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In(S) =1 Ko)—O'[RT
and n(S) = In(aKo) —Q'/ ©
In(LTY?) = In (Z.D,) — 2—}%;

Plots of In (S) and In (Z.7V?) versus 1/T should be
linear with slopes proportional to the activation
energies for diffusion along and to the dislocation
line, respectively. Fig. 2 illustrates these plots and
from which
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Figure 2 Intercept times 7°/2 and slopes from Fig. 1.
versus 771,

Q' = 03eV
0 = 0.6eV.

and

Thompson reports several papers in which a lattice
energy and pipe diffusion energy of 0.64 and
0.4 eV, respectively, have been obtained.

The results obtained by Simpson and Sosin can,
therefore, be explained in terms of the Granato—
Liicke model of dislocation on damping. This has
been achieved by modifying the Cottrell-Bilby
equation to take into account the continuing pro-
duction of point defects during irradiation. Pipe
diffusion of the defect along the dislocation has
also been included in the theory. From the results,
the activation energies for diffusion to and along
dislocations have been obtained and are in agree-
ment with other workers.
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Growth sector boundaries and their
influence on quartz resonator performance

The influence of crystal defects on quartz res-
onator performance has been the subject of some
interest in the recent past [1,2]. In the present
paper, the occurrence of boundaries between
regions having differences in their impurity incor-
porations contained in the central part of quartz
reasonator plates is indentified with the
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malfunctioning of the crystals. These boundaries
are thought to be growth sector boundaries (gsbs)
{3—6] and growth cell boundaries [3].

The inclination of the plane of a quartz res-
onator plate relative to the crystallographic axes of
the material is a sensitive function of its
frequency—temperature behaviour [2]. The vari-
ation of the fractional change in frequency, Af/f,
with temperature for normally functioning AT-cut
[7] resonators is shown in Fig. 1. This figure also
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Figure I The frequency —temperature characteristics for AT-cut resonators and for crystals whose planes are rotated
from this exact orientation by small amounts about the X-axis of quartz, given in minutes on the right-hand ordinate.

AT = 0 represents 20° C.

indicates the frequency—temperature characterisics
of resonators deviating from this exact orientation.

v or X-rradiation of quartz specimens contain-
ing AI’* impurities substituted for Si** at the
centre of the SiO, tetrahedron give rise to the
formation of colour centres with their absorption
peaks at 460 and 625 nm; the distribution of this
type of impurity in the different sectors of growth
for quartz grown by the conventional industrial
process is known to generally follow a characteristic
pattern [8]. Both X-ray topography [9] and the
formation of colour centres by vy-irradiation have
been used as means of defect identification in the

present work.

Twenty 12 mm diameter resonator plates cut
from Y-bar blocks of quartz were studied. Their
planes lay within +4' of the exact AT-cut and
their fundamental frequency mode for thickness
shear vibrations [ 1] was at ~ 7 MHz. All the res-
onators had been previously found to exhibit an
anomalously larger change in their fractional
frequency with temperature (by a factor of ~ 3)
than would be predicted by the family of curves
shown in Fig. 1. The surface orientations of the
resonators were measured to within + ' by stan-
dard X-ray goniometric methods and their
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Figure 2 The frequency —temperature characteristics for resonators no. 1379 and 1326. The dotted line represents the

behaviour predicted by Fig. 1 for these crystals.

frequency-temperature  characteristics between
—20 and 60° C were also determined. The curves
for two representative resonators is shown in Fig.
2 along with the predicted behaviour for normally
functioning crystals; both resonators deviated
from the exact AT-cut by —2'.

Following the frequency measurements, twelve
of the twenty crystals were chosen at random for
examination by Xoay topography and -
irradiation. Fig. 3a and b show Lang topographs of
crystals no. 1379 and 1326 respectively, in which
increased photographic blackening represents areas
of higher X-ray fluxes. All twelve crystals showed
one or more lines of enhanced intensity on their
topographs in the region sandwiched by the evap-
orated metallic electrodes (represented by the
dotted line in Fig. 3a). On Lang topographs of
resonators showing no anomaly in their
frequency —temperature behaviour, similar lines of
enhanced intensity have sometimes been seen.
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However, they were found to lie either partly on
the periphery of the region enclosed by the
electrodes, or wholly outside it.

