi
Rome Air Development Center

Hanscom AFB, MA 01731

USA

All glasses undergo physical aging - a slow change of properties such

as refractive index, enthalpy and volume with time - due to structural

relaxation well below T . The closer to T the faster the physical aging.g g

Since the heavy metal fluoride glasses have relatively low T 's, the questiong

arises whether physical aging will occur to a significant ex ent in these

materials at ambient temperature. Differential scanning calorimetry (DSC)

has been used to study enthalpy relaxation during physical aging of a heavy

metal fluoride glass. The glass composition studied was 58 ZrF 4-33 BaF2-

5 LaF 3-4 AlF 3 (ZBLA).

Samples of ZBLA glass were rate cooled through T and then annealedg

isothermally below T for various times extending up to several months.g

After this the heat capacity C was measured while reheating the glass throughP

the transition region at 10 K/min. To determine the structural state of the

glass at the start of the isothermal anneal, the sample was then rate cooled

again through T at the initial rate and its heat capacity immediatelyg

remeasured. The change in the enthalpy as a result of sub-T annealingg

was expressed in terms of the fictive temperature. The fictive temperatures

Tf of the glass before and after the isothermal anneal were calculated from

the C data by the method of Moynihan et al. and were reproducible to + 0.5 K.
p

The entire set of experiments is summarized in Fig. 1. Isothermal annealing

of the ZBLA glass was carried out at 524 K (T -58 K), 472 K (T -110 K) and

g



2.

376 K (T -206 K).

The DSC traces of samples annealed at 524 K (Fig. 2) show a progressive

increase in the C "overshoot" at T with increasing annealing time dueP g

to the recovery of larger and larger amounts of enthalpy lost during

annealing (cf. Fig. 1). For glasses cooled at 100 K/min and annealed at

472 K the enthalpy lost during annealing is recovered below T and a correspon-g

ding peak in C below T is observed (Fig. 3). This is a consequence of theP g
2

non-linear, non-exponential relaxation process and has been observed
previously in organic polymer3'4, metallic5 and network oxide6 glasses.

The dependence of Tf on annealing time for the anneals at 472 and 524 K

are shown in Fig. 4. Note that if the glasses were to anneal completely to

equilibrium, Tf would drop with time to the annealing temperature, i.e., to

472 or 524 K. Hence in the experimental annealing periods of Fig. 4 the

glasses are moving only on a small amount of the way to equilibrium. At

524 K Tf initially drops rapidly with time, but after about 10 days the rate

of physical aging decreases markedly. Also at 524 K the more rapidly cooled

glass (100 K/min) ages initially much more rapidly than the more slowly

cooled glass (10 K/min), but after several days the two glasses age at

comparable rates. This is a manifestation of the highly non-linear (auto-

2,7catalyzing or self-retarding) character of structural relaxation.2' The

same effect is observed during annealing at 472 K, although at this temperature

the rate of aging is much less rapid than at 524 K.

In Fig. 5 are shown heat capacity scans for ZBLA glass initially cooled

at 10 K/min and reheated immediately after cooling and after 143.3 days

annealing at 376 K. The C scans are identical within experimental error,p

showing that at 376 K no relaxation occurred at all in 143.3 days.

Physical aging has been shown to occur for heavy metal fluoride glasses



3.

well below T . The present results show that aging at room temperature willg

probably not be a problem for glasses of moderately high T (582 K for ZBLA)g

cooled at rates up to 100 K/min. However, further studies are needed to

assess ambient temperature aging rates for heavy metal fluoride glasses which

have experienced very rapid quenching rate (e.g., fibers) and/or have

markedly lower Tg's than ZBLA glass.g
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EXPERIMENT

0 Cool glass on DSC through T at a rate of 10 or 100 K/min

* Anneal isothermally below T for extended period

" Measure C while reheating at 10K/minP

* Cool at 10 or 100 K/min and immediately measure C while

reheating at 10 K/min

* Determine Tf for annealed glass and glass immediately

after rate cool

liquid -

Ld

TIME t/

Temp. Tf() Tf 0

Figure 1. Outline of experimental procedure and

schematic illustration of the variation
of enthalpy with time and temperature
and of Tf determination.
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Figure 2. Specific heat of ZBLA glass measured at a heating
rate of 10 K/min following a rate cool at 10 K/min

and annealing at 524 K for 0 days, 7.2 days and
136.3 days. The C plots for the annealing times
of 7.2 days and 139.3 days have been displaced
upwards by 0.3 and 0.6 cal/gK respectively for

clarity.
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Figure 3. Specific heat of ZBLA glass measured at a heating
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and annealing at 472 K for (A) 0 days and (B) 50.5
days.
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FLUORIDE GLASSES OF URANIUM IV AND 3d TRANSITION METALS

J. GUERY, G. COURBION, C. JACOBONI and R. DE PAPE

Laboratoire des Fluorures et Oxyfluorures Ioniques - ERA 609
Facultl des Sciences - Route de Laval - 72017 LE MANS C6dex

New fluoride glasses with BaF2-MtFn-UF4 formula (MtFn - MnF2' ZnF2,

FeF2, CuF2, TiF3, VF3, FeF3, GaF3) have been prepared (1). The vitreous areas

are established for MtFn = ZnF2, MnF2, FeF3 (Figure 1). Glassy domains are cen-

tered on the pseudo binary system BaMtFn+2-UF4. These glasses accept large varia-

tion of composition and in the case of BaF2-FeF3-UF4 system,numerous fluorides

can be added (till 20 Z mole) leading for example to the composition 20 BaF2
+ + *4 + 2+ 2+ 2+20 FeF 3 - 40 UF4 - 20 MF n (M - Li, Na+ , K , Rb+, Cs+ , Ag+ , Mg Ca Sr

Cd2+ , Mn2+ , Fe2+  o 2, u 2+, Zn , , v Ga3 , 3 , Ln3+ ). BaF2 -FeF 3 -

UF4 is a very good glassy system which allows the preparation of samples up to

20 x 8 x 5 m 3 without any additives, on the contrary for Mn2+ or Zn2+ systems

a small addition of YF3 and AlF3 stabilizes the glass. Table I gives the charac-

teristics and composition of some glasses.

These glasses have good chemical stability, they can be kept up to

250*C in air without damages, 100 h chemical resistance tests in HCI or NaOH

solution show that for YF3 containing glasses as 20 YF3 - 20 BaF2 - 20 FeF3 -

40 U?4 no attack take place even in 40 Z HF.

I.R. spectra show always an important optical density and an absorp-

tion band shut the transmission window near 10.7 um. In the visible and near

I.R., spectra are identical to those of figure 2a ; they are representative of

U4+ whose transitions have been identified in comparison with U4+ spectra in

CaF2 or aqueous solution. Spectrum 2b concerns another lead fluoride glass

containing only 0.5 % of UF4 . The similarity of both spectra shows that either

as glass forming ion or as doping ion U4+ cannot be a sensitive optical probe

for structural information.

The fundamental aim of this work concerns magnetic studies which have

been performed for susceptibility by the Faraday method and for magnetization by

the Foner method in the temperature range 4.2 K - 300 K. It has been found for

all glasses a strong temperature dependence for susceptibility (Figure 3). For

Ba12-ZnF 2-UF4 glassesthe X versusT variation indicates that U4+ are not six-

but rather eight coordinated (2). Surprisedly , studies of the diamagnetic dilu-

tion of BaF2-ZnF 2-UF4 glasses (I-x) [BaF2 + ZnF21- x UF4 or BaF, - 2ZnF2 -(2-x)

ThF4-iXUF4) shows that both asymptotic Curie temperature and effective magnetic

number are independent of U 4+ comosition : j6pf a OOK, nU 4 . The inva-
4+ OB"

riability of [epl with U content has not yet been observed in dilution of crys-



I
talline compounds (3) and is interpreted as coming from UF8 polyedra clusters for-

mation in the glass. For 3d paramagnetic elements containing glasses (Mt - Mn2+

Fe 3 +) the general trend of curves -iX - f(T) is identical but jepi values are

rather different(30K 4 l 4 8OK). Magnetization measurements on Mn
2+ or Fe3+

glasses (down to 2K, applied field up-to 18 Koe) indicate magnetic ordering at

low temperature but no remanent magnetization have been observed (IRM or TRM)

at 2K. A.C. susceptibility on BaF2-FeF3 -UF4 shows near 1.4K a tendancy to roun-

dedcusp characteristic of spin glass behavior (4, 5). Interpretation of magne-

tic behavior is more much difficult than in crystalline compounds but first, a
comparison of jep! values can be made (assuming that Jepl is representative of

mean strenghts of the magnetic interactions between nearest neighbours).From this

point of view, it may be concluded that antiferromagnetic interactions via a

superexchange mechanism predominate in these glasses and antiferromagnetic inter-

actions can be sorted out as U 4-U 4 + . Fe - Fe3+ > Mn - Mn 2. On the contrary

M -U interactions are ferromagnetic. The constancy of jepf value for different
M3+ ions, compared with dependence for M 2 ions is consistent with more numerous

M2+-U4 + than M 3+-U 4+ interactions.

From the optical and magnetic g lies these ?lasses can be seen as

clusters of UP8 polyedra connected by 3d elements octahedra with a reticulation

rate clusters -3d octahedra greater for divalent ions than for trivalent ions.
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SURFACE STUDIES OF FLUOROZIRCONATE GLASSES

by

C. A. Houser and C. G. Pantano

Department of Materials Science and Engineering

The Pennsylvania State University

University Park, PA 16802

The effects of water on the surface of ZBLA fluorozirconate glass were

studied using secondary ion mass spectrometry (SIMS) and scanning electron

microscopy (SEM). Infrared spectroscopy was also used to determine the effect

of the surface layers formed on the infrared transmission. Sample surfaces

were prepared by several methods in order to observe the effect of surface

finish on the glass durability. Samples were then exposed to a variety of

aqueous solutions and to humidity.

High quality ZBLA glass was obtained from La Verre Fluore, Rennes, France.

Three types of surfaces were prepared for study: fracture surfaces and ground

surfaces with a final polish done with 1 m diamond paste or a cerium oxide

and water slurry.

Samples were exposed to water for times from 5 to 60 minutes in 300C
-3

deionized water with a surface area to volume ratio of approximately 10

Samples were also prepared at 60 and 400 C in deionized water and at 300C in

pH 2 HF solution, in pH 10 NH4OH solution, and at 95% relative humidity.
4

The SIMS in-depth concentration profiles for a surface polished with

diamond paste and hydrated 20 minutes in 300C deionized water are shown in

Fig. i. The results indicate a build up of hydrogen, oxygen, and carbon in

the surface layer. There is also a slight silicon peak, probably due to

silicon release from the solution container. The zirconium, barium, fluorine,

aluminum, and sodium profiles show a slight surface build up followed by a

depleted region. At longer exposure times, the depth profiles, particularly

that of carbon, show additional structure, possibly indicating the formation

of several layers.

1



Profiles for surfaces polished with cerium oxide were similar to those

for the diamond paste polished samples except that the cerium oxide samples

appeared to hydrate at a lower rate. Film formation on the cerium oxide

samples tended to be less uniform.

The depth of the oxygen-enriched layer increased with solution temperature

as well as with exposure time. Figures 2a to 2c show the oxygen, hydrogen,

and carbon depth profiles for diamond paste polished samples exposed 20 minutes

to 30, 40, and 60C deionized water. The samples were rotated at a rate of

20 revolutions per minute to minimize the formation of surface precipitates;

however, rotating the samples was also found to increase the thickness of the

hydrated layer. Figures 3a and 3b show the infrared transmittance spectra

for the samples discussed in Fig. 2. Also shown is the spectrum for a

sample polished in cerium oxide and exposed 20 minutes to 30%G deionized

water.

The effects of solution pH were also investigated. Samples exposed to

pH 2 HF solution showed the formation of a thick surface film over the

hydrated surface, as can be seen in Fig. 4a. At ph 10, Fig. 4b, a similar

sample showed almost no uptake of carbon, hydrogen, or oxygen. The sodium

signal showed a slight depletion and the barium signal was reduced from the

level of the unhydrated signal.

Samples placed in 95% relative humidity showed almost no hydration with

narrow surface peaks of sodium and carbon.

Ii
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PREPARATION AND PROPERTIES OF TRANSITION METAL

FLUORIDE GLASSES

C. JACOBONI

Laboratoire des Fluorures et Oxyfluorures Ioniques - ERA 609
Faculti des Sciences - Route de Laval - 72017 LE MANS C~dex

Since 1978 (1, 2, 3), numerous glassy systems have been found in

Le Mans involving 3d transition metals fluorides as glass progenitorsM'F '1  PbF - M1

MTF - I2 III and PbF - Mt2 - MIIF

with M Li, Na, K, Rb ; M -Ca, Sr, Cd, Ba, Pb
II III

M t Mn, Fe, Co, Ni, Cu, Zn and Mt  V, Cr, Fe, Ga, n.Mt =t

Figure I shows glassy ternary diagrams, it must be noted that some of them ex-

tends towards binary systems.

Starting fluorides are, for the most part of them, prepared at the

Laboratory from EF gas on dehydrated chlorides or by thermal decomposition of

(NH4)3M
1 I 6 or dehydration under HF gas of hydrated fluorides. Complete works

(weighting, mixing, melting and casting) are performed in dry-boxes in line

(<10 ppm H20) to prevent hydrolysis by atmospheric water which leads to oxydes

formation at higher temperatures. The mixture of the starting fluorides in a

covered platinium crucible is heated between 600-900C and cast on a preheated

(200-2500C) bronze mould. The mould temperature is kept for 30 mn then cooled

to room temperature. Table I gathers some compositions with their main physical
3

characteristics. The standart size of the samples is 8 x 8 x (20-100) mm . These

glasses can be kept up to 200*C in air without damage but their resistance in

aqueous solutions (especially acidic medium) is bad. Thermal expansion is about

a - 15 10 and the hardness is 200 < H 1 0 < 300. The glasses can be polished

on dry or oiled abrasives surfaces and cleaned by trichlorethyl~ne or chloroform.

Figure 2 shows that the transparency is excellent for PMF and PMG

glasses till 7.5 um. So, these glasses, especially PMG glasses, are potential

candidats for 2 - 6 pm range. Devitrification studies have been performed and

fiber realization will take place in Autumn 1983.

Another optical property concern Rare Earth luminescence extensively

studied by R. REISFELD and C. K. JORGENSEN (4,5, Session VIII-3).

One of the fundamental scope provided by these glasses concern magnetic

behavior. Magnetic studies for high content 3d transition metals fluorides glasses

corroborate, as expected the predominance of superexchange antiferromagnetic inter-

actions (figure 3). In the case of Mn2+ - Fe3+ (d5 - d5) glasses, the frustration,

induced by topological disorder leads to "spin glass" behavior (figure 4). Taking

advantage of this last property extensive neutron diffraction experiments haveW- -



been made on fluoride glasses "PbMnFeF7" and "Pb2MnFeF9 " to provide informations

about the magnetic short range order of pairs M-M (M - Mn - Fe 3 +) (6). The

magnetic correlation function shows in both glasses prevailing strong antiferro-0

magnetic first neighbour interaction at 3.6 A and two ferromagnetic interactions
0

at 5.4 and 6.7 A (Figure 5). Furthermore, the local environment of transition

metal (Mt) and lead has been studied by E.X.A.F.S. (7) for some fluoride glasses
ri 2+ 2+ 11 3, 3+in the system PbF _M n , Zn and M F , Ga ). Accor-

2 2 3(t .2+ t 2 + 3+ 3+
ding to previous visible absorption results on Ni , Co , V or Cr based

glasses (2), transition metals are sixfold coordinated and Mt-F distances are

very close to those known in crystallized compounds. Lead has eight to nine fluo-

rine neighbours forming a very distorted polyhedra (Table II - Figure 6). Radial

distributions, show a very weak second peak probably due to heavy atoms like Pb

or Mt (F contribution is too weak for the second shell) but the precise nature

of the second neighbours and the distances cannot be determined without ambiguity.

As shown in figure I the glassy domain expands on binary PbF 2-FeF3

system and both vitreous and crystalline forms exist for 0.625 PbF 2 - 0.375 FeF3
(Pb5Fe3F1 9). Single crystals have been prepared and structural determination

have been-axried out on X Ray automatic diffractometer data. The structure is

built up with two kinds of chains - a trans (FeF.). chains and S mixed (PbFe2F14)

chains, both chains are elongated on c (Figure 7-8). This structure is closely

related to BaFeF5 one which consists of an arrangement of a and y chains. B and y

chains are related by the substitution : (PbFe2F1 4) 6- + FeF3 - (Fe3F1 5) 6- + PbF 2.
8 y

A crystallochemical analogy exists between the crystallized compounds PbF 2 8,

Pb5Fe3F1 9 and "PbMnFeF 7" and "PbjMnFeF9 " glasses in- term of relatively close-

packing which must leads to a similar coordination of 9 for Pb 2+ and F- toward

large ions (as seen by EXAFS). So it seems that the stability of numerous fluoride

glasses comes from the existence of a mixed packing of F ions and large ions

the structural disorder is a result of the random character of the packing and of

the wide diversity of the sites for the small cations. The structural unity of

the PbF 2-MnF2-FeF 3 glasses is then consistent with a [(MnFe)Fs] chains and inter-

mediate (0-y) chains connected together.

This work have been performed by the "glass group" of LE MANS

(C. JACOBONI, A. LEBAIL, G. COURBION, J. GUERY, N. AURIAULT, A.M. MERCIER and

R. DE PAPE) with financial-support of DRET.
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TABLE II

EXAFS First neighbour parameters f or glasses and crystallized
compounds (under parenthesis the known X-ray values)

Glass Edge R1 (A) a(AI N I I

Mn 2.099 0.058 5.72

'tPbMnFeF7
1' Fe 1.924 0.047 5.93

Pb 2.63 0.104 8.1

Mn 2.108 0.058 5.35

"Pb 2 MnkeFqI' Fe 1.930 0.063 5.51

Pb 2.65 0.107 8.3

Mnin~F6 f (2.126) (6.0)
e-i~~e 6  Fe (1.935) (6.0)

Pb 5Fe 3F19 Pb (2.7]) (8.7)
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CALPHAD CALCULATION OF THE EFFECT OF AlF 3 ADDITIONS 17
ON THE GLASS COMPOSITIONS OF TERNARY

ZrF4 - LaF 3 - BaF2 FL1JOR1DES*

by

Larry Kaufman and Dunbar Birnie

ilanLabs, Inc. 21 Erie St. Cambridge, Mass. 02139 USA

The recent discovery of a new family of non-oxide glasses based on
mixtures of ZrF or HfF 4 with other metallic fluorides by M. Poulain and
coworkers offers great potential in optical fiber, windows and source/detector
application. Due to the limited phase diagram data available for the binary,
turnary and multicomponent fluoride systems currently employed to synthesize
these glasses most of the progress in identifying new compositions has pro-
ceeded along empirical lines. In order to remedy this situation, the CALPHAD
method (1-3) for coupling phase diagram and thermochemical data has been
applied to develop a data base covering metallic flourides. The objective is
to permit computation of multicomponent phase diagrams which can be used to
identify the composition range where the liquid is most stable. The latter
offers opportunities for glass formation as demonstrated by predictions of
new metallic glasses. Currently the data base covers combinations of 0.2
ZrF 4(ZF), 0.25 LaF (LF), 0.333 BaF 2 (BF), 0.333 PbF 2 (PF), 0.5 NaF (NF), 0.5
RbF (RF), 0.5 CsF ( F) and 0.5 KF (Kk) which have been developed along the
lines described earlier for III-VI, II-VI and SIALON systems (2-3). Figure I
shows the calculation of isothermal sections in the LF-ZF-BF system which
illustrates the range of composition in which the liquid has the greatest
stability. These compositions agree well with those in which Poulain and co-
workers have discovered glass formation (4,S). These calculation were pre-
sented at the symposum held in 1982 at Churchill College (6) and were recently
published. The current data base has been extended to cover AlF 3 (AF=0.25AlF3 )
by employing expermental data provided by Thoma (8) to evaluate AFAFLT=13389-
8.368T J/g. at and LAFZF=25104 J/g. at=LZFAF, LAFBF=4184 J/g. at=LBFAF
and LAFLF=20920 J/g. at=LLFAF. Utilization of these parameters along with those
found previously permits calculation of the range of maximum stability of the
liquid phase for ternary LF-ZF-BF glasses with additions of 4, 9 and 15 atom
percent of AF. The results are displayed in Figure 2 as a function of temper-
ature. Figure 2 also compares the calculated results for the glasses with 0
and 4 atom percent AF with the experimental finding of glass formation
published by Lecoq and Poulain.
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OPTICAL PROPERTIES OF FLUOROPHOSPHATE GLASSES

Binod Kumar and R. Harris

University of Dayton, Dayton, Ohio 45469

A study of the optical properties of fluorophosphate glasses

was conducted. Glasses for this study were synthesized using

analytical grade raw materials which were melted in a platinum

crucible at 950'C and then refined at 850°C. Two different types

of furnaces were used: (i) A normal atmosphere furnace where no

attempt was made to control the melting environment and henceforth

referred to as the normal atmosphere melting. (ii) A controlled

atmosphere furnace where an Argon atmosphere was maintained during

the melting and fining and henceforth referred to as the Argon

atmosphere melting. Cast specimens ranging in thickness of 10-15mm

were further annealed at 450°C for several hours before optical

characterization. The glass compositions which consisted of AlF3 ,

RF2 (R = alkaline earth), and P2 05 are presented in Table 1. Optical

characterization included spectral transmission, temperature coef-

ficient of refractive index and the absorption coefficient at

1.30 .m.

A typical transmission spectra from a specimen 8mm thick and

melted under the normal atmosphere is shown in Figure 1. The

spectra exhibit U.V. absorption edge, water absorption band and

the first overtone of P-O stretching vibration located around

0.3 pm, 3 pm, and 4.80 vim, respectively. The intensity of the

3.0 pm absorption band was used to determine water concentration.
For the glasses melted in the normal atmosphere, location of the

U.V. absorption edge was related to the water concentration as

shown in Figure 2. Also, the absorption coefficient ( ef f ) at

1.30 pm was related to the water concentration.

The Argon atmosphere melted glasses exhibit greatly enhanced

U.V. transmission as shown in Figure 3. It is believed

that the Argon atmosphere melting significantly reduces

1



melt contamination thereby improving the U.V. transparency. All

glasses exhibited similar characteristics. The Argon atmosphere

melting, in general, reduced the water concentration in glasses

but produced an insignificant effect on the visible and I.R.

transmission characteristics.

Refractive indices of these glasses are in the range of

1.4421 to 1.4568. All of these glasses have negative temperature
-5

coefficient of refractive index and ranges from -0.685 x 10

-5to -1.086 x 10 /°C over room temperature to 90C.

