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A second-order phase transition in SrC12 near 1000 K produces
superionic conduction and is often called the Bredig transition. This
anion disordering occurs in other technologically important materials,
such as UO2, but at very high temperatures where measurements are dif-
ficult. Property studies on SrCl2 at low temperatures may aid future
high temperature studies.

Fine-grained, 99% dense, SrCl2 samples containing three volume
percent TiO2 to reduce radiant transport were used to measure the
differential thermal expansion coefficient (a) by push-rod dilatometry
and the thermal conductivity (A) by a radial heat flow method. Both
properties show maxima near the Bredig transition. The peak a-value is
over 75 x 10"6 K"1. X-ray data in the literature show no evidence for
this increase, and it is presumably due to the formation of localized
defects. This large expansion coefficient corresponds to a volumetric
increase of over 0.5%. Thus, push-rod dilatometry is a powerful
diagnostic tool to explore the disordering process that occurs in many
important AB2 and A2B compounds.

The data obtained from the radial heat flow method show good
agreement with earlier tests at low temperatures, and the high
temperature results show a local enhancement of A of about 0.06 W/m«K.
This enhancement cannot be attributed to electronic or radiant
transport, but is due to a new mechanism of thermal diffusion of
vacancy-anion interstitial pairs in the superionic state. The a and A
values used by the U.S. Nuclear Regulatory Commission for UO2 fuel do
not include the effects of this transition.
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INTRODUCTION

Nearly 20 years ago ORNL scientists1 reported the existence of a

dif.fuse transition in solid ionic compounds (AB2) having the fluorite

(CaF2) structure. The transition corresponds to a chang of the B ion

arrangement from an ordered array to a 3 to 15% state of disorder, while

the A ions remain fixed. Subsequent research has shown this cooperative

phenomena occurs in many AB2 and A2B compounds at 80 to 90% of the

melting temperature and is accompanied by a rapid increase of heat

content,2 a maxima in the specific heat, and development of super-ionic

conductivity with increases in conductivity from 0.5 a^nr 1 (like a

normal salt at its melting temperature) to 100 srV" 1 (like an ionic

melt).3

The influence of this disordering on thermal conductivity has never

been measured. For SrCl2 the transition is near 1.000 K (Tmpt = 1146 K,

Tt/Tmpt ~ 0.87), which is within our thermal expansion (a) and thermal

conductivity (X) measurement capacity. Obtaining and understanding such

data can help define expectations for technologically important

materials, such as, U02, ThO2, and CaF2.

SAMPLE PREPARATION AND MEASUREMENT TECHNIQUES

Fine-grained, 99% dense SrCl2 specimen disks (containing 3 v/o

TiO2 to reduce radiant transport) were prepared for radial heat flow

measurements of \ and for fused-quartz dilatometer measurements of a.

The fabrication procedure used to produce the fine-grained disks has

been described.** Because SrCl2 is hygroscopic, the disks were machined

under a paraffin oil to final dimensions with grooves and holes for

thermocouples. The radial heat flow measuring plana disks contained



six thermocouple holes, 0.158 cm diam and 1.9 cm deep, with three at an

ins"ide diameter of 1.43 cm and three at an outside diameter of 4.32 cm.

Table 1 indicates the height of the assembled disks used in the two

radial heat flow runs. This same machining procedure was used to pro-

duce two thermal expansion specimens, one from a radial heat flow disk

(SP2) and one from a melt of reagent grade SrCl2 that was slow cooled

in a tapered graphite crucible (SP1). A thin disk of the fine-grained

SrCl2 containing 3 v/o TiO2 was used to measure the percent transmission

in the range 300 to 1000 K by optical spectrometry.

RESULTS

Thermal Expansion

The fused quartz push-rod dilatometer5'6 was used to measure the

temperature dependency of the differential length change, <5L, between

the quartz support tube and the specimen plus push rod. The length

change is measured at a series of 24 hour holds at constant temperature,

and the resulting 6L versus T data are used to calculate the coefficient

of thermal expansion. A correction is applied for the expansion of the

quartz and dilatometer components based on data for SRM 739 fused

silica. The equilibrium temperature holds were not equally spaced but

selected to study the details of the transformation near 1000 K. Data

were obtained for temperature intervals from 2 to 100 K between 300 and

1025 K for the specimens listed in Table 1. In general, the behavior

of the specimens as a function of temperature was very similar.