On comparing the sectorial pattern generally
observed in Y-bar synthetic quartz [6, 8] (see Fig.
3c), with the dark lines on the topographs of the
resonators, the lines of enhanced X-ray intensity
were easily identified as being due to gsbs for ten
of the twelve crystals. The pattern of colour centre
formation induced by <y-irradiation confirmed this
finding. For instance, in Fig. 3a, it is clear that the
lines at a, b and ¢ are due to the —X/Z, Z/X and
s/+ Xgsbs. The “flats” on the right-hand side of
both crystals lie in the Y—Z plane of quartz and
are inclined at an angle of ~ 35° to the c-axis. The
faint lines at d and e are attributed to growth
bands [10] and the contrast at f to the x/sgsb.
The Z-growth region in this crystal is smaller and
the x and s regions much larger than those
generally encountered.
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Figure 3 Lang X-ray topographs of two malfunctioning
resonators obtained using MoK, radiation. Diffraction
was from the 2710 and 2110 planes for resonators (a)
no. 1379 and (b) no. 1326. The arrows indicate the
direction of the diffraction vectors, which lie on the plane
of the page. The “flats” on the right-hand edges of the
crystals lie in the Y—Z planes of quartz and are inclined at
an angle of ~ 35° to the Z-axis. (c) A schematic represen-
tation of a Y-bar block of synthetic quartz illustrating the
seed of rectangular section near the centre and the dif-
ferent growth sectors around it. The AT-cut is also
indicated.

In the remaining two crystals, the line of en-
hanced intensity could not be identified unam-
biguously; the Lang topograph of one of them is
shown in Fig. 3b. The straightness of line a and its
angle of inclination to the c-axis suggests that it is
due to a —X/Z gsb. At first sight line b appears to
be due to a Z/x gsb. However, the absence of the
image contrast from the s/+ Xgsb in its vicinity
casts doubt upon this interpretation. The pattern
of colour centre formation did not clarify this
ambiguity since material from some growth cells in
the Z-region have been reported to colour on ir-
radiation [11} and X-ray toporgaphic image
contrast similar to that observed at gsbs has been
seen at growth cell boundaries [3]. It is concluded
that line b is either due to the boundary of a large
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growth cell in the Z-growth region, or it marks the
boundary between the Z and + X sectors, with the
x and s sectors not having formed in this crystal,
or it may be due to the image contrast from the
Z[x,x/s and s/+ X gsbs superimposed.

The presence of gsbs contained in the volume
of the crystal resonators between the electrodes,
to which the vibrations are principally confined,
appears to give rise to an anomalously large change
in the frequency of the resonators with changes in
temperature. This may be due either to the nature
of the boundaries or simply because material of
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differing impurity incorporation is present in the
vibrating reigion.

The growth cell boundary, which also appears
to be an impurity boundary, and the gsb may be
alike in structure judging qualitatively from the
similarity in their X-ray topographical image con-
trast. However, the nature of the former has not
yet been fully investigated.

A simple X-ray image converter capable of
permitting the rapid detection of gsbs in quartz
has recently been reported [12].
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Acoustic emission activity during
accelerated conversion of high alumina
cement pastes

High alumina cement (HAC) owes its high initial
strength to the formation of monocalcium alu-
minate decahydrate, dicalcium aluminate octahy-
drate and alumina gel, on hydration. These high
strength aluminates are metastable, however, and
decompose gradually to tricalcium aluminate
hexahydrate and gibbsite (aluminivm hydroxide)
which are stable up to about 200° C. This process,
termed “conversion”, entails a crystallographic
change from hexagonal to cubic and is accom-
panied by the evolution of water. Conversion takes
place very slowly at normal ambient temperatures
but is accelerated at higher temperatures. In recent
years it has been established that under adverse
conditions conversion leads to a serious loss of
strength in HAC pastes and HAC concretes [1,2].
The major factors affecting the strength loss
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during conversion are (a) the temperature of
conversion, and (b) the water/cement ratio of the
paste or concrete.

Pastes with a high water/cement ratio contain
very little residual unhydrated cement. The water
evolved during conversion, therefore, cannot be
absorbed, and appears as free water in the interior
of the paste. The main effect of increased tempera-
ture is to increase the conversion rate. This leads
to a larger aluminate crystallite size, which is
thought to adversely affect the strength.

Acoustic emissions (AE) are elastic stress waves
generated within a material by rapid discontinuous
relaxation of local stress. Common examples of
processes emitting AE are (a) dislocation motion
during plastic deformation of metals, (b) marten-
sitic phase transformations and twinning, and (c)
crack nucleation and propagation. It was not
considered likely that the conversion process in
HAC would itself be a source of acoustic emission,
since the reaction proceeds continuously with
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