TABLE 1

Fluorophosphate Glass Compositions (wt%)

FPI FPII FPIV FPV

CaF 2  40 20 20 20

SrF2  20 20 0 40

BaF2  0 20 40 0

AlF 3  30 30 30 30

P203 10 10 10 10
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NUCLEAR REACTION ANALYSIS AND RUTHERFORD BACKSCATTERING
SPECTROMETRY STUDIES OF THE REACTION BETWEEN FLUORIDE GLASSES AND
WATER +

W.A. Lanford and C. Burman
Department of Physics, SUNY/Albany

Albany, New York 12222

R.H. Doremus
Materials Engineering Department
Rensselaer Polytechnic Institute

Troy, New York 12181

Nuclear reaction analysis (NRA) and Rutherford Backscattering

Spectrometry (RBS) have been used to determine the elemental

concentration profiles near the surfaces of ZBL (62-33-5) glasses

exposed to liquid water and to water vapor. The goal of this

study is to quantitatively characterize the durability of this

glass under various conditions and to attempt to determine the

fundamental mechanisms governing these surface reactions.

Techniques such as NRA and RBS which are based on the study

of changes in surface composition are in some cases complementary

to and in many cases of more general utility than the more

conventional methods of testing glass durability based on analysis

of the solution attacking the glass. For example, in the present

case, analysis of surface composition and of what goes into

solution give complementary views of the reaction of this ZBL

glass with liquid water, and either method might give sufficient

information to answer a particular question. However, the method

based on analysis of the solution can only be applied for

relatively simple attacking solutions. Futhermore, it cannot be



applied at all in the technologically important case of the

reaction between glass and water vapor. Unlike most silicate

glasses, the reaction between this ZBL glass and water is very

different depending on whether the water is liquid or vapor.

In this paper, the principles of NRA for measuring hydrogen

concentration profiles and RBS for measuring heavy element

profiles will be discussed and illustrated by applications to this

ZBL glass and to other glasses.

These results along with ancillary x-ray fluorescence, x-ray

diffraction and microscopic studies will be discussed in light of

our present understanding of the reaction mechanisms. One clear

observation is the important role of liquid water in

preferentially removing and redepositing particular components of

this glass, resulting in the "whitish" coating commonly observed

by workers in this field.

One observation which may have technological importance that

needs further study is that surfaces of glasses with the same bulk

composition have different reaction rates apparently because of

different (and unintentional) surface preparations. Such a

surface modification may provide a practical means of increasing

the effective durability of this glass while preserving its

important optical characteristics.

+Research supported by grants from the Office of Naval Research

(SUNY/Albany) and the National Science Foundation (R.P.I.)
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SCATTERING LOSS CONTRIBUTIONS IN FLUORIDE GLASS FIBERS

K. H. Levin*, D. C. Tran and G. H. Sigel, Jr.
Naval Research Laboratory
Washington, DC 20375

A major obstacle to achieving the theoretically predicted low loss of

fluoride glass fibers has been the high scattering loss. We have studied the

various sources of scattering in the fibers, and determined the optimum draw

conditions for fibers prepared from the ZrF4-BaF2-LaF3-AlF3-LiF and

ZrF4-BaF 2-LaF 3-AIF 3-LiF-PbF 2 glass systems. One major source of scattering is

the growth of microcrystallites due to improper temperature control during

fiber drawing. The scattering loss has been measured for a number of fibers

having different draw parameters. Slight variations in the optimum drawing

temperature have resulted in scattering losses ranging from a few hundred to

thousands of dB/km. Other sources of scattering loss include undissolved

materials, diameter fluctuations, water impurity, and poor quality starting

preforms.

We have used optical microscopy to identify some of the scattering

centers in the fibers. The fiber with the lowest loss showed only a few

defects each less than 1 micron in diameter. The high loss fibers, on the

other hand, showed many defects from 10-20 microns in diameter. These defects

were mainly undissolved microcrystallites.

The spectral dependence of the scattering loss was measured for both the

high loss and low loss fibers. The scattering losses for the high loss fibers

were either wavelength independent or else varied only slightly with

wavelength, due to the large size of the scattering centers. The low loss

*Sachs/Freeman Associates, Inc.

Bowie, MD 20115



fiber exhibited a scattering loss which varied as A-4 , typical of Rayleigh

scattering. The extrapolated Rayleigh scattering loss for this fiber was

.01 dB/km at 4 microns. However, this fiber also showed a wavelength

independent offset loss of 5 dB/km. In order to determine the origin of this

offset, the scattering loss was measured as a function of mode number. The

higher order modes, which propagate mainly along the core-clad interface,

showed a much higher scattering loss than the low order modes, which propagate

along the center of the fiber core. In addition, when the launch N.A. was

increased from .1 to .2, the Rayleigh scattering component remained the same,

but the offset increased from 5 to 30 dB/km. These results indicate that the

offset is due to defects in the core-clad interface, which are probably from

scratches on the mechanically polished preform. The scattering from the fiber

core is Rayleigh and of a low value due to the small size of the defects

observed.

In summary, the sources of scattering loss were investigated in a variety

of fluoride glass fibers, with comparisons made between high and low loss

fibers. The results indicate a substantial surface scattering contribution

for the lowest loss fluoropolymer clad fiber. We believe that with improved

surface preparation, the scattering losses in fluoride glass fibers can be

reduced to intrinsic levels with the use of proper glass processing and fiber

drawing conditions.
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EFFECT OF ALKALI FLUORIDE ADDITIONS ON OPTICAL PROPERTIES
OF BaF 2 /ThF2 GLASSES

S. R. Loehr, A. J. Bruce, K.-H. Chung, N. L. Perazzo and C. T. Moynihan
Rensselaer Polytechnic Institute, Troy, New York 12181

USA

and

M. G. Drexhage, RADC, Hanscom AFB, MA 01731

USA

Starting with four compositions of BaF2-ZnF 2-YbF3-ThF4 glass, alkali

fluorides (LiF, NaF and KF) were substituted, sepa ately and in mixtures up

to 15% mol% at the expense of BaF2. Fluoride starting materials from

Cerac/Pure and Fisher were mixed with an excess of ammonium bifluoride to

reduce oxide and hydroxyl impurities. The glasses were prepared in vitreous

carbon crucilbles and taken to approximately 1250K to insure complete melting.

Reactive atmosphere processing (RAP) of 3.5% C12 /N2 was used during the latter

stages of fusion to further reduce hydroxyl and oxide impurities. The glasses

were quenched between copper plates and annealed near their glass transition

temperatures. Glass samples from a fraction of a millimeter to several milli-

meters thick were obtained; the thickness was dependent upon the glass forming

ability of the particular composition.

Samples were polished using silicon carbide paper (180 to 600 grit) and L

lapping oil to obtain smooth, parallel faces for infrared spectroscopy. A

final polish was made with 5 micron alumina powder in water or ethylene glycol.

The samples were ultrasonically cleaned in methanol and hexane to minimize

surface contaiminants. Spectra were obtained on a Perkin Elmer 983 infrared

spectrophotometer (Figure 1) and absorption coefficients a were calculated

by using Beer's Law.

A semi-logarithmic plot of cA vs. for 19 BaF2-27 ZnF 2-27 YbF 3-27 ThF 4

base glass, as well as plots for those substituted with varying types and amounts

of alkali fluorides are shown in Figure 2. The addition of LiF shifts the



multiphonon edge to higher frequencies, while the addition of NaF or KF has

little effect on the absorption edge. This is consistent with the previously

published, semi-empirical rules of Moynihan et al. for multicomponent ZrF 4-

and HfF 4-containing glasses which states that monovalent cation fluorides no

lighter than NaF contribute negligibly to the IR edge absorption.

Glass transition and crystallization temperatures, T and T (cf. Fig. 3),
g x

were measured on a Perkin Elmer DSC-4 differential scanning calorimeter at a

1OK/min heating rate. These values are listed in Table 1 for a typical base

glass and its alkali fluoride substituted variants. The difference, Tx-Tg ,

is a rough measure of the glass forming ability, i.e., of resistance to

devitrification. The (T x-T ) values in Table 1 indicate that replacement

of 5 mol% BaF 2 by 5 mol% NaF or NaF/LiF slightly improves the glass forming

ability of the base glass, while 5 mol% KF reduces it markedly. Figures 4A

and 4B show plots of (Tx-T ) vs. alkali fluoride content for the four base

compositions studied here as well as for the corresponding alkali fluoride

substituted compositions. The 19 BaF 2-27 ZnF 2-27 YbF 3-27 ThF4 and 15 BaF2 -

28.33 ZnF 2-28.33 YbF 3-28.33 ThF 4 compositions appear to be the most stable

glasses on the basis of the (T x-T ) values. On the other hand, the 25 BaF 2 -

25 ZnF2-25 YbF 3-25 ThF4 glass is a poor glass former and improvements in glass

forming ability result from addition of any alkali fluoride.

In general the addition of NaF or LiF gives slight improvements in the

glass forming ability, while the addition of KF increases the tendency of the

glass to devitrify.

Overall, NaF containing glasses appear to be the best choice for alkali

substituted BaF2-ZnF2-YbF 3-ThF4 glasses. NaF contributes negligibly to

the multiphonon absorption edge and somewhat enhances glass forming ability.

Acknowledgement:

Research supported by Rome Air Development Center under Contract No.

F19628-83-C-0016.



A [,m>
003 5 7 9 11

80

T (1-RI2 exp(-c~x)

F-60 T 1 1- R2 exp(-2ctx)

01

4000 3000 2000 1600 1200 800

4- [CalV]

Figure 1 IR spectrum of 2OBaF 2-25ZnF2 -2SYbF 3-
25ThF 4- 5NaF glass



1 9

50 (19- x)BaF2 -27ZnF 2 - 27YbF3

-27 ThF4 -x MF

~5KF

10 oC oSNaF
C-). C3 0 2.5 NaF+2.5 Li F

05~

020

800 1000 tC1200 1400

Figure 2 Absorption coefficient vs.frequency for
alkali substitution in l9BaF 2-27ZnF 2-
27YbF 3-27ThF4 glass



T(K)
600 650 700 750

z
w

0

w

10 BaF 2- 28.33ZnF2 -

28.33YbF3- 28.33Th 4 - MF

300 340 380 420 460 500TO
Figure 3 DSC traces for KF and NaF substitutions in l5BaF 2-K.3n2-2833b 3-28.33ThF4 glass, 10K/min scan rate



Sample # Composition (mol%) T T T -T (K)

BF2ZnF 2YbF 3ThF 4 MF

6-4-83 19 27 27 27 622 719 97

24-3-82 14 27 27 27 5 LiF 601 699 98

1-4-82 14 27 27 27 2.5 LiF 602 708 106
2.5 NaF

4-3-82 14 27 27 27 5 NaF 613 717 104

1-6-83 14 27 27 27 5 KF 631 682 51

29-4-83 14 27 27 27 5 FLiNaK* 607 700 93

9-3-82 9 27 27 27 10 NaF 603 694 91

*46.5 LiF-11.5 NaF-42 KF

Table 1 Tg9 T xv and T X-T 9for alkali fluoride substitution in

l9BaF 2-27ZnF 2 -27YbF 3-27ThF 4 glass
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CHARACTERIZATION OF CRYSTALS IN
FLUOROZIRCONATE GLASSES

G. Lu, C. F. Fisher, M. J. Burk and D. C. Tran
Naval Research Laboratory
Washington, D.C. 20375

Extrinsic scattering due to the formation of crystallites

is one of the factors which has prevented the theoretically pre-

dicted minimum loss from being attained in fluoride optical fibers.

It is important to characterize these crystallites so that the

processing parameters can be modified to avoid devitrification. For

optical fiber research, it is more important to identify the first

crystals which appear in the glass, rather than to simply charac-

terize the final crystallization products in a mostly or totally

crystallized sample. Even extemely low levels of crystallization

such as Vc < 10-l, where Vc is the volume fraction crystallized,

cannot be tolerated in ultra-low loss optical fibers.

In this study, the degree of crystallization of the ZrF 4-BaF-

LiF-AlF3 -LaF 3 glass composition ranged from Vcl0
6 to less than

1010. The crystallites were analyzed by optical microscopy, micro

X-ray diffraction, and SEM. Optical microscopy with transmitted

polarized light was found to be the most useful technique for rapid

characterization of the degree of crystallization and identification

of the crystal habit. The electron image mode from the SEM was not

found to be useful for such a low degree of crystallization. With-

out careful preparation, there was virtually no chance that a

crystal could be found on the surface of the sample.

Ii , .'1'- . . . .. |



The analysis of fluorescent X-rays from the SEM was also found to be

of limited value since lithium could not be detected, the lanthanum

peaks were usually masked by the barium peaks, and the aluminum peak

was partially masked by the large zirconium peak. Micro X-ray dif-

fraction was found to be the most useful technique for identifying

the crystalline phase. Particles as small as a few microns could be

analyzed in a specially prepared X-ray diffractometer.

Many different crystallization products were observed to form

from the same glass composition, depending on the processing condi-

tions. Several of the common ones were analyzed in more detail.

The cubic particle in Figure 1 was identified by micro X-ray

diffraction as AlF 3 , while the hexagonal platelet in Figure 2 was

identified as LaF 3. The results are also consistent with SEM/EDAX

analyses on isolated crystals and with birefringences reported in

the literature.

Although many different crystals were observed over the course

of the investigation, there were usually only one or two morpho-

logies present in a given sample. These well-formed crystals grew

during quenching and were not undissolved batch. Such monitoring of

the crystallization products can show whether the high-temperature

melting process has been sufficient to dissolve all crystals and

whether the quenching rate is sufficiently high to prevent signifi-

cant recrystallization.

The scattering coefficient of these crystals was calculated for

a wavelength of 4 microns. It was assumed that the crystals were

t

. -L. K



spherical in shape. For relative refractive indices of m = 0.9 or

m = 1.1, it was found that the scattering coefficient increased as

r2 (where r is the radius) over the range of particle sizes r = 0.5

microns to r = 5 microns. For small particles, the scattering coef-

ficient was relatively independent of refractive index. For larger

particles, the scattering coefficient increased dramatically when

m < 0.9 or m > 1.1.

This study has found optical microscopy to be the most powerful

tool in characterizing the state of crystallization of a glass suit-

able for optical fibers. With this knowledge of the crystallite

size, number and morphology, the processing conditions can be modi-

fied to minimize crystallization.

!~



Figure 1 Cubic crystal identified as AlF 3

Figure 2 Hexagonal platelet identified as LaF 3
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4

)" ii:n C'.' -  TWY-1 !' P C. ] AND UTIE ADD]jTION OF DOPINC

FL' JO.IDES

J. Luca-', 1). 'm'reeoati, A. Eli. Ilouari, C. Fontcnear u

Il)oraLoire de Chiric ,inE.ralu, Universit- de Pennes,

Campus de Beaulieu, Avenue du GCni.ral Leclerc, 35042 Ronnes Cdx

(Prance)

Ilydroxyl groups and oxide impurities in heavy metal ,'

'13)F /BEIP 9  fluoride olasses exhibit absorrtion bands in the id

I.R. rc-ion neal 2.9 v m (OH) and in the 8-9 jim region (M-O bone,

Reactive atrmcspherc processinq (R.A.P.), which has been proved

by RObINSON to Le efficient for fluorozirconate classes, has

,een extended to purify ThF4 -3a" 2 glasses. These materials, whic*.

have a lare optical window 0,2 - 8 i.m, show a qreat tendency

to devitrification so that fast quenchin is reeuired. The trans-

foration o!" oxide in sulfide has been successful]" obtinu in

using caiuorn disu fide CS 2 as nas phase reactant. The study of t+.-

reaction on diffecrent san'ples, with the orjtimized composition

Ba 2l'h Vii Z " is described in the present study.15 s~ 28,3 28,3 .... 28,3

Glass mits, contained in a vitreous carbon crucible

have been submitted, in a closed silica apparatus, to CS2 aUos-

phero by bubb inq N2 gas in liquid CS 2. Fast quenching is obtainc:-

i S diviri the silica container in liquid air anc] usin a Iaj-ge

flow of helium previously cooled. HomoqTen vitreous samples arc
thus obtained as discs of 4 cm diameter and 2-8 Pm. thick. "he ('.!I

bands are comrpletly removed and the I.R. edge is shifted to hiuln-

wavelengths.

Total oxyren conLnt has been measured by tritium

activation method. Be.fore , Af, for a.sample prepared in an opeen

air crucible, usi nr the oxide--amcci.i.tzrn fluoride preparation

technic, the 0 content is 1000 ,,m. After a 20 minutes RAP tr-ia-

ment, it decreases to 200 r-m.I /



To improve tlil yvnthes-is andl han"idlin'j of T*AhPi4 q~h

soi'e do'incl effeocts navc been, invcsticated. A2 thourih benclIfici~ii

for qiass formation, the addit-ion of aluminium ha)s a dcloe'erious

effect on the I .1. transpari-ncy ranq- by thc formnationr,- f

strorio Al-P bond. lz,.placem;ent of Al 31- by isoelectronic but heav-m: i

in' has a qceod effect on the preparation condition without iidi-

iyin. the I.P. edgo. The addinqj of indium decreases tl-e T.,,

increnf5cs sliqhtly cristallisations T cand specially decreas'-s t:-

i~icltinq temrperature. Thus yttrium contain~ing classes whicli art,

mo re CA ifficult to elaborate than ytterbium materials can be s.

bijized and samrples of several cen~timeters in diameter anda 5-6 r

thick havc been prepared.
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4 MP2BASFD GI7SIi3 ,L~npl, DVROMNTS

J . L~ucas , Y . Lp 3 ?a', , C. Foerir.et

Laboratoire de Chinie Vin~rale D, Associ6 au C .N .R.S. no 2A4

Uni vors-fit.( d,2 c~ns-FPeauli'u, Avenu.: Iu. G'~r&r:al L,-clezc

3504? RTNNi.5, CEDFX (Fran~co)

Glass formation is observe(' i n the ternary y*e

ThP 4- MnF 2-'lbT73 Becauso of thec hirjh rate of crystallizai-on. cf

thuic cla Pvateriaels, only smali sarples can j,) mr(oru

rapid -!-zenching. App;rentI-y, they contain on>y neLwork foril-ecs

and no network modi fier alepent. in order to suii.et-hu iT<,n-

fl,:11esO (11) -thor ium bas;ed cflas oes , tho cjuaitern,'- SYFstt II0~

'.I. 1!, 2Mi-- VIA-, has been irvsiote n Ihe bai c torna--Y SN,--

t'.ir' ThMnYb, the composi tion (mocle %) 40 '. Thr *-30 10~ n F 2- 3U," , ,

(13TX~Y L- 1) cxhi bits tho lovest crystal! isation nn tc. A D.S. C. ana-

l ysi s (heating rate : 5'~ C/or) gives the fo c:v~typicaLn

peratures :T 9=34 :) C, Tc 3960 C and T'P 670 C.

Syst-niatic studies have benn ca t-ried ou-i- by adaiin ,

barium f-Inuoric2u? £0 the previous ternary system-,. In ord~er to raii:

nalize thc research of the classes havin.-I the Lc-,.:st tentacncy

to devit-rily, the selected coinpositions (40 2. 114- 30 MnF 2 ,

10 "1YIbF 3 lx ( 13al-, 2 have bee n analyzed by D.S.C. The larcst

diffcrenoI.T Ta ndJ. T is obtained ,;hicn 10 to 12.1;

B a F ir-. ured. For the composition 12.5 %. Bal' 2 - 35 . ThF'4 - 26 .2 S
MnF 2-2G.25 A YbF 3 (BTMYb-4) , T. 358c C, Tc 4410 C and T f

6 3 7O C, so that sanrpIes cof 8 run thick zre available.

D~ata concerninri thurmal uxpansion, refractive index

,arc- rniven. The study of th.e- chemical durability of the J3;MYXi)

qlasses in a fluorir.-, at-mosphcrQ, indicates a partial oxidition

of Mn(lI) ini vicict Mn(IIT) . Optical s'pectra (U.V., vjisile, neazz

T.R.) shcw thce typilcal absorption bainds dule to Mn" + and Yb i.i)s

J -A /



Th~e T.R. edge for a 4 min thick sanjies in tYj.

7-8 jim romion. Absorption coefficients in the 7-10 JITn reclaon -r,

reported. Extrinsic absorption losses are OftEn due to hydrox';,

qroups (2.9 pim) and sometimes rie taI - oxygen vihraticis shi ft thu2

l.R. Edqe to shorter wavelenoths. Usino a reactive atmosphere

processing, the 01! band can be completely removed. in these
hecavy notals fluoride qiasses, the substitution of YbP> by L~uF-,
oir YF 3c-Ives a continuous optical window. Ujnfortunately YVP3 ony

permit's thin samiples (1 mm) to be synthesized.



Vitrco&us domnain ina the ternary sys~tem

TIT "Zni - YbF
4 2 3

T h F4

0 0

MnF Y bF3

o Glass

o Glass + Crystals

+ Crystals
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RECENT PROGRESS IN HALIDE GLASS RESEARCH

AT THE UNIVERSITY OF RENNES

Jacques LUCAS, University of Rennes (France)

The main activity of the group is devoted to the

research of new alass forming compositions, improvement of the

quality of ZrF4 -based or ThF4 -based fluoride qlasses. Most of

the significant results will be presented in others papers

and will be here only briefly summarized. They concern for

example :

1) the study of new ThF 4 -based glasses

2) the effect of InF 3 addition on properties of ThP 4 olasses

3) the oxygen ourification of those glasses by a CS2 R.A.P.

treatment in relation with the I.R. transmission in the

7-8,p r6qion

4) the doping of fluoride glasses by uranyl ions UO2 + for lumi-
2

nescent solar concentrators

5) the synthesis and characterization of new cadmium halide

glasses.

Therefore most of the attention in this presentation

will be focussed on the proposition of a structural model for the

simple fluorozirconate glasses isolated in the binary system

ZrF 4-BaF 2. X-Ray scattering studies of those glasses and more

specifically on the composition 2 ZrF4 - 1 BaF2 will be presented.

Radial electron distribution has been obtained and

gives important and significant informations on the anion-cation
0

vectors in the 2-3 A r6gion. For instance, the Zr-F distance is

centered at 2,1 A, the coordination number of F around Zr4+ is
07,5, two Ba-F vectors at 2,66 and 3,19 A respectively indicate

that Ba2+ has two kinds of neiqhbors bridging and non-bridging.



0

In the cation-cation region, a small peak at 3,6 A could be

attributed to a short Zr-Zr distances throuh a F-F bridge as

very recently mentioned in the a high temperature form of a ZrF 40

The stronq peak at 4.06 A is attributed to the major Zr-Zr vec-

tors indicating that the Zr-F-Zr angle is not flat but closed

to 150c.

All those experimental results will be compared with

the data of the four crystalline materials used as reference

a and 6 BaZrF6 and a and 8 ZrF4. In view of the atomic distances,

anales, coordination number, a structural model for fluorozirco-

nate alasses will be presented. A model extended to the most

complicated ternary glass ZrF 4-BaF 2 -LaF 3 will be discussed in

view of spectroscopical results using the rare earth ions as

local probe.
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Halide Glasses Based on Chlorides,

Bromides and Iodides*

by J.D. Mackenzie

Department of Materials Science and Engineering

University of California, Los Angeles

Extended Abstract

for

Second International Symposium on Halide Glasses

August 2-5, 1983

Rensselaer Polytechnic Institute

Troy, New York

0 This work is being supported by the Directorate of Chemical and Atmospheric
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There is relatively little information on glasses based on chlorides,

bromides, iodides and their mixtures. On the other hand, fluoride glasses

have been widely studied in the past few years because of their potential

practical importance and their interesting scientific features. This paper is

a review of what is currently known about the chloride, bromide and iodide

glasses and an evaluation of their potential.