Table 1. SrCl2 Specimens and Measurenents

* Thermal Expansion by fused Quartz Push Rod Dilatometry

Nominal Length Temperature
and Diameter (cm) Range Studied (K)

SP1 - Cast SrCl2 4.96 x 0.98 300 to 1000
300 to 1025

SP2 - Hot pressed SrCl2 4.20 x 0.99 300 to 1020
with 3 v/o TiO2

Thermal Conductivity by a Radial Heat Flow Technique

Disk Diameter and Temperature Data
Stack Height (cm) Range Studied (K) Points

RHF1 - Hot pressed SrCl2 4.95 x 23 300 to 900 6
with 3 v/o TiO2

RHF2 - Hot pressed SrCl2 4.95 x 23 300 to 1020 12
with 3 v/o TiO2

Transmission by Spectrometry

Measure
Temperatures

Disk Thickness (cm) (K)

Tl - Hot pressed SrCl2 0.0434 300, 540,
with 3 v/o TiO2 860, 1000



Smoothed values of the di f ferent ial thermal expansion coefficient a are

given in Table 2 and Figure 1. The a-values rise from about
»

24 x i n - 6 K-1 near 300 K to a peak value of over 75 xlQ-6 K"1 near

1000 K and then decrease. Literature values7 of a derived fron the

la t t i ce parameter of SrCl2 as a function of temperature are smooth,'

lower than the dilatometry results at low temperatures and show no

anomalous increase in a in the transit ion region "such as might be

expected, for example, i f chlorine ions were transferring sites of

tetrahedral coordination to sites of octohedral coordination."7

The volume increase from 300 to 1025 K is 7.9% with approximately

0.5% due to the t rans i t ion. The a-value maximum (997 K) is within

4 degrees of the specific heat maxima (1001 K) reported by others for

SrCl2 (2, 8) . The current expansion results i l l us t ra te a valuable tool

for exploring this phenomena in other compounds.



Table 2. Smoothed values of the differential
thermal expansion coefficient*, a, of Srcl2 and SrCl;? with

3 v/o TiO2 as a function of temperature.

Differential Thermal Expansion
Coefficient x in6 K"1

Temperature SrCl2 with
(K) SrCl2 3 v/o TiO?_

300 24.2 23.1
400 26.2 25.1
500 28.4 . 27.2
600 30.8 29.55
700 33.5 32.1
800 37.25 35.4
900 43.3 42.3
920 47.2 47.3
940 51.5 51.5
960 60.3 60.3
970 66.3 66.3
980 75.0 70.6
990 79.4 71.8
1000 75.2 66.7
1010 67.3 58.3
1020 57.6 48.3

, assigned to T = (Ti+T2)/2.
L2o(Ti-T2)



Thermal Conductivity

Two runs were made using the radial heat flow technique^10*11 to

measure the temperature dependency of A of SrCl2 from 300 to 1020 K.

The first run was terminated after obtaining data to 900 K because the

thermal expansion of the SrCl2 specimen caused open circuits to occur in

the Pleasuring thermocouples. The thermocouple assembly for the second

run allowed for the thermal expansion of the specimen and yielded data

to 1020 K. The measured X values from Run 2 were within 1% of the Run 1

values to 900 K, and the average A for the two measuring disks are given

in Table 3.

Table 3. Measured and corrected thermal
conductivity values for SrCl2 from 300 to 1020 K.

Thermal Conductivity M/m»K Thermal
T
(K)

299.01
399.04
700.51
896.01
902.18
920.71
940.15
941.43
961.71
979.91
1000.0
1020.68

Two Plane
Average

2.306
1.659
0.9872
0.8523
0.8681
0.8561
0.86O8
0.8341
0.8158
0.7730
0.7648
0.7325

Radiation
Correction

0.003
0.006
0.035
0.0776
0.0746
0.0797
0.0850
0.0850
0.0905
0.0963
0.1023
0.1086

Corrected
for TiO2

2.8074
1.5765
0.9044
0.7386
0.7546
0.7378
0.7376
0.7115
0.6886
0.6415
0.6280
0.5907

Resistivity
cm«K/W

45.30
63.43
110.57
135.39
132.52
135.54
135.57
140.55
145.22
155.88
159.23
169.29