Most of the known halide glasses containing no fluorine are shown in

Table 1. Glasses based on ThCl 4-NaCI-KCI are transparent to 20p. The AgI-

AgBr-based glasses are photochromic. It is thus natural to inquire if other

halide glasses of potential usefulness can be prepared. Theoretical predic-

tions of glass-forming tendency can be made through a number of approaches.

Thus the magnitude of the ratio of single-bond energies to melting tempera-

tures (Rawson, 1956) or the ratio of cationic to anionic field strengths

(Poulain, 1981) can be used as a guide. Assuming ideal behavior, such treat-

ments can be applied to polycomponent systems. Table 2 shown some systems

which are glass-forming. The values of E AV/T 1 and Pi are all within the

predicted ranges of glass formation. It would appear that these two

approaches are fairly good tools for prediction.

The viscosities of the melts of systems shown in Table 2 are all much

lower than those of oxide glass-forming systems. The glass transition tem-

peratures are all lower than 2000 C. In the absence of phase diagrams, it is

not possible to predict T values. In general, however, it appears unlikely
8

that glasses with T higher than those of the fluoride glasses can be

prepared. No chemical durability data exist on the glasses in question.

Again, assuming ideality, predictions can be made via the known solubility in

'_



water data of halides. Here too, the information on potential glass-forming

systems is very limited. Some solubility data of interest are shown in Table

3. Chemical durability would appear to be a key problem in the development of

these halide glasses. With the exception of ZnCl 2 no structural information

is available. The question of coordination of cations, when two or more dif-

ferent halogens are present in a glass, will be an interesting structural

problem for future studies.

--- . ...- < 4- ,..,a .



Table 1

KNOWN NON-FLUORIDE HALIDE GLASSES

ZnCl 2

ZnC1 2-I

BiCi 3-KC1

ThC1 4-KCI

ThCl 4-NaCl

ThCl 4-KCI-NaCl

CdCl 2-BaCl 2

CdCl 2-BaC1 2-NaCl

Bi Br3-TICl -PbC1 2

CdI 2-KI

CdI 2-KI-Cs I

CdCl 2-AgC -.PbCl 2

CsBr-AgBr-PbBr2

AgI -AgBr-PbBr 2-CsBr-CdBr 2

t Aa



Table 2

HALIDE GLASSES AND PREDICTED

GLASS FORMINlG TEN~DENkCIES

System E Av

ZnCl 2  0.086 6.0

ZnBr 2  0.062 6.5

ZnBr 2-KCl (55-45) 0.080 4.2

ZnBr 2-KBr (55-45) 0.058 4.2

ZnBr 2-KI (55-45) 0.084 4.3

ZnBr 2-TlCl (55-45) 0.075 4.1

ZnBr 2-TlBr (55-45) 0.073 4.2

ZnBr 2-KBr-TlI (55-35-10) 0.079 4.2

ZnBr 2-KBr-KI-TlBr (55-25-10-10) 0.079 4.2

NOTE: P. i Xi.F. (2.5 i.o 10)

E AV ZE ivix~I /v 1xi

* (> 0.05)

AI



Table 3

Some Insoluble Halides at 20*C In I-ater

I Br- cl F-

Ag 3 x 10 ~ 8 x 106 2 x 1-196

Pb 0.07 0.9 1.0 0.06

Bi i d d i

Cr3 i i 1

Hg 2+ 0.01 0.6 7

TI 6 x JQ0 0.05 0.3 8

Th s s s

Zr d d s 1.4

Al d s 70 0.6
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PROGRESS IN CADMIUM HALIDE GLASSES

Marc MATECKI, Michel POULAIN and Marcel POULAIN

Universitd de Rennes - Campus de Beaulieu

Laboratoire de Chimie Mindrale D, Laboratoire Associd au C.N.R.S.

n* 254, Avenue du G~ngral Leclerc - 35042 Rennes Cddex (France)

INTRODUCTION

Various examples of the glass forming ability of ZnF2

were recently described (1-3) while that of ZnCl2 is well known (4).

This paper is centered upon systems including cadmium which is iso-

electronic with zinc and therefore is likely to show some glass

forming ability. The main interest of such research lies in the

improvement of I.R. transmission and also in increasing the water

resistance of chlorine containing phases.

1. GLASS FORMING SYSTEMS

1.1. Fluoride glasses

By classical synthesis methods, quenched glasses have

been obtained in the CdF2-ZnF 2-BaF2 and CdF2-MnF2-BaF 2 ternary sys-

tems. Binary glasses (Cd0 .5Ba0 .5 )F2 have been synthesized. As shown

in figure 1, the glass forming area is large, but the crystalliza-

tion rate at cooling is always high. Therefore, only thin samples

may be prepared.

1.2. Chloride glasses

Cadmium chloride may acts as a glass progenitor : this

is demonstrated by the occurrence of quenched glasses in the

CdCl 2 -BaCl2-NaCl or KCl ternary systems (figure 2). Binary glasses

-IL



(Cd, Ba)C12 are also observed. Although vitreous materials may

be prepared at room atmosphere, better results are obtained using

a dry glove box. These chloride glasses are much less sensitive

to moisture than ZnCl 2 glasses.

1.3. Mixed halide glasses

Glass formation seems to be rather common in many

polyhalide systems including cadmium halides such as CdCl 2-CdF2-

BaF2, CdCl2-CdF2-BaCl 2, CdCl2-CdF2-KI or KBr (figure 3). When

using pure starting materials, samples of 5 mm in thickness may

be obtained. The stability versus atmospheric moisture increases

with the fluorine content. Typical glass compositions are reported

in table I.

2. PHYSICAL PROPERTIES

The characteristic temperatures were measured by

D.S.C. (DU PONT 1090 thermal analyser). For fluoride glasses,

the values are similar to that of fluorozirconate glasses while

the average value of TG is 1800 C and that of TM around 4000 C

for chloride and mixed halide glasses (table II).

The I.R. multiphonon absorption edge is shifted

beyond 10 microns for thin samples, as shown in figure 4. The

influence of impurities such as phosphates and sulfates on I.R.

transmission is drastic : less than 100 ppm of SO- result in a
4

strong absorption band at 9 Um, and, for thick samples, the accep-

table lever of S or P is likely below 1 ppm. Figure 5 shows the

I.R. transmission curve of a purified cadmium polyhalide glass

(as expected, the multiphonon absorption edge lies between that

of fluoride and that of chloride glasses).

In most cases, a residual OH band at 3 pm is obser-

ved. As for fluoride glasses, it may be removed by a convenient

processing.



3. DISCUSSION

From a structural point of view, cadmium halide

glasses show some similarities with zinc halide glasses by the

anion to cation ratio and by the electronic structure. However,0 0

Cd2+ ionic radius (0.95 A) is closer to that of Bi + (1.03 A)

which has also a d10 electronic configuration. Further struc-

tural investigations would be helpful to determine the actual

coordinations, although an octahedral arrangement seems to be

probable for Bi and Cd in chlorine containing glasses. The sim-

plest structural model for these glasses is that of a random

packing of anions in which cations are randomly inserted.

Potential applications of cadmium polyhalide glas-

ses may be foreseen both for I.R. bulk components and I.R. opti-

cal fibres. The values of TG are high enough to allow most uses.

The decrease of the absorption coefficient with the wavelength

suggests that the minimum value of the absorption losses is very

low insofar as Rayleigh scattering is not too important (figure 6).
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TABLE 1

Cadmiu~m halide gt~z.6 compo.&di.Zon, (iLn mote]

CdF2  CdCI 2  BaF2  ZnF2  ThF4  BaCI 2  NaCI KC1 KRb KI

FCB 0 50 50

FCBZ 3 40 40 20

FCBZ 6 20 40 40

FCBT 47 47 6

CCBK 1 50 40 10

CCBN 1 50 40 10

CCB 0 50 50

XCB 4 40 30 30
XCB 5 65 2 33

XCB 0 65 35

WCK 2 20 30 50

QCK 2 20 40 40

TABLE 2

Chaeacte~L tL tempewtuwez o6 cadmium hatide gte6

TG TC  TM

FCB 0 325 380 625

FCBZ 3 283 345 643

FCBT 354 406 589

CCBK 1 180 232 363

CCBN 1 170 212 366

CCB 0 179 224 448

XCB 4 182 216 443

XCB 5 184 203 455

WCK 2 114 164 314

QCX 2 104 117 278

"dim



ZnF 2  CdCI 2

(A) (2 a)

CdF 2F 2  NaCI a~ 2

CdCl 2  CdCI 2

(2b) (3a)

KCI Bal2CdF 2  BaF 2

CdCI 2  CdCI 2

(3b) KI (3c)

Kor

CdF 2BaCt KBr CdF2

.igtaA 1, 2, 3

Vit~eou,6 aAea.6 in o=aaium hatide a6y6em,6 1. 6tuotdeh 2. choLdeh ;

3. mi(xed hatdA.
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LARGE SCALE PREPARATION OF HEAVY METAL FLUORIDE GLASSES

Gwena~l MAZE

Le Verre Fluor6, Z.I. du Champ Martin

VERN/SEICHE, 35230 SAINT ERBLON (France)

INTRODUCTION

Speaking of heavy metal fluoride glasses, what can be

qualified as a large scale preparation ? As an example, a small

window 25,4 mm in diameter and 3 mm thick weights 7 g. Taking

in account the losses at polishing anda serious coefficient of

security, 20 g of glass will be necessary to get a single win-
dow. The manufacturing of 10,00. windows will require 200 kg,
provided that there is a market for such quantities of win-

dows or other fluoride glass components. With the same quantity

of glass, it should be possible to do 50 large optical windows
300 mm in diameter and 15 mm thick.

If we cast a glance at optical fibers, we can calcu-

late that to obtain 250 m of optical fibers, 140 um in diame-
ter, one must start with 100 g of glass, taking in account the

losses at polishing, at the ends of the preform and a large

coefficient of security. One kilometer of optical fibers will
require 400 g of glass.

One can imagine that a major factor has to be taken in

account by the fluoride glass manufacturer : that is the speci-

fications of the glass. Glass preparation for optical fibers

drawing or high power laser windows and lenses require high



purity starting materials and, sometimes, in a first step,

the purification of some of them. The time requested for these

operations, the cost of the raw materials and special equipe-

ment necessary to produce 1 kg of such glass are far above the

cost of the glass devoted to standard I.R. components

In this paper, we shall describe some of the tech-

niques which are suitable to produce some thousands kg of fluo.

ride glasses of optical quality and discuss some of their

advantages and limits.

PREPARATION TECHNIQUES

A simple way to manufacture fluoride glasses is to

melt an adequate mixture of fluorides and pour it in a mold.

Here are two stable glass compositions

ZrF 57 BaF 34 LaF 3  5 AIF 4 (1
Z 4  5Ba 2  3lF 3

AIF 3  28,75 YF3  28,75 ThF 4  22,5 BaF 2 20

Another way consists to start from oxides and fluo-

rides mixed with ammonium hydrogeno difluoride in order to

convert oxides in fluorides. The main reactions which are

assumed to occur during the fluorination stage are

2 ZrO 2 + 7 NH4FHF 2 (NH4 )3 ZrF 4 + NH3 + + 4 H20+(",

(NH4) 3ZrF4  ZrF4 + 3 NH4 F+

One of the most critical problems in fluoride glass

preparation is its reaction with water. Fluorides react with

water according to reactions which can be resumed by

Fluorides + H 20 Oxyfluorides + HF+

These compounds are not much soluble in the glass. One can

succeed to dissolve them at high temperature if their concen-

tration remains at a low level. These com-?)ounds affect drama-

tically the refractive index of the glass as can be shown in

figures 1 and 2. When the concentration of oxyfluorides is too



high, it is impossible to obtain a glass : the batch crystal-

lizes.

MANUFACTURING DEVICES

The fluoride glass manufacturer must be aware that

to obtain 1 1 of glass (i.e. 4,5 kg), he has to start from a

volume of 6 1 of fluoride powders or 10 1 of the mixture of

oxides, fluorides and NH4 FHF. The volume of the powders is

reduced of an half during the fluorination step and drops

down at melting.

1. Open system (fig. 3)

A simple and relatively low cost device is made of

a crucible (vitreous carbon, platinium or gold) of the suita-

ble volume and a resistance heating furnace. Apart from the

cost, its main advantage lies in the possibility of making,

in a single casting, a volume of glass equal to 2/3 Qf the cru-

cible volume. This system actually gives the possibility

to add powders as their level drops down.

This advantage has his backside : the open system

makes easier the exchanges between the inside of the crucible

and the outside atmosphere. They are all the more important

since the level of the molten glass in the crucible is higher

(figure 4).

2. Controlled atmosphere system (figure 5)

In this system, the crucible is placed in a vessel

made of glass or silica, through which is blowed a current

of gas, and heated by an induction or a resistance heating

furnace.

This king of device eliminates the pollution due to

atmospheric aqueous vapor. On another side, the volume of glass

-L



which can be melted in a single casting does not exceed in

most cases 1/10 of the crucible volume. By this method, the

preparation of 900 g of glass requires a 2 1 crucible. With

the same crucible, it can be done 6 kg of glass in the open

system.

3. Continuous manufacturing system (figure 6).

It is made of a crucible, with a tiny opening at its

bottom, which is continuously fed by the upside. An adequate

adjustment of the thermal profile of the furnace gives rise to
a continuous flow of droplets of glass through the bottom

aperture.

The advantage of this system is the possibility to u.,e

a tiny crucible to prepare large quantities of glass. On the

other hand, the feeding apparatus gives rise to contaminations

which do not exist in the previous systems.

FINING

According to the needs, the glass can be fined, irmerla-

tely after the fluorides have melted, or stocked to be fined

later. In both cases, fining is a critical step of the prepa-

ration process. Among the phenomena which occur during fininp,

we shall retain :

- the oxidation of low oxidized compounds

- evacuation of gas dissolved into the glass

- removing of OH ions

- homogeneization of the melt

- dissolution of the less soluble compounds.

In order to achieve a satisfactory result, the glass-

maker has at his disposal the following means : heating treat-
ment, mechanical agitation, controlled atmosphere processing

-neutral or reactive (figures 'i and 8), chemical addings

Each family of glass, each composition, even each preparation

requires a particular fining process.

- - L



Let us consider one of the problems the fluoride glass

manufacturer faces everydaY - OH- ion removing. It can be

achieved when conjugating heating treatment and controlled

atmosphere processing. For most of zirconium based fluoride

glasses, the OH absorption band can be reduced to less than

1 S of the transmission level, with an accurate thermal process

conducted under neutral atmosphere

These fining techniques have already some intrinsic

limits which arise from the fundamental properties of the

glass and the fining conditions :

- evacuation of remaining gases can be done only at very high

temperature and this is paid by a degradation of the glass

with the departure of sublimated ZrF4

- the OH removing process can be schematically represented as

follows:

XFOH XO + HF

Remove an OH" ion leads to fix an oxygen atom and, therefore,

increase the metal-oxygen bonds into the glass

- dissoluting of insoluble compounds can be obtained, for an

example, by small amounts of phosphates. The price of this fining

is the strong absorption band of the phosphate and its overtones.

CASTING

A simple manner to extract the glass from the crucible

is to pour it in a metallic or graphite mold. During pouring,

the glass is exposed to atmosheric humidity. The hydrolysis

reaction takes place to the larger an extend the greater the

glass surface exposed by unit of time.
The glass poured out licks the inner surface of the

crucible, carries away the compounds condensated during the
glassmaking process and contributes to pollute the casting
with insoluble elements which are nothing more than cristalli-
zing agents.

iA -_4



The extent of these phenomena is naturally linked to
the casting temperature. At high temperature, fluoride glasses

exhibit two phases : a liquid and a gaseous one. The last acts

as a protecting atmosphere which effect is to catch aqueous

vapor. At high temperature also the condensed compounds will

be carried away more easily with the risk to obtain a non-

hydrolyzed but highly cristallized glass.

On the other hand, when pouring is made at low tempe-

rature, the first glass congeals in the inner surface of the

crucible making a protecting film for the following glass. As

counterpart, there is no gaseous phase upon the liquid glass

surface which is exposed to hydrolysis with atmospheric aqueous

vapor.

All these disadvantages can be avoided when extractiig

the bulk glass from the crucible. It is easy to do when the

crucible is conically shaped. The best results are obtained
with platinium-gold alloys which do not damp the glass.

CONCLUSION

Large scale preparation techniques of heavy fluoride

glasses have been developed for optical applications. It invol

yes four steps :

1. preparation of the raw materials (purification and fluorination

2. melting

3. fining

4. casting.

According to the product specifications, the fluoride glass

manufacturer will choose for each step in the manufacturing

process the appropriate technique.

Once the glass has been prepared, then starts anotheT

story : the manufacturing of optical components : windows,

lenses, prisms, beamsplitters ... and optical fibers.

(1) Verres fluor~s, Recueil de publications du L.A. 254

Universit6 de Rennes I, 1981



Fig. 1

Shadow of a glass with a large amount of
oxyfluorides

Fig. 2

Shadow of a good optical glass
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FLUORIDE GLASS OPTICAL FIBRES

Gwenael MAZE, Vincent CARDIN, Marcel POULAIN

LE VERRE FLUORE
Z.I. du Champ Martin, Vern/Seiche, France

This paper is devoted to the drawing conditions of different

fluoride glasses and the ways to achieve large numerical apertures.

Fibre drawing

Pour glasses have been chosen according to their thermal

properties. Their drawing temperatures ranges from 325 to 540 2C.

A zirconium-free glass in the diagram AlF3-YF 3-ThP 4-Ba 2 diagram offers

an exceptional chemical resistance. Their compositions and main

properties are given in tables I and II.

These glasses have been prepared with a mixture of oxides

and fluorides with ammonium hydrogeno difluoride, heated under neutral

atmosphere. The glass has been fined under anhydrous atmosphere.

Pro analysis products were used as starting materials.

The Fe content of the glass has been estimated to 12 ppm, the Cu and

Ni content 4 ppm.

Rods have been obtained by pouring the glass in a brass mold

heated at a temperature next to T . The preforms have been obtained~g
according to the method described by HAUSSONNE & al. Rods and preforms

diameters were between 8 and 20 am, their lenght between 5 and 30 cm.

The drawing of the fibres have been made using a hot gas or

resistance heating furnace. The drawing speed was kept between 5 and

50 i/min, according to the expected fibre diameter (50 to 200 )zm).

Step index fibres have been coated with an UV curable resin.

Spectral loss measurements have been made by the cut-back

method, using a system composed of an halogen, or blackbody source

I Ml/h lu~



a grating monochromator which spectral range lies from 0.5 to 5 )m, a PbS

or an InSb detector. The light is focused at the entry of the monochromator,

the fibre and the detector by a set of fluoride glass lenses, respectively

55, 25 4 and 9.5 mm in diameter. The signal modulated at 250 hz is detected

by a lock-in amplifier. Second order spectrum of the grating monochromatox

are filtered by a set of 4 long pass filters (Pig. 1)

Numerical aperture

A step index fibre is obtained when starting from two glasses,

with refractive index. n 1 and n2 . The numerical aperture of the fibre

determines the angle of the entry cone

NA- n _ n2 - n sin e

In order to encrease the amount of energy injected in the

fibre it is sometimes necessary to encrease 9. This is done by

enlarging the difference between n 1 and n 2 .

Starting from a multicomponent glass it is possible to obtain

a core or a cladding glass by substitution of two elements of the

glassy composition. The cladding glass is obtained by encreasing the

molar concentration of the less polarizing element. Inversely the core

glass is obtained by encreasing the content of the most polarizing elemeyi

This method makes possible to achieve small values of NA.

The limitations arises from the small extent of stable glassy areas in

multicomponent fluoride glasses. In Fig.2 is represented the glassy

area in the diagram Zr? 4-Ba22-YP 3-AlP The aluminium content lies

from 0 to 14 %. But stable glasses can be obtained only between 4 and

8 % of Al 3 In Pig.3 is plotted the refractive index vs % molar

fraction of ZrF4 and Al . Te greatest numerical aperture corresponding
to these limits is 0.12.

Another possibility consist to dope a very stable glass,

used as cladding, with a highly polarizing element, Pb? 2 , fo- instance,

to obtain the core glass. In this case, also, the margin is narrow if

we wan to keep a good stability to the core glass.

Starting from two distinc glasses with very different

refractive index, a third way consist to adjust their chemical,

thermal and mechanical properties in order to get compatible core and

cladding. Some glasses cristallise very quickly when they are doped

with a very tiny amount of Zn?2. The association of such a glass with

- LA



another containing ZnF2 will probably lead to a cristallised interface.

Adjustment of thermal expansion and fibre drawing temperature

can be done by adjustment of the concentration of the components, mainly

alcaline and earth-alcaline elements which have a marked tendency to

encrease the thermal expansion of the glass.

Using this method it is possible to obtain stable and compatible

glasses,for both core and cladding, with a large numerical aperture. Table

III gives an example of a core and cladding glass with a numerical aperture

of 0.2.

Conclusion

Various fluoride glasses have been drawn into fibres at

temperatures ranging from 325 to 540 2C and a method have been studied

in order to obtain large numerical apertures in zirconium based fluoride

glass optical fibres.
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Extended Abstract

DISSOLUTION OF FLUOROZIRCONATE GLASSES

by

T.A. McCarthy and C.G. Pantano
Department of Materials Science and Engineering

The Pennsylvania State University
University Park, PA 16802

Fluoride glasses are finding applications in fields where traditional oxide

glasses cannot be used. One of the limiting factors in the development of these

glasses is their poor chemical durability. Therefore, it is advantageous to

understand the mechanism of dissolution of fluorozirconate glasses.

The kinetics and pH dependence of dissolution have been investigated. A

ZBLA glass of composition 0.57ZrF4 . 0.36BaF2 . 0.03LaF 3 0.04AIF 3 was examined.

The dissolution rates were measured in solutions of constant pH= 2,4,6,8 and 10.

The high pH solutions were made with ammonium hydroxide and de-ionized water.

The lower pH solutions were maintained with HF acid. The corrosion solutions

were analyzed periodically for the ions of interest.

During leaching in low and intermediate pH solutions, there is an initial

preferential release of fluorine into the solution. Later, however, the

solution reaches a composition whose cation to fluorine ratio is stoichiometric

with the glass. This is illustrated in Figure 1. For a corrosion solution of

pH- 2, the dissolution of the glass is nearly congruent. In de-ionized water,

the glass dissolves nearly congruently; the deviation from congruent dissolution

is due to the slower release of La into the solution as shown by the solution

analysis data. At pH- 10, the glass is relatively insoluble. Although the pH

decreases from an initial value of 10 to 8.5, no detectable Al, Zr or La

concentrations are found in the solution. Small amounts of Ba and F are leached

from the glass at high pH.
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A decrease in pH is observed during leaching of a ZBLA glass regardless of

the initial pH of the solution. This suggests an exchange between the hydroxyl

species in solution and fluoride species in the glass. Yet at high pH where the

hydroxyl ion concentration is high, little or no dissolution is observed. At

low pH the glass dissolves at a high rate. Very often, the crushed glass

specimens are transformed into a hydrated crystalline material. It is implied

that these hydrates, which form either on the glass surface or as a precipitate

in the solution, are insoluble at high pH and soluble at low pH.

The dissolution reaction can be represented as:

H2 0 + F (glass) ----- HF + OH (glass).

Since the pH decreases as hydroxyls are consumed in the reaction, it is

desirable to determine dissolution kinetics at constant pH. Constant pH

measurements enable the determination of the reaction rate and reaction order

according to the relation:

dC SA k n k
d T f dissolution H kprecipitation

where C is the concentration, SA and V are the surface area and volume of the

glass and aH+ is the activity of the H+ ion. The pH by definition is the

log(aH+). The kprecipitation term can be eliminated by considering only short

time dissolution.
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Mechanical Properties of Heavy Metal Plixoride Glasses

J. J. Mecholsky
Sandia National Laboratories
Albuquerque, N. M. 87185

We measured the microhardness, density, modulii of
elasticity, Poisson's ratio, stress corrosion susceptibility,
fracture strength and toughness of fluoride based glasses. A
systematic change in composition of heavy metal fluoride glasses
containing yttrium or ytterbium demonstrated that compositions can
be optimized for mechanical properties. These glasses are
mechanically superior to fluorozirconates and fluorohalfnates.
The toughness in fluoride based glasses ranges from 0.2 to 0.5
MPamI/2 . The elastic modulus and (Vickers) hard ess varied
between 5.5 to 7.5 x 104 MPa and 200 - 350 Kg/mml , respectively.
At this time it is not- clear what combinations of structural
changes will result in improved mechanical properties. Some
generalities can be made in the context of these limited
experiments. Additions of aluminum to the basic fluorohalfnates
(HBL, HBLA) and fluorozirconates (ZBL, ZBLA) tended to increase
slightly the hardness and toughness. Increased barium in
barium-thorium-zinc-ytterbium glasses tended to increase the
hardness, modulus, and toughness.

In general, the silicate based glasses have higher elastic
modulii, hardness and toughness than the fluorides. However,
silicates are not suitable for applications requiring mid-infrared
transparency. Most fluoride based glasses are mechanically
superior to the simpler compounds of the infrared transmitting
chalcogenide glasses (i.e., S, Se, As 2 S 3 and As 2 Se 3 ).

The stress corrosion susceptibility (n) was measured by the
identation technique, delayed failure of flexure bars and
stressing rate (between 0.1 - 20 MPa/s) fracture of fibers. A
high n value indicates resistance to stress corrosion.

The fluoride glasses tested seemed to fall in two categories;
the first had an n 10 to 12, the second exhibited little or no
slow crack growth. The glasses that had no OH- band as indicated
by infrared spectroscopy exhibited no slow crack growth by the
indentation technique. There were some compositions with varying
amounts of OH- also exhibiting no crack growth. Other fluoride
glasses, both with and without aluminum, exhibited growth of the

£ indentation cracks, however, there did not seem to be any
correlation with OH- content. Delayed failure of flexure bars
indicated the same type of "n" behavior for presumably similar
compositions of the ZBLA and HBLA glasses. This indicates that
the fluorides are sensitive to minor chemical variations with
regard to their stress corrosion susceptibility. Thus, there is
hope to find compositions that are resistant to slow crack growth
due to stress corrosion.



There was no effect of stressing rate on the fracture stress
of alkali-fluorozirconate fibers. This implies little or no
susceptibility to stress corrosion. However, it could also mean
that the degradation that occurs, does so relatively rapidly after
exposure to air and reaches a steady state corrosion rate. It is
important to understand the interaction of corrosion and stress
corrosion in these glasses before long term lifetime predictions
are made. Future experiments will have to control the atmosphere
after fabrication and before testing.

Projections for the potential strength of infrared
transmitting fluoride based glass fibers are promising. The
ultimate, theoretical strength can be estimated from the fracture
toughness value ( -0.5 MPa ml/ 2) to be approaching 10,000 MPa.
Coatings for protecting the fiber from moisture have to be
developed to obviate the stress corrosion potential. In fiber
production, attention to the purity and protection of the preform
or melt is the key to mechanically superior fibers. However, in
order to understand and predict the mechanical behavior of these
glasses, it will be necessary to combine the results of
structural determinations, corrosion measurements, optical
measurements, and fracture analyses.
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Fracture Analysis of Fluoride Glass Fibers

J. J. Mecholsky, Sandia National Laboratories, Albuquerque, NM
J. Lau and J. D. Mackenzie, U. of California, Los Angeles, CA
D. Tran, Naval Research Laboratory, Washington, DC
B. Bendow, BDM Corporation, Albuquerque, NM

Alkali-fluorozirconate glass fibers were broken in tension,
in air (25-50%rh) at room temperature. The purpose was to
compare the failure characteristics with those in chalcogenide-
and silicate-based fibers. Examination of the fracture surfaces
of the fluoride fibers suggest that all failures originated at
the surface (Figure 1). The fracture stress, a , ranged from -30
- 580 MPa depending on the size of the critical crack, c. The
well known characteristic fracture features known as mirror,
mist, hackle and crack branching were observed on these fibers.
These features help in determining the source of failure and
fracture stress. The mirror constants (ar 1/2 ) where r- is the
radius from the origin of fracture to the Aeginning of he mist
(j = 1), hackle (j = 2) or crack branching (j = 3) region, were
determined to be M 1 = 1.6 + 0.4 MPa ml/2, M 2 = 1.7 + 0.5 MPal/2

and M 3 = 1.8 + 0.5 MPa ml/7 . These values should be considered
preliminary data and only used for estimates of fracture stress.
Much more data are needed before these constants are established
with certainty. Recall that we assume that or.1 / 2 = Mj.
Although this relationship is vali-d for silica3fibers, evidence
suggests that it may not be valid for chalcogenide based fibers.
More fracture data are needed on bulk fluoride glasses in order
to extend the o-r-relationship over an order of magnitude in
stress for fluorile based glass.

The fracture toughness, or resistance to rapid'crack
propogation, may also be estimated from the size of the fracture
initiating crack, c, and the fracture stress,a : KIC = 1.24a ,
where KIC is the critical stress intensity factor (or fracture
toughness), from which we obtain KIC -0.5 MPa ml /2•
This is slightly higher than we obtained for bulk glasses
( -0.35 MPa ml/2 ). There are several possible reasons for the
difference. (1) Residual (compressive) stress could be present
on the surface of the fiber in which case the actual tensile
fracture stress would be lower and thus KIC would be lower. (2)
Errors in the measurement of the critical crack sizes (-lpm) on
the fibers could result in higher Kicvalues. (3) The composition
differences between the fiber and bulk glasses could make a
difference in KIC. At this time it is impossible to determine
which is the correct reason for the difference or whether they
all are correct reasons. We think that the toughness in bulk and
fiber should be close in value. We can estimate the theoretical
strength of fluoride glass from KIC :

K K~(Fluoride)
a th= K s(lrica) x ath Silica 29700 MPa

IC
A comparison of fluoride glass mechanical properties with those
of chalcogenides and silicates are given in Table I.



Stressing rate tests of teflon coated fluoride fibers showed
that the fracture stress ( - 60 MPa) was approximately constant
for a stressing rate between 0.1 - 12 MPa/s. This does not
necessarily mean that there is no stress corrosion, but rather
that all the moisture effect that occurs, will occur in the first
few days. Initial strengths in air measured right after
manufacture were -140 MPa. These fibers were then stress rate
tested -1 month after manufacture and were exposed to moisture
during that time. Long term tests are needed to evaluate the
stress corrosion degradation of fluoride fibers with coatings.
As with silica fibers, water or moisture will eventually degrade
the fiber strength even with a good organic coating. Metal or
ceramic coatings may be able to protect the surface for long
times just as with silica based fibers and should be
investigated.

4
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Table I

FRACTURE CHARACTERISTICS OF FIBERS

Fluoride Chalcogenide Silica

KIC (MPaml/ 2 )* 0.5 + .1 .25 + .03 .72 + 0.1

e (MPa) ** 400 200 580

oth (MPa) + 10 x 10 3  5 x 103 14 x 103

KIC 1.24 a -c-

• * is compared at the same crack size (-1lm)

+ Theoretical strength based on fracture toughness values

4
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PROGRESS IN FLUORIDE GLASS FIBER RESEARCH AND DEVELOPMENT

IN JAPAN

T. MIYASHITA AND T. MANABE
IBARAKI ELECTRICAL COMMUNICATION LABORATORY

NIPPON TELEGRAPH AND TELEPHONE PUBLIC CORPORATION

TOKAI, IBARAKI 319-11, JAPAN

1. Introduction

This paper reviews the current status of fluoride glass
optical fiber development in Japan. Aiming at the attainment of

ultra-low loss fibers, fluorozirconate glass systems have been

most extensively investigated. Glass composition, material
purification, fiber fabrication and optical properties are presented.

2. Fiber Glass Composition

Table 1 lists the typical glass compositions investigated for

optical fibers. The most important criterion in the selection of
a composition is that it forms a sufficiently stable glass. The

compositions listed in Table 1 feature high glass formability,

though they are required to be improved for fabrication of
homogeneous long fibers.

3. Material Purification

Starting materials are commercially available fluorides of
99.99 percent purity. All these reagents are purified prior to

the glass melting(3). Both vapor- and liquid-phase processes could

be applicable to purification, and, however, the former seems to

be more useful for the present purpose. ZrF 4 and AlF3 are purified

by sublimation in an inert atmosphere of low pressure. On the other
hand, BaF2 and GdP3 are purified by sublimating out impurity

fluorides. Such sublimation is found to be considerably effective

in reducing transition metal impurities(Table 2).

4. Fiber fabrication

Figure 1 shows the working process for cladded fiber fabri-

cation. The purified materials are weighed and mixed. Core and

cladding mixtures are treated with NH4F.HF at 400 C for 0.5 h

and melted at 900 OC for 2 h in separate gold crucibles. Fiber
preforms are obtained by a built-in casting method, specially

developed for fluoride glass fiber, which is shown schematically

in Fig.2. The preform obtained is jacketed in a Teflon-PEP tube

and heated zonally by an electric furnace at a temperature around



350-400 0C. The fiber is wound onto a pistic bobbin at a 20 m/min.

drawing speed. Fig.3 shows an interference microscope photograph

of a multi-mode fiber cross section. Single-mode fiber is also

fabricated. Teflon-FEP cladded fibers are prepared by glass core

- Teflon FEP tube technique.

S. Optical Properties

The optical loss spectra are measured in 0.7 - 5.0 Fm

wavelength range. The measurements are usually made with 20 - 100

m long fibers. Fig.4-a and 4-b show transmission loss spectra for

ZrF4-BaF 2-GdF3-AlF 3 and ZrF4 -BaF2 -LaF3-NaF-AlF 3 glass fibers,

respectively(4,5). Optical attenuation consists of absorption and

scattering. The large peak at 2.9 um is assigned to the OH

fundamental stretching vibration. The broad band in 0.7 - 2.5 pm
wavelength range is assigned to impurity absorption by extrinsic

transition metals such as Fe+ 2 and Cu + 2 , as is shown in Fig. 4-a.

The increase in the longer wavelength region than 3.6 um is due

to glass matrix vibrational absorption.

Imperfections such as bubble, micro-crystal and phase sepa-

ration produce rather wavelength-independent scattering loss, which

is observed in 1.0 - 2.5 Fm wavelength range in Fig. 4-b. Up to

now, the minimum loss of 8.5 dB/km is obtained at 2.1 pm for ZrF 4-

BaF2-GdF3-AlF 3 glass fiber(4).

Material dispersion characteristics are also investigated.

The fluoride glasses exhibits zero material dispersion at 1.5 - 1.7

pum and a gentle slope for the dispersion curve.

Other characteristics such as mechanical strength and chemical

durability will be discussed.
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Table 1 Typical fluoride glass compositions for optical

fiber (1, 2)

core 61.0 ZrF 4 - 32.0 BaF 2 - 3.9 GdF 3 - 3.1 AlF 3
cladding 59.5 " - 31.2 "1 - 3.8 "1 - 5.5 "(mol %

core 58.0 ZrF 4 - 15.0 BaF 2 - 6.0 LaF 3 - 21.0 NaF - 4.0 AlF 3

cladding Teflon - FEP (m6lar ratio)

Table 2 Estimated concentration of metal impurities in

drawn fibers
(ppm)

Fe +2  Cu +2  Ni +2 Cr +2

fiber with raw materials 0.79 0.81 0.10 0.18

fiber with purifed materials 0.42 0.10 0.16 0.14

ZrF4  BaF GdF3 IF

Sublimation

Ci.1 oridls fiber farclain procssl

Buildin Cstin
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Fig. 4 Transmiss 3n loss spectra for fluoride glass fibers
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5) ZrF 4 -BaF 2 -LaF 3 -NaF-AlF 3 system
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Extended Abstract

It is well-known that moisture can adversely affect the strength of

oxide glasses. It is also known that fluorozirconate glasses are, in

general, less chemically durable than silicate glasses. Thus it appears

that the surface of fluoride glass fibers must be adequately protected

from the ambient atmosphere for long term applications. Teflon FEP has

been considered as a possible protective cladding for fluorozirconate

glass fibers. This paper is concerned with the effect of a humid atmos-

phere on the tensile strength of one type of fluorozirconate glass fiber.

Fluoride glass fiber of about 100-170 wm in diameter and cladded

by Teflon FEP were drawn by a preform method. One lot of such fiber was

stored in a dry-box with less than lOppm H20. Another lot was stored in

100% humidity atmosphere at room temperature for periods up to two

weeks. Figure 1 is a comparison of the average strengths of these

fibers. The maximum strengths of freshly drawn fiber of about 150 om

diameter were as high as 100,000 p.s.i. These values compare favorably

with those of some silicate fiber of the same diameter. There is no

doubt that the strengths of fluoride glass fibers decreased significantly

in the wet atmosphere. Apparently, Teflon FEP is not an effective pro-

tecting material. Table 1 shows that water can permeate fairly rapidly

through Teflon FEP and that a monolayer of water can be formed on the

fiber in less than 5 minutes. Scanning electron micrographs were ob-

tained on stripped fibers and confirmed that deterioration of the glass

surface had occurred.



Water Permeability of Teflon FEP Resin

Calculations were based on the use of a 135 Am diameter
fluoride fiber with a 25.4 Am teflon cladding thickness.

Area of water molecule -0.44 2

(4.4 x 10
-21 m2

Surface area of 1 meter length of 4.2 x 10-4 m2

fiber

Number of water molecules required -9.5 x 1016 molecules

to form monolayer on the surface (2.9 x 1O-6 grams)

of the fluoride fiber

Permeability constant of Teflon 1.4 g/ m2/ 24hrs

FEP resin at 23°C (9.7 x 10-4 g/ m 2/ min)

Rate of permeation of water vapor 6.9 x l0 7 g/ min

through 25.4 pm teflon cladding

Time to form monolayer on fluoride -4.2 minutes

fiber surface

Journal of Teflon, 11(1), 8(1970).

TABLE 1

\A.A



Strength vs. Time

240

220

200

180

160

140

120

100

80 -

60 -

40 - xDay 0

* 0 Fibers stored in dry atmosphere

20 - Fibers stored in wet atmosphere

[C

0 2 4 6 8 10 12 14

Days

FIGURE 1



35

CRYSTALLIZATION OF ZrF44 -BaF 2-LaF 3-AIF 3 GLASS
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ABSTRACT

Fluoride glasses based upon ZrF4 and HfF4 exhibit excellent optical transmission

behavior from the near-UV to the mid-IR region, and they are attractive

candidates for fiber optic materials. However the usefulness of such fluoride

glasses for this application may be limited by their short working range and

their tendency to readily crystallize or at least develop small crystallites

during glass formation. Hence, detailed crystallization studies of these

glasses would be useful to help surmount such difficulties.

In a previous study we examined the isothermal crystallization behavior at 3701C

of a ZBLA glass having the nominal composition in mole percent of

57ZrF4-36BaF 2 -3LaF 3 -4AIF 3. Herein we report the results of a more extensive

study of crystal nucleation and growth in glasses of this same nominal

composition. In particular, the nature of the crystallization behavior and the

crystal products formed in this ZBLA glass at lower temperatures as a function

of the initial glass condition will be discussed. The principle experimental

tools employed in this study include powder x-ray diffraction (XRD), scanning

electron microscopy (SEM), optical microscopy (OM), differential thermal

calorimetry (DTA) and electron microprobe analysis.

14"L
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The measurements were made on heat-treated cubes cut from two glass bars (1 and

2) formed and quenched under only slightly differing conditions. For glass I on

which DTA measurements were made, Tg was approximately 2850C, and

crystallization peaks were noted at about 3600 and 3900. For both glasses heat

treatments were done as a function of time at temperatures of 3200, 3550 and

370'C. Cubes having pristine surfaces, cut surfaces or ground surfaces were

heat treated to determine if surface condition affects surface crystallization

behavior. XRD analysis was done on entire and ground heat-treated cubes to

identify and determine relative amounts of crystal species forming internally

and/or at the surface. Internal and surface morphological detail and variation

were measured on ground and polished specimens with both OM and SEM. In this

manner, an estimate of nucleation frequency and crystal growth rate could be

made of crystallites observed to be forming internally and randomly within these

glasses at the two lower temperatures studied.

The morphological structure of the internally forming crystallites was observed

to be temperature dependent, but always very different from the crystal

morphology of the crystallization products which formed at the surface and grew

inwards. By XRD analysis only two crystal species were found to form at 3200

and 3550. One crystal phase was positively identified as B-barium

fluorozirconate (B-BaZrF 6 ). This phase was tentatively determined to be the

crystal phase forming and growing from the glass surfaces. The other crystal

species was also identified from its XRD pattern as the low temperature a

modification of this composition (m-BaZrF6 ), whose crystallites form internally

within the glasses, perhaps by a homogeneous nucleation mechanism. The initial

internal crystallite concentration and rate of crystallization were both found

to be much larger in glass 2 than in the similarly prepared glass 1, which is

interpreted as support for the above tentative conclusion.
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Avenue du G~n~ral Leclerc - 35042 RENNES CEDEX (France)

INTRODUCTION

The description of glass structures is dominated by

the Zachariasen's concepts. In their previous form, they have

accounted for most existing glasses. However, the occurence

of numerous new vitreous systems -polymers, metal glasses,

halide glasses- makes necessary more general formulation of

the atomic arrangement in glass (1).

The first condition for glass formation is that the

nucleation and crystal growth processes are frustrated during

the cooling of the melt (2). Unfortunately, this essential

kinetical condition does not result in obvious structural

requirements because the mechanisms of ordering and the inter-

mediate states between crystal and glass are not well under-

stood. Therefore, one must keep as a starting basis the Zacha .

riasen's original statement : glass and crystal energy must

be comparable although it has been demonstrated that this

condition is not sufficient (2).

1. BASIC STRUCTURAL INFORMATIONS

The understanding of glass structures may be achieved

by the analysis of convenient physical date (X-rays, neutrons,

EXAFS..., spectroscopic measurements). Following Zachariasen,

it may be postulated that the interatomic forces in crystal and

glass are the same. Therefore, one may expect the same coordi-

-A I. LJ



nation polyhedra, bond lengths and ionic radii. Indeed, until

now, all structural informations agree with this postulate. The

usual coordination numbers and bond lengths of the cations

entering fluoride glass compositions are given in table 1. As

not all atoms are equivalent in glass, deviations from these

values may be observed for a few of them as an exception to

the general rule. For example, while diffraction studies indi-

cate that the zirconium coordination is around 8, it is concei-
vable that some Zr % atoms are 6-fold coordinated and lower

fractions 5- or even 4-fold coordinated.

Other structural informations arise from computer

simulations (3). The chemical formula also gives a relation-

ship between the coordination numbers. A general equation may

be written:

jyj = Ixil *Lij1 Jwjj

where y is the number of anions in the chemical formula Mx Fy

xil is the line matrix I1xnj of the cationic fractions

1j. is the column matrix of the anionic weights (the

inverse of the anion coordination number)

LijI is a rectangular matrix characteristic of the

structure. Each element Lij is equal to the

number of anions from the jth anionic site sur-

rounding the ith cationic site

This equation may be used for crystalline as well as for vitreous

structure

2. THE NETWORK MODEL

If we consider any solid, it is possible to locate the

cations, then to define the coordination polyhedra with the

anions -or alternatively the Voronoi's polyhedra-, and finally
to observe the way these polyhedra are linked together. The

network model therefore applied for crystals as well as for

glasses and various examples may be given (4) NaCl, NiAs,

NbO, ZnO, TiO2, ReO 3 ...



... . .Irh... . .. ... .. . . .. .. . . .. .. .... ... . . . .. . . o

The network model is suitable when one type of cation

is preponderant, or when the binding energy of the network

is higher than that of the other structural elements. For

example, the binary glasses ZrF 4 -ThF4 may be described as

a random network of ZrF7 , ZrF 8 , ThFs, ThF9 polyhedra sharing

vertices. Binary ZrF 4-BaF2 glasses consist of Ba+  ions trapped

into the interstices of the network constructed by the associa-

tion of the ZrF 8 and ZrF 7 polyhedra.

However, in various systems it becomes more difficult

to decide which cations are into the network (vitrifiers") or

outside ("modifiers'). Li+ and Na+ ions are usually labeled

modifiers although their coordination polyhedra are similar to

those of AI 3+ , Zr4 + and Th4 + . A geometric criterion is there-

fore difficult to define -in fluoride glasses, the network

unit is not constant : tetrahedron, octahedron, dodecahedron-

Another problem arises when the network represents

a lower part of the total energy than the rest of the structurc.

This is the case of the ZnF 2 -SrF 2, CdF2-BaF2 , ThF 3-LiF binary

glasses : the single bond strengths Zn-F and Cd-F are lower th:in

Sr-F and Ba-F (5). Finally, the network model would suggest th:;t

the glass forming ability decreases with the network connec-

tivity : the polymeric character is lowered and the melt vis-

cosity decreased. In fact, the incorporation of chlorides or

phosphates often results in more stable glasses.

In conclusion, the network model cannot be used so

extensively for fluoride glasses as for SiO,-based glasses.

3. THE IONIC MODEL

An alternative structural model for fluoride glasses

is that of the random packing of fluorine anions in which

cations are inserted into sites corresponding to their usual

crystal-chemistry. In order to be non periodic this random

packing must not be closed packed and the average F to F

coordination is therefore lower than 12. As diffraction stu-

dies show that the coordination numbers of Ba + and Pb+  are

'1A



around 10, one may suggest that this random packing includes

both F- anions and Ba+ + and/or Pb+ + cations which is consiste.

with the important part acted by barium in most fluoride glasses.