The fraction of radiation transmitted by a 0.0434 cm thick

+ 3 v/o TiO2 specimen measured between 500 and 4000 wave numbers

and 300 and 1000 K corresponded to about 3% at the wave length maximum

for a black body.12 This yields an absorption coefficient of 8070m"1,

which was used with the Ginzel equation to calculate the radiative ther-

mal conductivity component indicated in Table 3. The resulting phonon

contribution was corrected for the TiO2 contribution using the Eucken

relation13 and values of A for Ti02 recommended by TPRC.
l4 The pre-

viously described results on SrCiz1* were treated in the same way and the

combined thermal resistivity data set was fitted to a quadratic equation15

by the least squares method. The X"1 results from 87 K through 700 K

were described to 1 cm<K by
W

A"1 = -1.535 + 0.1588T + 0.211 • 10"5 T2 (^^\ (1)

From 700 K to 1020 K the \ values deduced from the measurements are

greater than the A values predicted by Eq. 1 as shown in Fig. 2. This

enhanced thermal conductivity occurs between 860 and 1000 K, which coin-

cides with the region of anomalous thermal expansion. The difference

between the extrapolated and the measured values reaches a maximum

value of about 0.06 W/m«K near 920 K. Fig. 3 provides a comparison of

both properties as a function of temperature. The thermal expansion

coefficient maximum and the thermal conductivity excess maximum do not

coincide. A theoretical explanation15 of this has been offered and does

not require coincidence of the maxima. The proposed conduction



mechanism is similar to anbipolar diffusion of electron-hol? pairs in an

intrinsic semiconductor, but for the transition in SrCI2 assunes that

vacancies and interstitials diffuse together. The predicted excess

thermal conductivity depends on the steady-state flux of vacancy-

interstitial pairs, which is temperature dependent, and the heats of

transport. The predicted excess is about 0.02 W/m«K.

Implications

The current results indicate that the Sredig transition in SrCI 2 is

accompanied by enhanced values of thermal expansion coefficient and

thermal conductivity. Neither enhancement had been previously reported

and both are significant since SrCl2 is an analog to UO2, Thl^ and

CaF2, which are AB2 compounds with the calcium fluorite structure.

Thermal conductivity values for Uf)2 recommended by Argonne National

Laboratory16 include an effect due to the transition in U02 at 2670 K.

The thermal conductivity values for U02 used by the U.S. Nuclear

Regulatory Commission17 do not include a transition effect.

Neither16'17 include transition effects on thermal expansion. The

current results suggest that A-values derived from thermal diffusivity

(A/volumetric heat capacity) tests are questionable near this type tran-

sition.18 These differences, the existence of this transition in other

fluorite type compounds, the proposed conduction mechanisms, and the

lack of knowledge of the effect of this transition on other properties

are invitations for further study of AB2 and A2B compounds.
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FIGURE CAPTIONS

Fig. 1: Differential thermal expansion coefficient of SrCl2 as a
function of temperature. Bold line represents smoothed values
from a fused quartz dilatometer. Values indicated by (x) are
from lattice parameter results of X-ray powder diffractometry.

Fig. 2: The thermal conductivity of SrCl2 from 700 to 1020 K. Dashed
line is an extrapolation based on results from 100 to 700 K.
Values indicated by dots (•) are from a radial heat flow
technique.

Fig. 3: Comparision of the expansion coefficient and thermal conductivity
of SrCi2 as a function of temperature, showing the enhancement
of values by the Bredig transition near 1000 K.
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c* ORNL-OWG 33-<O158

SrCI2 HAS UNUSUAL PROPERTIES NEAR 1OOOK
(X106)
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THE THERMAL EXPANSION COEFFICIENT AND THE THERMAL
CONDUCTIVITY OF SrCI2 ARE ENHANCED BY THE 8REDIG
TRANSITION NEAR 1000 K.

NEITHER ENHANCEMENT HAD BEEN PREVIOUSLY FOUND AND
BOTH ARE SIGNIFICANT SINCE SrCI2 IS AN ANALOG TO UO2
(AB2: Fluorite Structure).

VACANCY-ANION INTERSTITIAL PAIR PRODUCTION CAUSES THE
EXPANSION PEAK AND THERMAL DIFFUSION OF THESE PAIRS
CAUSES THE CONDUCTION MAXIMA.
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