If we consider, as an example, the binary glass

Zr0 .65 Ba0 .35 F3 .3 3, the glass structure results from the disor-

dered insertion of zirconium in the packing of F- and Ba2+ ions.

The lack of ordering results both from the random structure of

the packing and from the excess of available sites for Zr -the

number of host sites being proportional to the anion to cation

ratio. The above topologic equation shows that the average

coordination number (CN) of fluorine is 2.5 (versus cations)

assuming C.N. of 7.35 for Zr and 10.7 for Ba (6). Simple elec

trostatic rules indicate that the interionic distance between
higher charge cations is maximized- . For a 3-fold coordinated

fluorine, this results in a larger value of the Zr-F-Zr angle

by comparison to the Zr-F-Ba angle, in agreement with the

X-ray scattering studies (1500 and 105').

The observed fluorine concentration expressed as the

number of F- ion.g per cm3 may be deduced from simple density

measurements. It is nearly constant and varies between 80 and
100.10 - 3 ion.g cm- 3 for most fluoride glasses. The variations

depend on cation sizes, and mainly on the smaller one. This

high compactness is directly related to the minimization of

the coulombic energy and is therefore accounted for by the

ionic model.

CONCLUSION

The description of glass structure as a random ionic

packing offers several advantages. It may include tetrahedral

glasses and suggests some relationships with metal glasses.

It accounts for glass formation in complex systems such as

polyhalides, oxyhalides, fluorophosphates or ionic salts.

Finally, it makes conceivable the occurence of glasses in

unexpected system.
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INTRODUCTION

Early experiments showed that fairly large amounts

of chlorine (1) or heavier halides (2) could be incorporated in

fluorozirconate glasses. However, no systematic investigation has

been carried out on the resulting changes of the glass forming

ability and the physical properties. This paper focuses on the

variation of the optical transmission range in relation with the

chlorine content in chloro-fluoride glasses.

1. BIHALIDE GLASSES IN THE SYSTEMS ZrF4 -BaF 2 -NaCl-LaF3 AND ThF 4

The incorporation of NaCl was carried out into the

standard fluorozirconate glasses ZBL and ZBT.

ZBT 0.575 ZrF 4 '  0.338 BaF 2  0.087 ThF4
ZBL 0,62 ZrF4  0,30 BaF2  0.08 LaF3

Linear composition rules were defined

a) 0.575(1-x) ZrF4  0.338(1-x) BaF 2  0.087(1-x) ThF4  x NaCI

b) (0.62-0.5x) ZrF4  (0.30-0.4x) BaF2  (0.08-0.1x) LaF 3  x NaCl

Later on, these glasses will be referred to as XZBTN and XZBLN glas-

ses. Sodium chloride was droped directly into the melt using a long

open platinum crucible. As some volatilization of ZrCl 4 may occur,

the synthesis time was kept as constant as possible. Chemical

~atni~=



analysis showed that up to 10 % of Cl may be lost. However, sys-

tematic controls were not carried out and the compositions given

here are those:of the batch.

For 0 < x < 0.3, sample may be obtained by pouring the melt into

a preheated mould. When x > 0.4, quenching is required to obtain

glass. In this way, up to 60 % in mole of NaCI could be incorpo-

rated. The limits of the glass forming area has been determined

at 30 % in mole of NaCl in the ZrF 4-BaF 2 -LaF 3-NaCl quaternary sys-

tem (figure 1). By comparison with the basic Zr-Ba-La system, NaCI

incorporation helps glass formation and results in ternary glasses

ZrF 4-BaF 2-NaCl.

These glasses are yellow coloured, stable at room

atmosphere and more sensitive to moisture than chlorine-free

glasses. When increasing the NaCl content, refractive index

increases, density decreases and the characteristic temperatures

TG and TM are lowered (figures 2 - 4).

2. SPECTROSCOPIC STUDIES

- U.V. absorption edge

The incorporation of NaCl results in a marked shift

of the U.V. absorption edge as shown in figure 5. This is related

to the chlorine content : when removing chlorine from the melt

-for example by heating the melt at 7500 C for 30 mn in open atmos-

phere- the U.V. absorption is reduced and the yellow colour dis-

appears. It is suggested that chlorine ions could induce the for-

mation of coloured centres.

- I.R. multiphonon absorption edge

A shitf of the I.R. multiphonon absorption edge is

observed when the NaCI content increases (figure 6). Extrinsic

absorption arises at 1625 cm-1 (surface H20) and 1325 cm (over-



tune of M-O vibrations). It appears that NaCl enhances the fixation
of molecular water at glass surface. Consequently, sample altera-

tions occur in a wet atmosphere when NaCl-content is higher than

15 %. The shift of the multiphonon absorption edge may be related

to the decrease of the Zr and F concentration in the vitreous ma-
trix. Assuming this hypothesis, the theoretical absorption may be

computed. It is still higher than the experimental value (figure

7). From the lines of figure 7, the extrapolated values of the

attenuation coefficient at 2000 cm-1 are 60 dB/km for the theore-
tical value and 13 dB/km for the experimental one. This result

appears as the mixed halide effect. It may be pointed out that

chlorine incorporation changes the coupling between the elementary

vibrators Zr-F. As a result, the halfheight bandwidth of the fun-
damental absorption peak at 480 cm-1 is reduced and consequently

the multiphonon absorption edge shifted toward longer wavelength.

By comparison with a study in the Zr-Ba-La-F-Cl system carried out

by R.M. Almeida and J.D. Mackenzie (3), a small shift of the ave-

rage frequency of the Zr-anion vibration may be also taken into

account.

CONCLUSION

The characterization and the confirmation of the mixed

effect on infrared transmission have to be carried out in other
systems to provide a set of observations sufficient for a good

understanding. This effect may result in a best I.R. transmission

of the polyhalide glasses than expected from the monohalide glass

characteristics
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EARLY HISTORY OF HEAVY METAL FLUORIDE GLASSES

By Michel POULAIN

Universitd de Rennes - Campus de Beaulieu

Laboratoire de Chimie Mindrale D - Laboratoire AssociA au C.N.R.S.

n* 254 - Avenue du G~n~ral Leclerc - 35042 RENNES CEDEX (France)Ii
The discovery of fluorozirconate glasses was one of

those where luck must be taken into account. The first glass

pieces we found into a sealed tube were the result of a prepara-

tion which missed its aim. For the years 1972-1974, we have been

working on crystallized compounds LnZrF7 and we determined the

structure of one of them, SmZrF7. Considering this structure,

we thought is would be possible to put into it one more cation

to fill up a cage appearing in the model. To reach this result,

we coupled two combinations ZrF4 + NdF3 and ZrF4 + BaF2 + NaF,

Following the scheme:

LnF + ZrF4  LnZrF7
LnZrF7 + (M, M')ZrF 7 * LntM'Zr 2F1 4

with M = Ba and M' = Na

NdF3 + BaF 2 + NaF + 2 ZrF 4 - purple glass + NdF3

Finally BaF2 + NaF + 2 ZrF 4  - colourless glass

We heated a sealed tube up to 9000 C and after we droped it into

cool water. A X-Ray diffraction diagram revealed an amorphous

structure which was a failure from a crystallographic point of

view. After a rather long reflection, we followed out our study

of ternary system ZrF 4-BaF 2-NaF.

The use of sealed tubes was not convenient to glass

technics. We improved our process by using platinum crucible.

For us, this method was usual because we transform oxides into

fluorides in platinum crucible. Mixture of fluorides and oxides

L A -- 6



with ammonium fluoride was put into crucible and heated slowly

in a first time. When smokes had disappeared, we heated up to

fusion and poured the bath on a metal piece. This method allowed

us to perform more preparations and to get samples in brass moulds.

Other systems were prospected (figure 1) on the basis

of similar chemical properties or structural analogy. They provi-

ded the best compositions of fluorozirconate glasses we know. This

work run over several years, then a problem was coming up : "Is it

possible to get fluoride glasses without zirconium ?". The answer

was we consider as our second stage : glass without zirconium.

We had observed the presence of BaF2 in most mixture

and beneficial part of ThF4, YF3 and AlF3 . Our test was carried

out on the quaternary system Ba-Al-Th-Y-F... (BATY). Then, we

prepared glasses without one of the constituents Ba, Th or Y. We

reached more complicated preparations (figure 2). Study was exten-

ded to other systems without zirconium using elements in the samc

columns as Zr, Y or Al in the periodic table. This explorer work

provided good samples on qualitative results. Here, we can point

out some ternary systems : Sc-Y-Ba or In-Ba-Y or Ti-Ba-Na and

glasses with alkali fluorides Th, Li, Ba or Th, Li, Na, K (fiaur .

A rather short time was devoted to fluorophosphate

glasses with NaPO 3, LiF, CaF2, AlF 3. Their interest is poor and

their properties not special. Nevertheless, when molar percentage

of NaPO 3 is weak, these glasses are moisture resistant.

With fluorozirconate glasses, we thought there was a

limit in I.R. transparency. To go further in I.R. range, we tride

to find glasses without fluorine. The first tests uses only chlo-

rine compounds. Best results came from the ternary system : CdCI

BaCl 2-NaCl. Samples were thin and got only after quenching the

melt. The track was good and interesting results were found by

M. Matecki by using mixed halide compositions. This study is only

at the beginning.

For illustrating our method, we give an example of

short quaternary study. Starting from ternary Th, Li, Ba, we com-



plete a quaternary by associating ZrF 4. A glassy volume from

Zr = 0 % to Zr = 60 % is continuous and gives good samples.

In conclusion, discovery of new glasses requires a

little amount of luck, some fancy and also stubborness. With

these rules, new glasses will surely appear in the future.
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ThF4 AND LiF-BASED FLUORIDE GLASSES

Michel POULAIN and Marcel POULAIN

Universitd de Rennes - Campus de Beaulieu

Laboratoire de Chimie Min~rale D, Laboratoire AssociA au C.N.R.S.

n° 254, Avenue du Gdndral Leclerc, 35042 Rennes Cddex (France)

INTRODUCTION

The first stable fluorozirconate glasses included

thorium fluoride (1) and since that time numerous fluoride glass

systems including ThF 4 have been investigated (2 - 5). In most

cases, ThF4 was associated with other vitrifying fluorides such

as AlF 3 or ZnF2. This paper is centered upon combinations of

ThF4 with alkali and earth alkali fluorides.

1. THE TERNARY SYSTEM ThF4-LiF-BaF2

Glass formation was studied using an experimental
procedure which has been described elsewhere (2). Thorium was

introduced as ThO2 with an excess of NH4HF2 as fluorinating rea-

gent. The limits of the glass forming area are shown in the fi-

gure 1. A central composition is Th 0.3Li 0.6Ba0.1F 2 and a binary

glass Th0 .3 Li0 .7F1.9 is observed. With convenient starting mate-

rials, sample of 3 mm in thickness may be prepared in the terna-

ry range.

2. OTHER GLASS FORMING SYSTEMS

Various experiments were carried out in systems ex-

cluding BaF2, such as ThF 4-NaF-LiF, ThF 4-LiF-KF and the quater-

dm -



nary ThF4-LiF-NaF-KF. The results are shown in figures 2 and 3.

Most glasses can be prepared only by fast cooling between two

metallic plates. Full lines indicate the most stable compositions.
Other fluorides were included in the glass in order

to help glass formation, as reported in table I. Despite the high

alkali content i glass samples are stable at room atmosphere

and the Th-Li-Ba glass (TLB-3) does not display any surface chan-

ge or significant weight loss after 24 hours in water at 200 C.

3. GLASS PROPERTIES

Characteristic temperatures were measured by diffe-

rential scanning calorimetry (D.S.C. DU PONT 1090). Glass tran-

sition usually occurs between 200 and 250 ° C, and melting around

5000 C. Several values of density and refractive index were mea-

sured (table II).

The infrared transmission of a ternary glass TLB-3

is shown in figure 4. The position of the multiphonon absorption

edge is intermediate between that of fluoroaluminate and that

of fluorozirconate glasses, in agreement with the prediction

of C.T. Moynihan and M.G. Drexhage (6). A classical OH-band is

observed at 3 pm. The U.V. transmission is improved by compari-

son with fluorozirconate glasses. Depending on the thickness and

the material purity (Fe, Cr...), some transmission below 200 nm

must be observed.

4. DISCUSSION

At first glance, glass formation in ThF4-based sys-

tems seems to be logical, as thorium shows numerous chemical simi-

larities with zirconium and hafnium, which are good fluoride vi-

trifiers. However, the molar composition ranges differ substan-

tially, and until now, the most stable glasses have not included

more than 30 % ThF4. Thereofre, a description based on the clas-



sical network model implies numerous discontinuities in the tri-

dimensional development of the thorium-based network. For exem-

ple, in (Th0.3Ba 0 .1Li 0 .6)F2 glass, the average number of unshared

corners is 5.33 if we assume an 8-fold coordination of Th, and

4.33 with a coordination number of 9. For lower concentrations

in Th, such as in Th0 .2Li 0 .4Na0. 4F1 .6 glass, there is a good pro-

bability of the occurrence of discrete units ThF8 or ThF 9. There-

fore, it seems more convenient to use an ionic model as the basis

for description of these glasses, as suggested previously. The

anion array causes a non periodic packing, in which the cations

are randomly inserted at sites corresponding to their usual crys-

tal -chemistry. In this way, these fluoride glasses show some

similarities with metallic glasses, which are described as ran-

dom packing of hard or soft spheres. Alkali fluoride glasses have

also been reported in ZnF2 -MF systems at only 10 - 20 % ZnF 2 (7)

and, like some ThF4-MF glasses, they may be considered as resul-

ting from the disordering of the NaCl-type structure.

From a structural point of view, the incorporation

of ThF 4 in glass composition leads to an increase of the anion

to cation ration which is a condition for constructing an ape-

riodic structure. Moreover, according to the well known "confu-

sion principle", the mixing of cations displaying different

ionic charges and radii makes the atomic rearrangements more

difficult and frustrates a crystalline structure. This probably

results from the relatively favourable electrostatic energy of

the disordered ionic configurations.

The recent discovery of ThCl 4-based glasses (8) sug-

gests that mixed halide glasses could be synthesized from nume-

rous systems which include thorium, in the same was as chlorine

may be included in fairly large amounts in ZrF 4-based glasses (9).
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TABLE I

G&ta, 6ompo,6itiona (iZn mote %)

Ref. 'Ih" 4  LiF NaF KF BaF Carl M F Y r 3

TNO 20 80

TLO 30 70

TLN2 20 40 40

TLK2 20 40 40

TLB3 30 60 . 10

TLNKZ 20 30 40 10

TLN*1 30 So 7 7 3 3

TLN*2 30 so 10 7 3

TLN*3 30 45 10 3 7 1 1 3

TLNB1 20 36 36 8

TLNB2 20 34 38 8

TLN*6 20 30 30 10 7 3

TL*4 30 60 5 2 1 2

TABLE II

Gta415 chatactvrZ6-tZ4

Ref. TG Tc TM n D d

TNO 242 333 564

TL0 249 284 538

TLN2 200 277 513

TLK2 295 332 490

TLB3 256 310 560 1.4945 5.29

TLNK2 173 197 505 1.425 3.78

TLN.I 248 327 518 1.483 5.32

TLN*2 250 329 503 1.4895 5.35

TLN*3 261 348 504 1.4895 5.30

TL*4 262 341 526 1.493 5.38

TLN*6 209 235 465 1.442 4.59

TLNB2 210 233 510 1.442 4.68

TLNBI 213 246 500 1.445 4.75
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Magneto-Optic Effect in Pure and Nd Doped BeF2 Based

Glasses

L.D. Pye, S.C. Cherukuri and I. Joseph

N.Y.S. College of Ceramics at Alfred University,

Alfred, NY 14802.

EXTENDED ABSTRACT

Magnetic field induced circular birefringence is called

Faraday rotation. It is esscitially a linear uagneto-optic effect

in which the off-diagonal elements of the dielectric tensor are

1
affected resulting in optical activity of an isotropic medium

The angle of rotation of linearly polarized light wave is given

2
by the following equation

9 = VLH.s

where L is the length of the medium .n meters, H is the applied

magnetic field in tesias, s is a unit vector in the direction of

propagation and 9 is the angle of rotation in radians. V is a

constant of proportionality which is known as the Verdet constant

and is expressed in the units of radians/tesla.meter. By conven-

tion, V is considered to be positive for diamagnetic rotation

and negative for paramagnetic rotation.

In this work, Faraday effect was studied for a pure BeF 2

glass (sample: B815) and also a mixed fluoride glass containing

BeF2 , A1F3, KF and CaF with varying concentrations of NDF
2 -1- 3
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(B415, B416 and B419). Compositions of these glasses are shown

in Table I. An excellent review of the preparation, properties

3
and applications of these glasses was given by Cline and Weber

Table I. Compositions of the glasses used in this work

Glass BeF 2  AIF 3  KF CaF 2  NdF 3

B815 100 - - -

B415 47 10 27 16 -

B416 47 10 27 15 1

B419 47 10 27 13 3

* values _n mole%

The Verdet constant c' the pure BeF glass was found to2

be 2.01 radians/tesla.meter, which is probably the lowest or one

of the lowest of all diamagnetic Verdet constants of both oxide

and non-oxide glasses. The variation of the Verdet constant with

the concentration of NdF in the mixed fluoride glass is shown3

in Fig. 1. It is evident from Fig. 1 that very little concentra-

20
tion of NdF (1.8 mol% or 5.06 x 10 ions/cc of Nd) is needed3

for the paramagnetic contribution to nullify the diamagnetic

-2-
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rotation leading to a zero-rotation glass. Several compositions

of such zero-rotation glasses were reported earlier by Cherukuri

4 5
and Pye in germanate and fluoride glass systems.

Wavelength variation of the Verdet constant for these

glasses is shown in Fig. 2. It is noticed from Fig. 2 that

pure BeF glass has a stronger wavelength dependence than2

B415 or B419 glasses.
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Energy Transfer between Manganese(II) and Erbium(III) in a

Gallium Lead Fluoride Glass

R.REISFELD and E.GREENBERG,

Department of Inorganic and Analytical Chemistry,

Hebrew University,Jerusalem,Israel 91905,

C.JACOBONI and R.DE PAPE,

Laboratoire des Fluorures et Oxyfluorures Ioniques,

Universitd du Maine,F-72017 Le Mans Cedex,France,

and C.K.J0RGENSEN,

D6partement de Chimie min4rale,analytique et appliqu6e,

Universitd de Gen~ve,CH 1211 Geneva 4,Switzerland.

The luminescence yields of both the lowest quartet state of 3d
5

Mn(II) and the fourth and fifth excited J-levels 4F9/2 and 4S3/2

(emitting at 550 nm) of 4f 11 Er(III) are unusually high in fluoride

glasses(corresponding to only weak competition by non-radiative

de-excitation).The decay is not exponential,but the mean life-time

0.06 ms of 4 S3/2 is decreased to 0.01 ms in presence of Mn(II),

providing a broader emission at 630 nm.4F emitting at 668 nm9/2 eitn t68n

(life-time 0.08 ms shortened by Mn to. 0.025 ms) is below the lowest

Stokes threshold of any Mn(II) site,but can be efficiently fed by

the long-lived quartet(1.4 ms without erbium present) with the result

that 668 nm emission of a mixed sample has a short-lived,intense

component(much weaker by 370 nm excitation in the absence of manganese)

and a weak,long-lived emission paid back by Mn(II) storing the energy.

Other results of mutual energy transfer and cascading-down are

observed by excitation below 400 nm~and the probability of mutual

energy transfer theoretically evaluated.



FIG.1.Absorption spectrum due to manganese(II) in the glass C with

molar composition 36 PbF 2 :24 MnF2 :35 GaF 3 :5 Al(PO 3 ) 3 :2 LaF 3

measured at 250C.

FIG.2.Excitation spectra of manganese(II) emission at 626 nm.

Curve(a): glass C.Curve(b): glass D where the 2 mole% LaF 3 of C is

replaced by ErF3 .Measured at 27*C.

FIG.3.Fluorescence spectra of various glasses.Curve(a): Glass C excited

at the Mn(II) peak at 395 nm.Curve(b): Glass F excited at the Er(III)

peak at 370 nm.Curve(c): Glass D excited at the Mn(II) peak at 395 nnm

Curve(d): Glass D excited at the Er(III) peak at 370 nm.Curve(e):

Glass D excited at the Mn(II) peak at 480 nm.The sensitivity used fox

curves (c),(d) and (e) are all 10 times higher than the sensitivity

used for curves (a) and (b).Measured at 270C.

FIG.4.Absorption spectra due to erbium(III).Curve(a): Glass D measured

against the erbium-free glass C as reference,with the intention of

compensating the absorption due to manganese.Dashed curve(b): Glass F

containing no manganese.Measured at 25*C.

FIG.5.Excitation spectra of erbium(III) emission in the manganese-freo

glass F.The full curve(a) is monitored for fluorescence at 543 nm.The

dashed curve(b) is monitored at 666 nm,using 20 times higher

sensitivity than for curve(a).Measured at 27*C.

FIG.6.Major radiative(thick vertical arrows for strong fluorescence)

and non-radiative(wavy arrows) processes in a fluoride glass doped

with Er(III) alone(to the left) or both Er(III) and Mn(II) (to the ri4ht).
11

The symbols of atomic spectra indicate J-levels of the 4f system
6 4 5

erbium(III) and the terms S and G of 3d manganese(II).The group-

theoretical symbols 4" indicate quartet states belonging to Mn(II) on

(probably inequivalent) sites of undetermined point-group symmetry.

Energy transfer (e.t.) shown as stipled slopes.

FIG.7.Emission spectra of Mn(II) and Er(III) in glass D under (a):

excitation at 395 nm,(b):excitation at 463 nm,and (c):excitation

at 520 nm.
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SYNTHESIS OF HIGH PURITY STARTING MATERIALS

FOR HEAVY METAL FLUORIDE GLASSES
+

M. Robinson

Hughes Research Laboratories
Malibu, California 90265, USA

A problem common to all fluoride materials is their inherent

lack of high purity, especially with regard to the anion. For the

preparation of low loss optic fibers and highly transparent IR

optical components, a high overall purity of all glass components

is a prerequisite. Purification methods are being studied to

significantly reduce anion, cation and carbon type impurities typically

present in ZrF and HfF based glasses. Recently, Mitachi and
41 4

Miyashita reported perhaps the lowest measured loss (21 db/km at

2.55 um) thus far achieved from a ZrF4:BaF :GdF :AlF (ZBGA) glass.

From their data, one sees that large losses result from residual

impurities such as OH and ions of Fe, Cu, and Ni.

This paper describes the purification techniques of selected

glass components specifically in relation to the removal of oxyanion

3+
impurities (OH, 0= and OF-) and transition ions such as Fe

Carbon impurities are effectively removed by heating individual

starting materials (oxides or fluorides) in a dry oxygen atmosphere

at 1000 0 C. The reactive atmosphere process for the preparation

+This work is sponsored in part by the Naval Research Laboratories

as Contract N00014-83-C-2097.

1S. Mitachi and T. Miyashita, Elect. Lett., 18, 170 (1982).

p.. . I.
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of OH free BaF2 and LaF 3 utilizing HF(g) and CF4  is described.
(g) 4(g)

Figure 1 shows the IR transmission spectrum of Bridgman grown BaF 2

single crystals. Crystals were grown in either He-HF atmosphere or

a He-HF-CF atmosphere. Absorption bands in the IR from undefined

impurities are not readily removed by processing and growth of BaF 2

at its melting point (1350°C) in HF/He as shown in Fig. la.

However, a prolonged HF soak at 15500C greatly reduces all of the

indicated absorption peaks. The soaking period is reduced if the

secondary RAP gas CF4 is used. Figure lb gives the spectrum of a

BaF2 crystal grown in an atmosphere consisting of HF, He, and CF4.

The results of an impurity analysis on ZrF 4 derived from

reactive atmosphere sublimation will be given, and the sublimation

process described and evaluated. Table 1 gives some preliminary

analytical results for Fe in various ZrF 4 specimens, and vitreous

carbon.



Table 1

IRON ANALYSIS - ZrF 4

Fe (PPM) Method

BDH (as received, special grade) 4 ZAA

BDH (sublimed in HF) 1.5 ZAA

BDH (sublimation residue) 1900 ESA

CERAC (99.5% purity) 320 ESA

CERAC (99.5% purity - sublimed -100* ESA
in HF)

CERAC (99.5% purity-sublima- 11000 ESA
tion residue)

Vitreous carbon crucible 10 ZAA

ZAA = Zeeman Atomic Absorption

ESA = Emission Spectrographic Analysis

* 100 PPM is the limit of detectability for Fe in ZrF 4 by ESA
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THREE LOSS MECHANISMS IN HALIDE GLASS FIBERS

Herbert B. Rosenstock*
Naval Research Laboratory

Washington, DC 20375

As scattering1 and absorption 2 of halide glasses are reduced, other

optical effects limiting communication distance 'in fibers should be

considered. The index of refraction n, and hence the propagation velocity

varies with frequency v,

n(v) = n + n' AV + n" (Av)2

(where Av = v-vo and ' denotes derivative); this causes pulse spread for at

least three different reasons: (a) frequency spread may be present in the

original light source,3,4 it is caused by (b) chopping "monochromatic" light

into pulses initially 4 and (c) can arise later from frequency shifts due to

Raman effect.
5

(a) Two frequencies vo and v that start at the same time,

will, according to (1), arrive at point L at times L n'av/c apart; the

(theoretically) simple solution is the use of a spectrally pure source (small

Av).

(b) This possibility disappears if short pulses, which introduce a broad

spectrum of frequencies, are used for modulation. We have studied this effect

for different pulse shapes, obtaining explicit results for square as well as

Gaussian pulses. The main result is a quadratic dependence L = aT2 of the

attainable propagation distance L on the initial pulse width T; for the few

halide glasses or which n(v) data exist, an initial pulsewidth of I nanosecond

leads to substantial spread within several thousand km. The dependence of

pulse spread on n"3 ,6 and n'4,7 about which divergent statements appear in the

literature, is analyzed.

---------------------



(c) By contrast, stimulated Raman effect can be discussed in terms of two

lengths, La = A/g P and Ls = c T/i0 n' Av, where A, g, P, c, and Av are,

respectively, cross-sectional area, Raman gain coefficient, beam power, speed

of light, and the Raman frequency shift. La is then the distance required for

amplification to take place, while Ls is the distance in which the shifted

frequency separates from the pulse, thus elimindting further amplification.

The effect cannot occur if the latter is smaller. Ls again depends on the

pulse width, though linearly. Thus, contrary to the trend in effect (b), this

one can be eliminated, by reducing the pulse width.

1. D.C. Tran, G.H. Sigel, Jr., K.H. Levin, R.J. Ginther, Electron. Lett. 18,
1046 (1982).

2. M. Drexhage, B. Bendow, R.B. Brown, P.K. Banerjee, H.S. Lipson, G.
Fonteneau, J. Lucas, C.T. Moynihan, Appl. Optics 2L, 971 (1982).

3. D. Gloge, A.J. Marcatili, D. Marcuse, S.D. Personick, Ch. 4 in "Optical
Fiber Communications," S.E. Miller and A.G. Chynoweth, eds. (Academic
Press, New York, 1979).

4. D. Marcuse, Appl. Optics 19, 1653 (1980).
5. R.H. Storen, Ch. 5 in Ref-.3.
6. J.E. Midwinter, "Optical Fibers for Transmission," (Wiley, New York,
1 1979), p. 78.

7. T. Okoshi, "Optical Fibers," (Academic Press, New York), p. 73.

* Sachs Freeman Associates, Bowie, Md.
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Thermal Conductivity of Some Halide Glasses

H.H. Sample and Kathryn A. McCarthy*

Physics Department, Tufts University, Medford, MA

The thermal conductivities of three fluorozirconate glasses I have been

measured in the 1.5-100 K temperature range. The measurements were carried

out utilizing the steady-state method, in a cryostat previously described 2 .

To our knowledge the only other such measurements on fluoride glasses is that

of Guckelsberger and Lasiaunias3 on vitreous BeF 2 .

The thermal conductivities K(T) for the three glass specimens are shown

in Fig. 1, along with the compositions (mole %) of the samples. These glasses

exhibit the typical temperature dependence 4 of K(T) for amorphous materials:

with increasing temperature, the thermal conductivity increases until at

temperatures (1 10 K) a "plateau" region is reached; at somewhat higher

temporatures C~ 40 K) the thermal conductivity again Increases slowly with

temperature. It should be noted that in the temperature range 1.5 K to the

onset of the plateau, the thermal conductivity does not appear to be a

function of chemical composition, as expected. In the plateau region, the

ZHLAN glass has a slightly lower conductivity than do the other two glasses.

A universally accepted explanation of the plateau region does not yet exist,

although the tunneling sites models 5 extended by Zaitlin and Anderson6 give

reasonable fits for the silicate glasses. It is expected that the plateau

region in the fluorozirconate glasses can also he fitted by this model.

*The authors acknowledge support received from the Tufts University Faculty

Research Fund.
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1. The authors are grateful to D.C. Tran and G.R. Sigel, Jr., of the Naval
Research Laboratory, and to M.G. Drexhage of RADC for providing the
fluoride glass samples.

2. R.A. Kashnow and K.A. McCarthy, J. Phys. Chem. Solids 30, 813 (1969);
M. Jirmanus, K.A. McCarthy, H.H. Sample and J. Bulman Tunpublished).

3. K. Guckelsberger and J.C. Lasjaunais, Comptes Rendus Hebd. Sean. Acad.
Sci. 270, 1427 (1970). The K vs T of BeF 2 exhibits a slight shoulder,
but not a distinct plateau. See, A.J. Leadbetter, A.P. Jeapes, C.G.
Waterfield and R. Maynard, J. Physique 38, 95 (1977).

4. See, for example, R. Berman, Thermal Conduction in Solids, (Clarendon
Press, Oxford, 1976), Chapter 9, and A.C. Anderson: in Amorphous Solids,
ed. by W.A. Phillips (Springer-Verlag, Berlin, 1981), Chapter 5.

5. P.W. Anderson, B.I. Halperin, and C.M. Varma, Phil. Mag. 25, 1(1972);
W.A. Phillips, J. Low Temp. Phys. 7, 351 (1972).

6. M.P. Zaitlin and A.C. Anderson, Phys. Rev. B12, 4475 (1975) and Phys.
Stat. Sol.(b) 71, 323 (1975). See also, D.P. Jones, N. Thomas, and
W.4. Phillips, in Phonon Scattering in Condensed Matter: ed. H.J. Maris
(Plenum, New York, 1980)p. 49 for the effect of Rayleigh scattering.
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Light Scattering in Fluoride Glasses*

John Schroeder
Department of Physics

Rensselaer Polytechnic Institute
Troy, N.Y. 12181

INTRODUCTION

Heavy metal fluoride glasses are a recently synthesized class

of non-oxide amorphous materials whose molecular structure, morph-

ology and optical behavior is at variance from the more common and

conventional oxide based glasses.( I) The compositional flexibility

of these heavy metal fluoride glasses is such that glasses with a

broad range of optical transmission, refractive index and magneto-

optic characteristics can be produced.

Considerable work has been devoted recently in the preparation

and characterization of these multicomponent heavy metal fluoride

glasses, especially fluorozirconates(2 ) and fluorohafnates ( 3 ) where

the network formers are ZrF4 and HfF4, respectively, with modifiers

being BaF2 and fluorides of rare earths, group-III elements or

alkalies. These glasses exhibit high transparency over a frequency

range spanning the mid IR to the near UV. This property alone makes

them possible candidates for a wide variety of applications ranging

from laser windows, infra-red transmitting windows to infra-red

fiber optics.

Attenuation of light in a glass is brought about by several

mechanisms. Fortunately, the different mechanisms may be isolated

since they are not of equal magnitude at the same wavelength of the

exciting light. Rayleigh scattering seems to dominate below 2000 nm.

.This work is supported by A.F. Contract No. F19628-83-C-0016
from Rome Air Development Center (AFSC), Hanscom AFB, Mass.
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At longer wavelengths, absorption features, for example those of

the OH ion dominate, and beyond 5000 nm multi-phonon absorption

is many orders of magnitude larger than the Rayleigh scattering

or the OH- absorption. Hence, it is most important to understand

the basic Rayleigh scattering behavior of a glass if we wish to

make predictions about its attenuation up to about 6000 nm and

be able to reduce the scattering losses such that a fluoride

glass could be employed as a suitable material for fiber optic

applications in the near infra-red regime.

THEORETICAL BACKGROUND

Rayleigh scattering in dense disordered materials is brought

about due to microscopic fluctuations in the dielectric suscepti-

bility about its equilibrium value. Consequently, the intensity

of the scattered light is given by X[e) c( e> where<'aIF>

is the k-th component of the mean square fluctuations of the

dielectric constant.

For a binary component glass or quasi-binary glass it follows

(4i,5)
that(Q

where the entire scattering problem can be described by four quan-

tities; namely, the mean square fluctuations of density and con-

centration, and the gradients of the dielectric susceptibility

with respect to density and also concentration. Hence, the above

equation shows that the scattering can be minimized if any of these

components can be reduced or made to approach zero.

"."W
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The nature of < 5 and <ACK> will be discussed in light

of certain thermodynamic models based on possible structural models

of these new fluoride glasses.

METHOD OF MEASUREMENT

In this letter we report the results of investigations con-

cerning Rayleigh-Brillouin scattering in these heavy metal fluor-

ide glasses, in order to provide detailed information about scat-

tering losses and also to provide for the first time measurements

of the elastooptic and elastic properties of these materials.

The methods employed to obtain the Rayleigh-Brillouin spec-

tra of the heavy metal fluoride glasses are laser excitation

(Argon-ion) operating at 488 nm coupled to a multi-pass high

contrast Fabry-Perot interferometer with a photon counting detec-

tion system and associated data handling electronics. A compre-

hensive schematic of this equipment will be found in Figure 1.

The glass samples employed for these measurements were prepared

at our laboratories utilizing techniques described elsewhere.i)

The primary quantities that are measured in this study are the

Landau-Placzek ratio (a normalized Rayleigh intensity), the

Brillouin intensities and the shift of the Brillouin lines.

RESULTS AND DISCUSSION

Table I summarizes the constituents of the seventeen fluoride

glass samples used in this study and identifies each glass.

Table Ila shows the results of the scattering loss measurements

made at 488 nm, in terms of the Landau-Placzek ratio, for the



-4-

heavy metal fluoride glasses. The Landau-Placzek ratio of SiO 2

is also given for comparison purposes. One should note that

some of the fluoride glasses show a scattering loss that is

about equal or even less than the pure SiO 2 sample. For some

of the fluoride glass samples the scattering loss in dB/km is

also given.

Table IIb and Table IIc summarize the elastic properties of

some of the fluoride glass samples. In addition Table IIb con-

tains some Verdet constants calculated from Faraday rotation

measurements at two wavelengths. Table IIc gives Poisson's

ratio for several of the fluoride glass samples and the measured

value of Poisson's ratio of ^- 0.25 indicates that these glasses

have a much more elastic structure (softer lattice) than the pure

SiO 2 sample. The sound velocities also give an indication that

in the fluoride glasses we are dealing with a less rigid lattice

than in a typical silicate glass. The elastic constants of the

fluoride glasses are of comparable size to the SiO 2 sample C11

and that is primarily caused by the much greater densities of

the fluoride compared to the silicate glass.

The Pockels' elastooptic coefficients are summarized in

Figure 2. Here the P1 2 of the fluoride glasses show at most a

linear dependence with refractive index. This is in contrast to

a binary sodium-silicate glass that shows a higher order functional

dependence of PI2 on refractive index. P4 changes extremely

slowly as the refractive index changes, again atypical when

compared with a silicate glass. (6 )
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CONCLUSION

1. Suc;, ssfully measured the intensity and spectral distribution

of the various heavy metal fluoride glasses.

2. Some of the heavy metal fluoride glasses exhibit less Rayleigh

scattering than the best SiO 2 glass.

3. The relatively low value of the transverse Brillouin shifts for

the fluoride glasses are due to the higher coordination number of this

material compared to oxide glasses. The high coordination number

inhibits transverse vibrations in fluorides that norm lly dominate

the elastic behavior of tetrahedrally coordinated glasses.

4. Multiple scattering is the predominant extrinsic scattering

mechanism.

5. On the basis of W-jscaling, some heavy metal fluoride glasses

with low Rayleigh scattering losses are prime optical wave guide

material for the near infra-red regime.
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TABLE I

Selected Heavy-metal Fluoride Glass
Compositions in Mole %

Glass # ZrF 4  BaF2  LaF3  AlF 3  HfF4  PrF4  HoF 3  EuF 3  NaF

ZBLA-139 57 36 3 4 .....

ZBLA-129 57 36 3 4 -...

HBLA-153 - 36 3 4 57 ....

HBLA-148 - 36 3 4 57 -..

ZBLA-131 57 34 3 4 - 2 - - -

ZBLAH-144 57 34 3 4 - - 2 - -

ZBLAEu-147 57 34 3 4 - - - 2 -

HBLAP-286 - 34 3 4 57 2 - - -

HBLAH-287 - 34 3 4 57 - 2 - -

HBLAEu-240 - 34 3 4 57 - - 2 -

ZBLAN-428 55°7 14.4 5.8 4 - - 20.1

Glass # BaF 2  NaF AlF 3  HoF 3  ZuF 2  LaF3  ThF 4  YbF 3  MnF 2  D, 3

BZLT-268 19 - - - 27 27 27 -.

BZYbT-265 19 - - - 27 - 27 27 -

BMDNT-357 9.5 5 - - - 38 - 38 9.5

BMAYT-384 8.5 - 5 - - - 34 10 42.5 -

BMHT-335 10 - - 8 - - 40 - 42.0 -

BMYT-382 9 - - - - 36 10 45.0 -



TABLE lla

Landau-Placzek Ratio and Scattering Attenuation
Coefficients for Heavy Metal Fluoride Glasses at 488 nm and at 300 K

Glass # Landau-Placzek Ratio Scattering Loss
(dB/km)

ZBLA-139 22.1 4.00

ZBLA-129 838.0 195

HBLA-153 26.7 10.94

HBLA-148 78.8 33.00

ZBLAP-131 201 -

ZBLAH-144 341 -
ZBLAEu-147 36.4 8.00
HBLAP-286 2112 -
HBLAH-287 2059 -

HBLAEu-240 543 -

ZBLAN-428 16.9 -

BZLT-268 549 87.6

BZYbT-265 1276 -

BMDNT-357 44.5 13.5
BMAYT- 384 147 12.4

BMHT-335 11690 -

BMYT-382 1098 -
Si02  21.9 11.6

- ... - - " - .



TABLE lIb

Longitudinal Sound Velocity, Elastic Constant (C,)
and the Verdet Constants for Some Selected Heavy

Metal Fluoride Glasses

Glass # VL(m/s) C1l(GPa) Verdet Constant (min/cmG)
(442 nm) (632.8 nm)

ZBLA-139 4026 74.7 0.0137 0.0073

ZBLA-129 4231 82.5 0.0161 0.0071

HBLA-153 3615 76.9 0.0145 0.0059

BHLA-148 3680 79.6 0.0134 0.0098

ZBLAEu-147 4218 82.0 0.0146 0.0061

BZLT-268 3707 88.6 0.0302 .0114

BMDNT-357 4090 107.9 -0.0519 -0.0143

BMAYT-384 4175 112.4 0°0048 0.0121

TABLE Ic

Sound Velocities (Longitudinal and Transverse)
Elastic Constants (C PC ) and Poisson's Ratio (0()
of Some Selected Hea4j M al Fluoride Glasses and SiO 2

Glass # VL (m/s) VT(m/s) ClI(GPa) C44 (GPa)

ZBLA-139 4026 2333 74.7 25.1 0.250

ZBLAEu-147 4218 2384 82.0 26.2 0.265

Fluorozirconate* 3980 - 76.1 23.2 0.279

SiO2  5944.2 3748.7 79.0 30.97 0.166

58ZrF4 .34BaF2 .8ThF 4 (Ultrasonic Data)

Froms M.P. Brassington et al.
Mat. Res. Bull. 16, 613 (1981)
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HEAVY METAL FLUORIDE GLASSES AS MID- IR LASER MATERIALS
W. A. Sibley and M. D. Shinn
Oklahoma State University

Stillwater, Oklahoma

This paper concerns the optical absorption, emission and excitation spectra
for Erbium and Holmium ions in fluorozirconate glass. Fluorozirconate glass
is a heavy metal fluoride glass which is highly transparent from .3 to 6.0
microns. It is relatively easy to prepare and can be doped with rare earth
fluorides or 3d transition metal fluorides without the need of charge
compensation. There are a number of promising potential applications of this
material in the laser and optical fiber communication industries. The optical
properties of rare earth ions such as Er 3 + and Ho 3 + have been extensively

studied. 1-7 IThe purpose of this paper is to present data on the optical
properties of Er 3 + and Ho3+ ions in fluorozirconate glass. Broad band
excitation is employed which means the observed optical properties are the
sum of the transitions of the individual ions in the various sites within the
glass. Special consideration will be iven the radiative and non-radiative
rates of transitions. Judd and Ofelt have shown that by using simplifying
assumptions the probabilities of forced electric dipole transitions can be
expressed as the sum of a small number of phenomenological parameters.
These parameters can be determined by a best fit of calculated and observed
oscillator strengths and can then be used to find the electric dipole
contribution to the total spontaneous emission probabilities. Numerous
authors 4-6 have found in the past that this approach is effective for
determining the probability of non-radiative transitions. This probability can
in turn be used to evaluate the usefulness of the heavy metal glass as a host
for possible laser use. The Judd-Ofelt theory has been used extensively to
predict radiative rates of transitions for rare earth ions in crystals, glasses or
solutions. We investigate the reliability of the Judd-Ofelt predictions by
extensive temperature dependent lifetime measurements. Room temperature
lifetime measurements are found to be representative of the radiative rate
only when the number of phonons required for the non-radiative transition is
ten or greater. This investigation uses measurements of low temperature
lifetimes to confirm the predictions of Judd-Ofelt theory for Er 3 + ions. The
differences between the calculated and measured rates are within the
accuracy of the predicted rates or can be accounted for by multiphonon
emission. The low temperature value of the multiphonon emission rate and
the temperature dependence can be described by the configuration coordinate
model of Huang and Rhys. This model predicts essentially the same values as
those found with the often used single phonon model. The agreement is best
at the higher temperatures. The method developed by Flaherty and
DiBartolo7 for the determination of radiative and non-radiative rates of Er 3 +

and MnF 2 was used and found to agree with the Judd-Ofelt predicted rates
within the accuracy of the methods. The Flaherty-DiBartolo method was
found to be highly sensitive to the accuracy of the data used. It can only be



applied with confidence or adjacent emitting states. These conditions limit
its applicability. Our results indicate the optical properties for Er3 + and Ho 3 +

doped fluorozirconate glasses are similar to those for Er 3 + doped crystals.
The emission lifetimes are close to single expenditial even under broad band
excitation. The absorption and emission bands are relatively narrow when
compared to similar bands in oxide glasses. The observed multiphonon
emission rates are lower than the rates observed in germinate or tellurite
glass. If time permits, the radiation damage aspects of the fluorozirconate
glasses will also be discussed.

1. B.R. Judd, Phys. Rev. 127, 750 (1962).

2. G.S. Ofelt, J. Chem. Phys. 37, 511 (1962).

3. G.H. Dieke, Spectra and Energy Levels of Rare-Earth Ions in Crystals
(Interscience, New York, 1968).

4. M.J. Weber, Phys. Rev. 157, 231 and 262 (1967) and Phys. Rev. B8, 47
(1973).

5. W.F. Krupke, Phys. Rev. 145, 325 (1966).

6. R. Reisfeld, G. Katz, N. Spector, C.K. Jorgensen, C. Jacoboni and R.
DePape, J. Solid State Chem. 41, 253 (1982).

7. J.M. Flaherty and R. DiBartolo, J. Lumin 8, 51 (1973).
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CHEMICAL DURABILITY STUDIES

OF HEAVY METAL FLUORIDE GLASSES

by

Catherine J. Simmons, Saied Azali and Joseph H. Simmons

Catholic University of America

Washington, D. C. 20064

This presentation covers several studies related to the

chemical durability (ie. corrosion resistance) of a variety of

fluoride glasses, shown in Table 1.

Table 1: COMPOSITION

(mole %)

GROUP I

ZrF4  BaF2  LaF3  AIF3  LiF NaF PbF2 Source

ZBL 62 33 5 ..... ..... ..... .....

ZBLA 58 33 5 4 ..... ..... ..... R.P.I.

ZBLAN 54.0 15.0 6.0 4.0 ..... 21.0 .....

ZBLAL 51.8 20.0 5.3 3.3 19.6 ..... .....

ZBLALP-1 50.2 19.3 5.1 3.1 18.9 ..... 3.4 N.R.L.

ZBLALP-2 50.4 15.5 4.9 3.1 20.2 ..... 4.9

GROUP I

BaF2  ZnF2  LuF3  YbF3  ThF4  NsF Source

BZLT 19 27 27 ..... 27 ..... R.A.D.C

BZYbT 19 27 27 27
S0 7R.P.I.
B ZYbTN 10 27 ... 27 27 9
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I. Resistance to Aqueous Attack:

A. Composition Study

All glasses were immersed in deionized water at 25 C to

determine their leach rates as a function of time. Chemical

analyses of the leaching solutions showed that, within each fam-

ily of glasses, the leach rates observed were virtually identi-

cal, regardless of variations in composition. However, the

results show a distinct difference between the Zr/Hf based

glasses and those based on Th-Ba, with the latter exhibiting an

improvement in leach resistance of 50-100 times. (See Figs. 1

and 2 for leach data of individual components of BZYbT and

BZYbTN glasses, Fig. 3 for leach data of individual components

of ZBLAL, and Fig. 4 for a general comparison between the 2 fam-

ilies of halide glasses with well-known silicate glasses.)

Whereas the Zr/Hf glasses had developed a thick, hydrated sur-

face layer, overlayed by a crystalline crust, and were quite

opaque after 5 days of exposure, the Th-Ba glasses appeared to

have suffered much less damage and were still fairly transpar-

ent. The thickness of these crusts was determined by SEM to be

150 um for the Group I glasses and - 2-3 um for the Group II

glasses. This ratio is in good agreement with the leach rate

data (Table 2).

Weight loss was measured for all samples and, when compared

with solution analysis, proved to be up to 15% too low in esti-

mating the leach rates due to hydration during leaching.

4 ----~*----.-- *
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B. pH Effects

One composition (ZBLAL) was selected for study in a variety

of solutions at different pH values. Results show an increase

in leach rate of approximately 10 times at pH 2 as compared with

deionized water at pH 5.7. In more alkaline solutions (pH

10-11) the Zr leach rate drops due to the formation of insoluble

hydroxides and, although the other components continue to leach,

the rate decreases sharply with time. This appears to be caused

by the formation of a protective Zr(OH) 4 barrier on the surface.

C. Powdered-vs-Bulk Samples

Two samples of ZBLAL glass, one powdered and one in the

form of a polished rectangular parallelpiped, were leached to

determine the validity of powder test results. The surface

areas were calculated to be identical initially. Leach rates

were comparable for thp first 4 hours. However, this was fol-

lowed by a steady decline in powder sample rates as the surface

area decreased. At the end of 4 days, the leach rates for the

powder samples were 1/10 those of the bulk sample. The results

of this study strongly suggest that powder samples should be

used only for very short term testing (ie. 4 4hrs.) when leach-

ing non-durable glasses such as these.

II. Humidity Effects:

Infrared transmittance spectra were obtained from a ZBLAL

polished sample before, midway through, and after exposure to

100% relative humidity at 80 C for 7 days. Care was taken to

maintain the sample at the same temperature in order to avoid

condersation of water vapor. There was no visible damage to the

.Li
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glass over the period of the test, and the IR spectra only

showed a loss in transmittance of -5% centered at 2.85 Um due to

OH- presence.

III. SEM Surface Studies:

The surface topography of leached samples was examined by

scanning electron microscopy. Once again, samples within Group

I or II were very similar to one another in the extent of attack

and type of surfaces formed. Group II (Th-Ba) glasses were

found to be far less damaged by aqueous leaching. Elements con-

tained in the crystal deposits on the surfaces were identified

by x-ray analysis using a wavelength dispersive spectrometer and

are listed in Table 2-

Table 2: Summary of Observations in Composition Study

Type Leach Rate Sample Crust Crystals
g/cm2 day Surface Thickness Identified

Group I 10-2 Opaque 150 jim Zr, Ba, La

Group II 10- 4  Frosted 3 jim Ba, Yb, Th
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DIAMOND-LIKE CARBON COATINGS FOR PROTECTION
OF HALIDE GLASS SURFACES

Martin L. Stein
Stein Associates, 27 Burlington Rd, Bedford, MA 01730

&

SpecTran Corporation, Hall Road, Sturbridge, MA 01566

Arold Green
Naval Weapons Center, China Lake, CA 93555

Bernard Bendow
The BDM Corporation 1801 Randolph St. SE, Albuquerque, NM 87106

Osama El-Bayoumi & Martin G. Drexhage
Solid State Sciences Division, Rome Air Development Center

Hanscom AFB, MA 01731

This report describes the feasibility of using Diamond-Like Carbon (DLC)
coatings for protection of halide glass surfaces.

Recent advances in fluoride glasses and processing technology have
indicated that these materials are suitable for a wide variety of optical
applications requiring low distortion and low loss. While the projected optical
characteristics of fluoride glasses are outstanding, and their intrinsic
strength and hardness is acceptable, the surface of the glass is subject to
corrosion which may compromise the suitability of the glass for many
applications. The susceptibility to corrosion has been observed by many groups,
and several reports have been released describing the attack of fluoride glass
surfaces in aqueous environments.

Corrosion has been reported to occur in fluoride glass fibers and can
produce significant reductions in strength over relatively short time periods in
air. The attack in water is expected to be much more severe, based on the data
of Simmons et al and Fjeldy. Thus the prospects for exploiting the outstanding
potential of fluoride glass optical fibers depends on an effective means of
protecting the surface of the glass from attack.

Diamond-Like Carbon films have been deposited sucessfully for almost two
decades and have been studied intensively as protective hermetic coatings for
sensitive optical surfaces for the last few years, primarily for high power
lasers. However, due to the variability of the deposition techniques and
methods used for evaluation, the suitability of DLC for protection of halide
glasses, chalcogenide glasses, and crystalline materials is unknown.

DLC is typically formed by ion processes such as plasma or ion beam
deposition on suitable substrates (Fig. 1). Attempts at carbon film deposition
by atomic or molecular techniques which do not incorporate charged particles
have typically not produced films with "diamond-like" properties. Consequently,
it appears that film nucleation and growth processes are dependent upon the
kinetic energies provided by incoming ions. Films posessing diamond-like
properties are produced with simultaneous ion bombardment energies ranging from
40 to 100 @V.



The transmission spectrum of Diamond-Like Carbon (Fig. 2.) illustrates the
potential for broadband optical windows. Besides suitable optical properties,
primary requirements for a protective coating are that it serve as a moisture
barrier and provide a chemically inert, hardened environmental surface.
Properties of DLC that have been reported by the authors and others are
summarized in Fig (3). As noted, many properties are a function of the
deposition process and are related to the bombarding ion energies.

While deposition on covalent substrates has resulted in films with good
adhesion, problems had arisen when coating ionic substrates such as alkaline
earth fluorides. A technique has been developed which produces continuous
adherent films on ZBLA Fluoride glasses and Calcium Fluoride. This approach has
resulted in high adhesion coatings 100 to 1000 A thick with good optical
properties. The technique involves modifiying the incoming ion energy so as to
produce a carbon concentration gradient between substrate and coating. The
depth profile is controlled to produce a concentration gradient approximately
100 Angstroms thick as predicted by atomic scattering theory and as measured by
ESCA and Auger spectroscopy. These measurements also indicated that the Carbon
film was relatively pure. A gradually decreasing trace of oxygen was observed
towards the substrate, at which point an increase in oxygen, possibly indicative
of the prior surface, was observed.

The compositional and structural alteration of the zone between coating and
substrate may be regarded as an ion modified surface in which factors such as
radiation damage, sputtering, and implantation also take part in surface
formation as shown in Fig 4. Future work will involve studying the chemical
bonding characteristics, structure, and stochiometry of this zone which we plan
to correlate with the desired physical and optical properties for the intended
applications and materials. An effective coating of this type may find
application for several optical components such as high power laser windows,
domes, canopies and other optical elements where broad band hardened surfaces
are required. DLC coatings have been deposited on-line on silcate fibers and
have sucessfully demonstrated improved hermeticity. It is anticipated that
application of these techniques can be applied to Halide glasses as well.
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" Optically Transparent - Low absorption fra 0.3 to 30 microns.

" Electrically Insulating - ) 1012 Ohm-cm bulk resistivity.

" Chemically Inert - Has not been observed to change properties

when exposed to acids, bases, or organic

solvents.

" Low Optical Scatter - Primarily a function of cleanliness of the

deposition process.

" Hardness - 1800 to 2000 Knoop Hardness

" Refractive Index - Varies between 1.8 and 2.3 dependent on process.

" Composition - Primarily Carbon with 1% to 20 % Hydrogen incorporated

" Structure - Amorphous to polycrystalline, function of process

" Density - 2.0 to 2.36 g/cc, function of process.

FIGURE (3) PROPERTIES OF DIOND-LIKE CARBON
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Effects of NaF Upon the Mechanical
Properties of Fluorozirconate Glasses

A. Tesar, R.C. Bradt and C.G. Pantano
Department of Materials Science and Engineering

The Pennsylvania State University
University Park, PA 16802

There has been a considerable interest in the development of

fluorozirconate glasses over the past few years. Preliminary

indications are that the fracture toughnesses of these glasses are

low and that the glasses are very reactive in the presence of aqueous

environments. Thus, it is to be expected that these glasses may

be very susceptible to stress corrosion phenomena. Obviously, these

properties will limit the utilization of fluoride glasses in optical

and fibre optic applications.

So far, there has not been any detailed nor systematic study

of the fracture and stress corrosion behavior of any fluoride

glasses. Most of the measurements reported to date were carried

out on a few selected compositions. The specimens available for

the studies have been small, and therefore, only a limited number

of mechanical properties could be evaluated.

The primary objective of this study has been to establish the

influence of bulk composition, and systematic changes in structure,

upon the elastic constants, fracture toughness and the stress

corrosion susceptibility. A series of glasses have been prepared

in the system .56ZrF4" (.34-X)BaF 2..06LaF3*.O4AlF 3 XRF where R -

Li, Na, K or Cs, although here, only the glasses with XRF-O, .O5NaF,

.lONaF, and .15NaF are reported and discussed. While the addition

of NaF is shown to reduce the infrared frequency cut-off, it

considerably improves the glass-forming and Lbre-forming characteristics

of the glass. And in a sense, the NaF substitutions represent a

structural probe. Thus, the results should provide insight to those

material characteristics which control the mechanical properties.



The fracture mechanics techniques which can provide the most

useful and relevant information about the mechanical response of

fluoride glasses require relatively large, homogeneous and stress-

free specimens for study. Clearly, the preparation of these specimens

was a project in itself. In any event, large glass specimens which

are visibly homogeneous and clear have been prepared for each of

these compositions. The batch consisted of anhydrous fluorides

for all constituents except zirconium which was introduced as a

high-purity oxide and converted to ZrF 4 with ammonium bifluoride.

The batch was melted under a controlled atmosphere of N2 and CCl 4

and then cast into slabs on a brass mold. The plates were annealed

at temperatures determined by differential scanning calorimetry.

The elastic moduli were measured by the resonance frequency technique.

The fracture toughness and stress corrosion susceptibilities were

deduced from the flexural strengths of test bars containing controlled

microflaws. The physical properties were obtained using standard

test methods.

Table 1 presents some of the properties measured for the

compositional series of glasses. In addition, the corresponding

properties for a commercially available glass, whose composition

approximates the glass with X-O, is also included. It can be seen

that the range of infrared transmission is degraded by the sodium

fluoride substitutions. However, utilizing the parameter (Tx-T ),

it is apparent that the glass forming ability is enhanced by the

sodium fluoride substitutions. In general, these property trends

verify the compositional variations introduced in the glass batch.

Nonetheless, the composition of the glasses is being evaluated

independently with wet chemical and spectroscopic techniques.

Table 2 presents the mechanical properties measured for these

glasses as well as some other multicomponent fluoride glasses. As

has been previously reported by others, the Young's elastic modulus

is about 60 GPa. This value is comparable to many silicate glasses

and does not represent any special result. The hardness is not



I

very substantial, suggesting that these glasses may be particularly

susceptible to surface damage. There is not much of a trend in

hardness with NaF additions, perhaps indicating that the hardnesses

of these glasses cannot be changed very substantially without some

dramatic departure from the base compositional system studied here.

The fracture toughness does not present a dramatic compositional

change, either, but is rather consistent at about 0.33 MPa m
-1

typical of most other reports on fluoride glasses. Fracture

toughnesses between 0.3 and 0.4 MPa m-hare typical of many chain-

like structure glasses such as the chalcogenides and phosphates.

Since MacKenzie and co-workers have suggested that these fluoride

glasses consist of chain structures, low fracture toughnesses are

exactly what should be expected. Only radical compositional and

structural changes should be expected to improve the fracture

toughnesses of these fluoride glasses, which are low by comparison

with most silicate glasses. Strengths of fluoride glasses may be

expected to be correspondingly lower too, if surface flaw conditions

are comparable to those of silicates.

The slow crack growth parameters, or N-values, for these glasses

were all negative. This is very unusual and indicates that the

flaws are blunting or healing during the stressing rate/strength

tests and the specimens are actually becoming stronger for slower

stressing rates. This is exactly the opposite to the process of

slow crack growth weakening observed for most silicate glasses.

It is, however, comparable to the strengthening observed when viscous

glassy silicates blunt cracks in refractories at elevated temperatures.

Details of these crack tip dissolution strengthening processes in

glasses have not been worked-out in total, but certainly relate

directly to the original Charles-Hillig concepts. The manifestation

of the strengthening effect in these fluoride glasses almost certainly

relates to their very high reactivity in aqueous environments.
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PREPARATION OF HEAVY METAL FLUORIDE GLASS OPTICAL FIBERS
(A New Approach)

D. C. Tran, M. J. Burk and G. H. Sigel, Jr.
Naval Research Laboratory
Washington, UC 20375

A vapor phase approach, termed reactive vapor transport process (RVT),

was investigated for the fabrication of fluoride glass optical fibers. The

refractive index profiles, obtained from preforms prepared via the novel

technique, indicate that both multimode graded-index and monomode fluoride

glass fiber waveguides can be readily prepared.

The only method for making fluoride glass fibers known to date is to cast

the fluoride glass melts. I-3 The casting process appears to be limited to

step-index fibers. In addition, careful examination of our cast preforms of

substantial lengths (> 6 in) generally revealed density variations in the core

and microcrystallites at the core-clad interface. These scattering defects

have resulted in wavelength-independent fiber losses ranging from S dB/km4

to several hundred dB/km. To avoid casting the melts, a reactive vapor or

mixture of vapors originated from low vapor pressure metal halides or from

halogenated gases, were carried inside a fluoride glass tube. Witn proper

control of processing parameters such as temperature, time, and reactive vapor

concentration, substantial amounts of chlorine, bromine, or iodine ions were

exchanged and incorporated into the fluoride glass structure, thus raising the

refractive index and forming a core region. A cross-section of a fluoride

glass tube preform is shown in Fig. 1.

The difference in refractive indices An = [ni - n(b)] is plotted against

b in Fig. 2, where ni represents the measured index at the inner wall of the

tube and b is the overall tube wall thickness. The parabolic index profile

suggests a diffusion controlled process. The index difference of Fiy.2



corresponds to a N.A. of only 0.045. However, in separate RVT experiments, it

was demonstrated that N.A. > 0.1 and c (core wall thickness of Fig. 1) ;' 3 cm

can be achieved. Optical characteriation of the core glass revealed a slight

shift of the IR edge toward longer wavelengths, an appearance of two IR

reflectivity bands at around 549 cm-1 and 478 cm-1 , and a substantial decrease

in the OH absorption band with respect to the cladding glass. All of these

are attributed to the presence of Cz, Br, or I in the core glass structure.

There was no microcrystals present at the core-clad interface.

In summary, a new fluoride glass fiber manufacturing process using

reactive vapors was developed to suppress the extrinsic scattering loss

generally observed in our substantially long cast preforms. In addition, the

new approach allows (1) the modeling of the refractive index profile by

varying the processing conditions, (2) the preparation of fluoride glass

preforms having a very small core, (3) the prevention of OH contamination

since reactive vapors are used, and (4) the prevention of contamination from

dirt particles since it is an inside process.
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Figure Captions

Figure 1 Cross-section of a fluoride glass tube preform.

Figure 2 Index profile of a fluoride glass tube preform

[An ni-n(b), where ni = n(0 rm) = 1.5090]
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OPTICAL AND LASING 
PROPERTIES

OF Nd3+-DOPED BERYLLIUM FLUORIDE GLASSES*

M. J. Weber, C. F. Cline, G. J. Linford, M. Milam,

S. E. Stokowski, and S. M. Yarema

Lawrence Livermore National Laboratory

University of California

Livermore, California 94550

Beryllium fluoride glasses are of interest for optical elements and

amplifying media in lasers operating at short wavelengths and high powers

because they have (1) the largest band gaps of any known glass,1 and

hence are transparent to a wide range of optical pumping and lasing

wavelengths,2 and (2) the smallest measured refractive index nonlinear-

3ities, which reduces distortions due to self-focusing of intense

beams. Beryllium fluoride glasses can be doped with a variety of rare

3+
earth and transition metal ions. Lasing of Nd in fluoroberyllate
gasswsrpreinte4-6
glasses was reported in the 1960's. To investigate these glasses

further, we have studied the effects of glass composition on the optical

and lasing properties.

Changes in the absorption spectra of Nd3 + with composition are

shown in Fig. 1 for simple BeF2 glass and a ternary fluoride glass.

Both the width and cross sections of the transitions change. The

4 F/ 1/2 fluorescence spectra also changes as shown in Fig. 2. Table I

*This work was performed under the auspices of the Division of Materials

Sciences, Office of Basic Energy Sciences, U. S. Department of Energy and
the Lawrence Livermore National Laboratory under Contract W-7405-Eng-48.
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gives examples of observed differences in the peak wavelength Xp,

stimulated emission cross section a, effective bandwidth AXeff , and

calculated radiative lifetime rR associated with the 4F 3/2 4i/2

fluorescence for three different glass compositions. These spectroscopic

properties have been used to predict Xe-flashlamp-pumped 
laser action.

7

We have measured the small-signal gain coefficients for Nd3+-doped

BeF 2 and KF-CaF2 -AIF 3-BeF2 glass amplifiers. The peak gain coefficients

agree with predictions within experimental uncertainties and are included

in Table I. Although there is a range of lasing parameters within a

given glass former, in general the gain of beryllium fluoride glasses is

higner than that for silicate glasses but not as high as for phosphate

glasses.

We also measured large-signal gain saturation. The saturation

parameter derived from the Frantz-Nodvik equation is plotted as a

function of input fluence in Fig. 3. The variation of saturation fluence

is similar to that observed for silicate, phosphate, and fluorophosphate

glasses8 and is a consequence of hole burning arising from spectroscopic

inhomogeneities.9  The small differences in the data for l-ns and 20-ns

pulses indicated that the relaxation time of the 4111/2 terminal laser

level is Zl ns.

Beryllium fluoride glasses can be cast in large sizes; disks 20-cm
10

diameter by 5-cm thick have been prepared. The toxicity of beryllium,

however, necessitates special handling requirements for the melting and

finishing of these glasses. The hygroscopicity of BeF 2 is well known,

but by the addition of suitable modifier cations the chemical durability

can be greatly improved.
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Table 1. Spectroscopic and Lasing Parameters of Nd3+-doped
Beryllium Fluoride Glasses:

Composition 98BeF 2-2NdF 3  60BeF 2-32KF 47BeF 2-27KF-14CaF 2
(mol.%) -6CdF 2-2NdF 3  -10AIF 3-2NdF 3

432411/2 fluorescence:

x ( nm) 1046 1048 1047

a(pm2) 2.0 3.8 3.2

A.eff(nm) 27.7 20.1 23.2

TP)920 600 610

Relative small-signal
gain coefficient:

gkm 1l) 7.8 17(estimate) 14.8

6 000
0 0 0 00

0

2 1n
0*0n

0~ 224n6

Output fluence WJcm 2)

Figure 3: Saturation fluence versus input fluence at 1.053vip determined
from gain measurements of a BeF2-KF-CaF2-AIF 3-NdF 3 glass amplifier for
two pulse durations.
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Lawrence Livermore National Laboratory, P.O. Box 808, Livermore, CA 94550, U.S.A.

and

Roger N. Sinclair

Materials Physics Division, A.E.R.E., Harwell, Didcot, OX11 ORA, U.K.

Rare earth containing fluoroberyllate glasses are of considerable

Interest In view of their possible application In the high powered lasers

being developed for the laser fusion programme. At present, however, the

details of the local environment of the rare earth ions, in such glasses,

which determines their spectral properties, has not been established.

Neutron diffraction and Molecular Dynamics techniques have, therefore,

been used to investigate the structure of vitreous NaF-BeF2 containing DyF 3.

Dy is a particularly favourable element for neutron diffraction In that It

can be obtained as a mixture of Isotopes such that the coherent neutron

scattering length 3 is zero. Thus by studying the difference between the

diffraction patterns for samples containing natural and zero scattering

length Dy, It is possible to experimentally isolate the Dy-X + Dy-Dy and

X-X (X - Na, Be or F) contributions to the real space correlation

function and hence probe the Dy environment directly. Additional measurements

have also been made on undoped NaF-BeF2 and pure vitreous BeF 2 .

The neutron diffraction data show that in all the glasses studied Be

is tetrahedrally co-ordinated by F. Peak fits In the Gaussian approximation

yield a mean Be-F bond length of between 1.548 and 1.555 and an r.m.s.

V



0.-
bond length variation of 0.063 to 0.093 A. A similar fit to the first Dy-F

peak in the Dy-X + Dy-Dy difference correlation function gives a first Dy-F

0
distance of 2.301 A.

The Molecular Dynamics simulations also predict tetrahedral

co-ordination but fail to account for the relative packing of the BeF4

structural units. In particular the Be-F-Be angle is too great and appears

to have too narrow a distribution. This is almost certainly due to the

omission of angularly dependent forces - a similar increased bond angle

(Zn-Cl -Zn) is also observed in analagous simulations of vitreous ZnC1 2 .

The Molecular Dynamics simulations do, however, predict the changes in the

correlation function which occur on adding first NaF and then DyF 3. In

particular the main features of the Dy-X + Dy-Dy difference correlation

function are reproduced although the peaks are somewhat broader than

observed experimental ly.

In order to examine peak widths in more detail a further neutron

diffraction experiment Is to be performed which will yield greatly improved

real space resolution. Further work on the potentials used in the Molecular

Dynamics simulations Is also required.

* Now at Bell Telephone Laboratories

t Now at U.C.L.A.
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Extended Abstract

for

Second International Symposium on Halide Glasses
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Rensselaer Polytechnic Institute
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* This work is being supported by the Directorate of Chemical and
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Extended Abstract

It has been found that glass formation can take place in ZnBr 2, binary

systems such as ZnBr2-KBr and ZnBr 2-TlCl, and ternary systems such as ZnBr 2-KBr-

TlBr and ZnBr2-TlBr-TlI. Because viscous flow is governed by melt structure and

has a direct bearing on glass forming tendency, the viscosities of a number of

bromide melts have been measured with a concentric cylinder method.

The viscosities of the melts measured are shown in Figures 1 to 3.

Addition of monovalent halides results in the reduction of the viscosity of ZnBr 2.

Viscosity-temperature relations do not obey the common Arrhenius equation but

appear to follow the Fulcher equation. A comparison of the viscosity-temperature

behavior of a number of molten halides is shown in Figure 4. ZnBr 2 resembles

ZnCl 2 in that the viscosities of both are much higher than those of the other

halides. A comparison of viscosity at the melting temperature and activation

energy for viscous flow is shown in Table 1. It is seen that although the para-

meters for ZnBr2 and ZnCl 2 are much less than those for the glass forming oxides

and BeF 2, they are nevertheless much higher than those for other ionic salts

such as PbBr2 and CdBr2.

The present interpretation of the viscosity data is that ZnBr 2 melt,

similar to molten ZnCl 2, is somewhat polymerized with linking of ZnBr 4 tetrahedra.

Addition of halides such as TlI and KBr, etc. results in a break-up of these

linked ZnBr4 tetrahedra. In a sense, then, ZnBr2 can be regarded as a glass-

former. Perhaps the unique feature of these glass-forming halide melts containing

ZnBr2 is the probability of the dominance of the ZnBr 4 groups whereas other

divalent cations such as Hg, Cd and Pb have higher coordination numbers. -4.



Comparison of ZnBr2 melts with other glass-forming liquids

and molten salts at their liquidus temperature

System Structural T m(C) Viscosity(p) Activation Energy
type (kcal/mole)

B203 polymeric 450 105  40

BeF2  polymeric 540 106 100

ZnCl 2  polymeric 283 146 24.8

Li2SiO 3  chains & rings 1200 4 24

NaPO3  chains & rings 615 17 16.5

KBr ionic 734 0.012 5.2

KI ionic 681 0.016 5.3

T1Br ionic 480 0.02 3.4

TI ionic 440 0.026 3.6

CdBr2  ionic 567 0.029 4.6

PbBr2  ionic 373 0.079 5.9

HgBr 2  ionic 236 0.026 5.0

ZnBr 2  polymeric(?) 394 1.65 16.7

ZnBr2-KBr(55-45) polymeric(?) 187 0.5 8.8

ZnBr 2-KI(55-45) polymeric(?) 187 1.1 10.1

ZnBr2-KBr-TlI polymeric(?) 177 0.58 7.8

(55-35-10)

TABLE 1
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NEW HALIDE GLASSES IN THE CuCI-CsBr-PbBr, SYSTEM

T. Yamaqishi, J3. Mishii and Y. Kaite

Research Laboratory, Nippon Sheet Glass Co., Ltd.
Konoike, Itami City, 664 Japan

[nt reduct ion
Re-entiy there has been considerable interest in the fiber optic materials
which operaite at the infrared region. These fibers may be used as the flexible
wovoqiiid,,s of CO 2 laser power (wavelength l0.61im).
Halide materials are thought to be useful for these applications and many
.;tudjes have been carried on the crystalline fibers made from halides such as
silver halides or thallium halides.l),2)
(lass materials are also attractive candidates for these uses, and some glass
systems based on ZnCl 2 , BiCl3, etc. have been proposed.3),14) However, these
qlasses are hygroscopic and rather unstable, and these properties prevent them
from practical uses so far. Therefore, at present the development of new stable
glasses has been expected in halide systems.

In this communication, the glass forming regions and some properties of new
halide glasses based on PbBr 2 are reported.

Experiment
Reagent grade chemicals were dried at 110'C and mixed in a mortar. Batches of
l-5g were melted in a Pyrex tube at 450-500*C for 15-60min. in an air or a
nitrogen atmosphere. Then the melts were poured onto a copper plate and prompt-
ly pressed by another copper plate (Hand press quenching). To examine the glass
forming tendency at a higher cooling rate, the melts were sucked up by a syringe
,ind droped between two rollers of a twin roller quenching apparatus (Twin roller
quIench inq) .
The degree of glass formation were evaluated by the proportion of transparent
parts in the quenched samples. The glassy character of samples was confirmed
by X-ray diffraction.
The qlaiss transition temperatures(Tg) and the crystallization temppratures(Tc)
of qlassy samples were measured by DTA with a heating rate of 100C/min. and
the infrared absorption spectra were measured in the reqion of 2.5-25pm.

Results and discussion
PbBr. has been reported to have the glass forming tendency 5) and has low
water Folubility. Therefore PbBr2 is supposed to be a potentially useful
material for [R applications.
CtiCl has atetrahedrally coordinated structure and shows relatively high covalent
character among monovalent metal halide compounds, therefore CuCI is expected
to improve the glass forming tendency of PbBr2 .
The q l ,s forming regions of the CuCl-PbBr2 binary system investigated at two
different cooling rates are illustrated in Fig.l(a). Though the eutectic
composition of this system is not known for lack of phase diagram, the most
vitrified composition is supposed to be in the vicinity of the binary eutectic
composition inferred from the eutectic composition in CuCI-PbCI 2 (about 58CuCl-
42PbCl.). The glass forming tendency was examined in the 90PbBr2-1ORX systems
(R=r,i,Na,K,Cs,Cu,Aq,TI; X=F,CI,Br,I). In these systems, only CsCl, CsBr gave
the glassy samples by the hand press quenching. The glass forming regions of
the Cs~r-PbBr 2 binary system are shown in Fig.l(b).
The -enter of this region corresponds to the eutectic composition of this
system (about l8CsBr-82PbBr2 ). Glass formation in the CuCl-CsBr system was not
ob.erved by the twin roller quenching.

.ig.2 shows the glass forming region in the CuCl-CsBr-PbBr2 ternary system. The
region a and b represent the regions in which the nroportion of glassy parts in
the plate samples was more than 50% and 90% respectively. The samples ( 30-40mm
in diameter, 0.3-0.5mm in thickness ) were obtained by the hand press quenching.



The X-ray diffraction patterns of some samples are shown in Fig.3. The sample
(C) in the region a (in Fiq.2) including crystalline parts gave some peaks main-
ly of crystalline PbBr?. The glassy samples (A) and (B) in the reqion b gave
only halo patterns which are typical for qlasses.
'iq.4 represents the IR transmission spectra of the 37CuCl-l5CsBr-48PbBr- glassy
samples. The glass sample(A) melted in an air atmosphere showed several absorp-
tion bands; the bands at 2.9km and 6.3ijm are probably due to OH-, and the bands
at longer wavelength are due to other impurities (ex.BrO-). These absorption
bands were substantially reduced in the sample(B) which was melted in a nitrogen
atmosphere.

The effect of X replacement (X=Cl,Br,I) in the 37CuX-l5CsX-48PbX2 system on the
qlass forming tendency was investigated. The result is shown in Fig.5, in which
the numbers represent the glass forming tendency evaluated by the proportion of
transparent parts in the samples obtained by the hand press quenching.
In this system, the most glassy sample was obtained when X=0.25CI + 0.75Br, and
the introduction of iodine reduced the glass forming tendency.
The glass transition temperatures(Tg) and the crystallization temperatures(Tr)
for some glass compositions are listed in Table 1.
The increase of PbBr2 content in the CuCl-CsBr-PbBr 2 system raised the qlass
transition temperature and lowered the value of (Tc-Th). The introduction ot
iodide as Csl to this system raised the glass transition temperature.

(one us ion
The brownish-yellow glassy plates of 0.5mm in thickness were obtained by quench-
ing between two copper plates (cooling rate 10 2 K/sec) in the new glass system
of CuC1-CsBr-PbBr 2 .
T'hesc ilasses showed high infrared transparency in the wide range of wavelenqth,
up to ,t least 15pm. The glasses do not seem to be attacked by moisture in the
air after standing many days in a humid atmosphere.
The low glass transition temperatures may require special devices to coo] the
fiber materials for applications as the flexible wavequides of CO:, laser power.

Reforenos
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A POTENTIAL SUITABLE FOR CALCULATING ABSORPTION IN HALIDE GLASSES

Herbert B. Rosenstock*
Naval Research Laboratory

Washington, DC 20375

An "ideal" solid whose atoms interact by a purely harmonic potential

Vho = (1/2) k x2 (Figure 1) would produce 1-pholon absorption only. Real

solids, by contrast, are subject to anharmonic potentials that are responsible

for the irreducible "intrinsic" multiphonon absorption observed in the

infrared. One potent.ial that has provided a useful model for multiphonon

absorption calculations (1) (2) (3) is the Morse potential (4)

Vm = (1 - exp [-a(x-xo)] }2 shown in Figure 2. Originally developed for

diatomic molecules, it has two virtues that made it useful in solids as well:

it is mathematically tractable (a rare feature in quantum mechanics), and it

"looks reasonable". The last statement means that it behaves harmonically at

low energies, then goes through an anharmonic region responsible for IR

absorption before finally breaking up at a "dissociation energy" D. The

details of the crucial anharmonic region can often be related to measured

(elastic, optical or thermal) properties of the solid in question.

However, the dissociation energy in the Morse potential provides

difficulties, both mathematical and conceptual. Mathematically, only the

energy levels below D are known explicitly; hence the calculations become

unreliable when either the photon energy or the equivalent temperature becomes

comparable to 0. The problem has been noted (3) but was not serious in

crystals or high-melting glasses; but in soft, low-melting materials such as

halide glasses, the energy levels above the dissociation limit are accessible

and cannot be ingored (5). In addition to being not quantitatively

understood, the behavior of the Morse potential near or above D is also

*Sachs Freeman Associates, Inc., Bowie, MD.



conceptually unrealistic: though bonds can conceivably be broken by an

incoming photon, the result in a solid (in contrast to a molecule) is not the

disappearance of an atom towards infinity; other atoms in the vicinity will

keep it nearby.

We have therefore sought a potential that would be suitable in shape for

halide glasses while still being mathematically tractable. The Pbschl-Teller

potential (6) Vpt = (p/sin ax)2 + (q/cos ax)2 meets these criteria reasonably

(Figure 3): the moving particle is harmonically bound at low energies, but at

higher energies it remains confined to a finite region. Again, the detailed

shape can be related to the physical properties of the glass on the one hand

and to the parameters in the potential on the other. The energy levels and

wave functions are known (6), (7) and the transition probabilities from and to

arbitrary levels have now been calculated. According to our established

formalism, the intrinsic nultiphonon absorption can be inferred from them.

l.. D. L. Mills and A. A. Maradudin, Phys. Rev. B1O, 1713 (1974).

2. H. B. Rosenstock, Phys. Rev. B9, 1963 (1974).

3. Boyer, Harrington, Hass, & Rosenstock, Phys. Rev. B11, 1665 (1975).

4. P. M. Morse, Phys. Rev. 34, 57 (1929).

5. H. B. Rosenstock, Glass Technology (1983, in print).

6. G. Poschl and E. Teller, Z. Physik 83, 143 (1933).

7. S. Fligge, "Practical Quantum Mechanics" (Springer, Berlin 1971), page

89.
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VIBRATIONAL SPECTROSCOPY OF Pb/Mn/Ga FLUORIDE GLASSES

Bernard Bendow

The BDM Corporation

Albuquerque, NM 87106

Pranab K. Banerjee and Shashanka S. Mitra

University of Rhode Island

Kingston, RI 02881

C. Jacoboni and R. DePape

Universite Du Maine

72017 Le Mans Cedex, France

The vibrational characteristics of Pb/Mn/Ga fluoride glasses have

been investigated using polarized Raman scattering, fundamental IR

reflectivity and IR transmission measurements. The glass compositions

used for this study are indicated in Table 1. As revealed by the

absorbance spectra in Figure 1, they possess IR edges in the vicinity of

6 im similar to fluorozirconate,. Fundamental reflectivity spectra (see

Figure 2) display two broad bands, one in the vicinity of 525 cm"1 , and a

second with considerable structure centered in the 250-300 cm-1 region.

The Raman scattering and depolarization spectra (as illustrated in

Figures 3 and 4, for example) reveal one strong polarized band near

545 cm"1 , and a second broad and weakly polarized band centered near

245 cm- . The features of these spectra are quite similar to those of

fluorozirconates, which display two-mode behavior in both Raman and IR

reflectivity, and possess a single dominant, highly polarized peak in

Raman at high frequency. The low reflectivity at frequencies above

400 cm-1 is closer to that of Ba/Th fluoride glasses. Based on the

present observations, it appears that Pb/Mn/Ga fluoride glasses consist

of well-defined structural units (of metal ions with fluorine) which give

1 U



rise to the highly polarized bands observed in Raman. It is not clear

from the data whether the glass contains several different units with

similar vibrational frequencies, or complex units containing several

metal ions. In either case, it appears likely that the high frequency

bands are associated with stretching modes, and the low frequency bands

with bending modes, of the three principal cations with fluorine. The

similarity to fluorozirconates suggests that Pb/Mn/Ga fluoride glasses

are relatively ionic and the coordination numbers of the cations with

fluorine is high.

TABLE 1. GLASS COMPOSITIONS AND SELECTED PROPERTIES (mol %)

Density
Sample # PbF2  MnF 2  GaF3  AlF 3  InF3  ZnF2  (g/cm3 ) nD

1 38 25 37 .. .-- . 5.6 1.575

2 38 25 27 -- 10 -- 5.7 1.584

3 38 20 30 7 -- 5 5.6 1.576

In addition to the constituents stated above, all glasses contain an
extra 5YF3 + 2AIF 3.
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EXAFS DETERMINATION OF THE COORDINATION

OF DIVALENT LEAD IN PbO-PbCl2 GLASSES

K.J. Rao* and J. Wong

General Electric Corporate Research and Development

Schenectady, NY 12301 USA

and

B.G. Rao

Solid State and Structural Chemistry Unit, Indian Institute of Science

BANGALORE - 560012 INDIA

ABSTRACT

Room temperature EXAFS above the Pb LII I absorption edge in a series of

novel PbO-PbCI2 glasses containing 80-40 mol% PbO have been measured with syn-

chrotron x-rays from CHESS at Cornell. PbO and PbC12 were used as model com-

pounds to extract empirical phase shifts for the Pb-O and Pb-Cl pairs. A

multi-shell simulation procedure was used to deduce the local structure of

lead in these glasses from the experimental EXAFS signal. It is found that

the coordination sphere around Pb in the glasses correspond to approximately

[PbO2 Cl4 ] configurations confirming the earlier model predictions of the

structure of these glasses.

*Visiting Research Fellow from Indian Institute of Science, BANGALORE. 560012,

INDIA
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Bonding and Structure of Nd
3  in BeF2 Glass P4

by lANES and EXAFS Spectroscopy

1. 3. Rao* and 3. Wong

General Electric Corporate Research and Development

1 River Road. P.O. Box 8. Schenectady, NY 12301

and

M. 3. Weber

Lawrence Livermore National Laboratory, University of California
Livermore, CA 94550

ABSTRACT

The LIII , Li, and L, IANES and EXAFS of Nd$  have been measured using

synchrotron radiation from SPEAR at Stanford Synchrotron Radiation Laboratory

to probe the bonding and structure of Nd in a BeF2 glass containing 4 mol %

NdF3. Crystalline NdF 3 and Nd 2 0 3 were ased as reference compounds to model

the chemical environment of Nd3  in the glass. It is found that in the glass

there is a substantial increase in the intensity of the Nd LII I and L11 white

lines compared with those of crystalline NdF EIAFS analysis showed that3.

there is a shrinkage of the innermost Nd-F bond distance and a reduction of

Snearest neighbor fluorine coordination to - 7 in the glass compared with 9 in

purea NdF 3. The 7-fold coordination is in agreement with recent molecular

dynamics calculations. Using Slater's atomic shielding constants, the

observed increase in white line intensities in the glass was attributed to a

covalency effect due to back donation of valence electron from the ligand to

the partially filled 4f orbitals of the Nd3 + ions. This study illustrates

4 ability of the combined XANES and EXAFS technique in elucidating the chemical

bonding and local structure of a given atomic constituent in glassy solids.

* Visiting Research Follow, Indian Institute of Science, Bangalore, India
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I.R. MEASUREMENT OF THE RATE OF SURFACE LAYER
DEVELOPMENT ON ZrF 4-BaF2-LaF 3 GLASS

IN AQUEOUS SOLUTION

A. J. Bruce, S. R. Loehr, N. P. Bansal
D. M. Murphy, C. T. Moynihan and R. H. Doremus

Rensselaer Polytechnic Institute
Troy, New York 12181

USA

I.R. spectra have been measured versus time for a 62 ZrF 4-33 BaF 2-5 LaF 3

glass immersed in water at room temperature. After an induction period of

less than 15 minutes, the IR peaks at 3440 cm-1 and 1640 cm- I (probably due

to the OH stretching and H 20 bending modes of molecular water) (cf. Fig. 1)

increase with immersion time. Plots of absorbance versus (a) total immersion

time, and (b) the square root of the total immersion time, are shown in

Figure 2. The linear dependence of the absorbance on /t is consistent

with a diffusion controlled process and it is believed that the development

of the absorption peaks follows that of a surface layer on the glass.

This result may therefore form a basis for a quick comparative measure-

ment of the resistance to water attack of heavy metal fluoride glasses.

For example, the IR spectra of glasses would be measured versus

immersion time for a period up to an hour say at three different temperatures

and the rates of development of the molecular water peaks compared.

The sample studied had previously been polished first with silicon

carbide paper and lapping oil and then with alumina and water. The presence

of a surface layer after polishing may therefore cause the observed induction

period. Prior to each spectral measurement the sample was dipped twice in

acetone and once in n-hexane to remove any unbound water from the sample

surface.

Attempts to dehydrate the surface of the sample after 5 hours immersion

indicate that substantial reductions in the IR absorption peaks assigned



2.

to molecular water only occur when the sample is baked at temperatures above -i

150*C (cf. Figure 3). This indicates that any water present is quite

firmly bound. This result is consistent with a DSC measurement made on a

sample of the "powdery" material which was shaken off from the surface of

a ZBL sample after 4 days immersion in water at room temperature (cf. Figure 4).

This shows dehydration occurring above 165*C. It is also interesting to note

that a glass transition and crystallization exotherm are detected for the

surface material at temperatures close to those for the bulk glass. The

presence of amorphous material is consistent with preliminary X-ray diffrac-

tion measurements made on the surface material developed during room

temperature immersion.
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ELECTRICAL CONDUCTIVITY AND RELAXATION IN

ZrF 4-BaF 2-LaF 3 GLASSES

N. L. Perazzo, D. L. Gavin, A. J. Bruce, S. R. Loehr
and C. T. Moynihan

Rensselaer Polytechnic Institute
Troy, New York 12181

USA

Electrical conductivity and relaxation measurements have been carried

out on three ZrF4-BaF2-LaF3 glasses whose batch compositions are given in

Table I. Note that one of the glasses has been intentionally doped with

oxide. Ravaine and coworkers 1- 3 have shown that these materials are

fluoride ion conductors.

The conductivity specimens were polished rectangular plates (2-3 mm

thick, - 10 mm on a side) with sputtered gold electrodes applied to opposite

faces. The real part of the electrical conductivity a' and the dielectric

constant c' were measured over the frequency range 0.025 to 100,000 Rz

using an operational amplifier admittance bridge.

Typical results for the frequency dependence of 6' and a' are shown

at three temperature for one of the glasses in Figs. 1 and 2. These plots

are similar in appearance to those observed for other ionically conducting

glasses.4'5 The high frequency dispersion in the E' vs. f plots of Fig. 1

is due to bulk glass electrical (or dielectric) relaxation, while the

low frequency dispersion (shown most clearly in the 103.4 0C isotherm) is

due to surface layer polarization. The low frequency plateau in the a vs.

f plots of Fig. 2 corresponds to the bulk glass d.c. conductivity a, while

the high frequency dispersion is again due to bulk glass electrical relaxation.

Our data were also analyzed using the formalisms of complex resistivity

4,6 5* and electric modulus M* where

C- P' ip" - /iWE [0 i(0'/ws )0

M* a M' + iM"= l[' - i(0'/Wc )
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where w is angular frequency and E the permittivity of free space. Typical

complex plane plots of M* and p* are shown in Figs. 3 and 4.

Extrapolation of the low temperature M* plots to intersect the M'

axis yields the high frequency bulk dielectric constant c., as shown in

Fig. 3. Values of E are listed in Table I and are nearly identical within

experimental error for all three glasses.

Neither the M* nor the p* plots are arcs of a circle with its center

on the teal axis, indicating that the relaxation of the electric field due

to F ion migration in the bulk glass must be described by a spectrum of

relaxation times or a non-exponential relaxation function.5 '6  In addition,

the P* arc is not exactly symmetric and does not have the shape of a circle

with its center below the real axis, as has also been found with alkali

silicate glasses.
7

The bulk glass d.c. conductivity a was obtained from the low frequency

intercept of the p* arc with the real axis1 '4 '6  as shown in Fig. 4. The

temperature dependence of a of all three glasses followed the Arrhenius

equation:

a = a0 exp(-AH*/RT)
0

where AH* is the activation enthalpy and R the gas constant. Arrhenius equation

parameters are given in Table I. Arrhenius plots of a vs. 10 3/T are shown

in Fig. 5, where our conductivity results are compared with those for other

alkali-free fluorozirconate glasses reported by other laboratories.
1-3 '8

Our data for the 62 ZrF4 -30 BaF2-8 LaF 3 glass are gratifying close to those

reported by Ravaine et al. '
2 for a glass of the same nominal composition.

One interesting result of the present study is that replacement of

2 mol% of BaF 2 by BaO in the 62 ZrF 4-33 BaF2-5 LaF3 glass appears to increase

substantially the conductivity - by a factor of more than 2 at low temperatures. 9,
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It is tempting to suggest that this may be due to introduction of F ion

vacancies along with the oxide. However, the difference in a between the

oxide-containing and oxide-free glasses could as well be due to inadvertant

differences between the batch and actual glass compositions or to differences

in the thermal histories in the annealing region of the two glasses. Further

investigations are needed here.

It has been found9 that exposure of fresh fluorozirconate glass surfaces

to atmospheric water vapor results in the rapid formation of a thin hydrated

surface layer which then shows no further increase in thickness with time.

(This layer should not be confused with the thick, continually growing

10layers that form on these glasses when they are exposed to liquid water 0 .)

The present glasses were exposed to the laboratory atmosphere before depositing

the gold electrodes and placing them in the dielectric cell, and they should

possess the thin surface layers. We were curious to see whether these layers

could be detected in our electrical measurements, since in a previous study
4

of alkali silicate glasses it was found that hydrated surface layers, which

are in series electrically with the bulk glass, give rise to a second, low

frequency arc in the complex resistivity plots. The presence of surface

layer contributions to the low frequency p* plots was detectable for the

fluorozirconate glasses, but they were very small and perceptible only in

enlarged plots of the low frequency part of the O* data. Such an enlarged

plot is shown in the inset to Fig. 4; the surface layer contribution corresponds

to the minimum in the "hook" on the low frequency tail of the p* plot. Using

the methods outlined in Ref. 4, one can estimate from this low frequency

"hook" that the thickness of the hydrated surface layer resulting from

reaction of atmospheric water with fluorozirconate glasses is no more than

about 0.01 pm.
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Table I. Compositions, electrical conductivity
Arrhenius equation parameters and high
frequency dielectric constants of
ZrF4 -based glasses .

Batch Composition a LAH* O
(mol%) (ohm'icm-1) (kJ/mol)

62 ZrF4-30 BaF 2-8 LaF 3  2.93xl10 2  73.45 11.5

62 ZrF4-33 BaF 2-5 LaF 3  2.73xl10 2  73.45 11.8

62 ZrF4-.31 BaF 2-5 LaF 3-2 BaO 1.92xl10 2 69.81 12.0
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Compositions (mol%)
ZrF4  PAF LaF 3  ThF BaO

A 62 30 8 - - present study
-t+ 62 30 8 - - Refs. 1,2S 62 33 5 - - "present study '

( 62 31 5 - 2 present study
- 58.7 31.3 - 10 - Refse. 1-3

*e-e 64 36 - - - Ref. 8
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