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Potentionalities are discussed of using the optical microscope combined ;
weth a macrophotometer and a hot stage for recording automatically the
course of temperature changes in minerals and non-homogenous materials,
in a temperature range of up to 1,500 °C. The structural and volume chan-
ges and reactions are recorded as changes in the intensity of light trans-
matted through, or partly screened by the preparation. The method of
determining temperature-dependent birefringence changes and transmisse-
vty changes is described, as well as the dilatometric method, and examples
shown of the use of these methods in vartous fields of research. Thewr
comprehensive application renders possible a partial quantitative de-
scription of phenomena observed visually in the hot stage, extending thus
the possibilities of the established thermic methods. :

INTRODUCTION

Microscopic examination of a heated material provides ample possibilities of
studying decomposition, melting and recrystalization processes, polymorphic
transformations, ete. In cement, ceramics and glass research, the examination
by transmitted light is of major importance, since, apart from the study of the
above processes, it also permits to measure some optical properties [1]. However,
the visual examination of processes developing in the heated material mostly
provides only less exact information on their kinetics; therefore, new ways
how to simultaneously record the value which would better characterize the
nature and the course of these processes are being searched for. One of these
ways, introduced by R. P. Miller and G. Sommer [1], consists of combinig the
hot stage with high temperature D.T.A. The heated thermocouple method [2]
which is especially suitable for melts has a drawback due to the rough surface
of the specimen; in a medium with a low refractive index this results in a lower
quality of the micrograph. The measurement of optical values or the exami-
nation by transmitted light of processes taking place in solids at higher tempe-
ratures require the preparation of thin sections [3] polished on both sides;
if the liquid phase develops later on, examination by light reflected from a pla-
tinum plate has to be used [4]. A series of valuable data on the nature and de-
velopment of processes studied visually when using a microphotometer hot
stage may by obtained by recording the change in the intensity of transmitted
light. This applies in particular to birefringence changes in crystals, recrystal-
lization of glass, thermic dissociation of substances, development of liquid phase
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in polycomponent systems and exact determination of the meltlng point.
Combined with a hot stage and a microphotometer, the optical microscope may
also be used as a high-temperature dilatometer.

EQUIPMENT

A Leitz not stage (1350 °C) [5] adapted for a temperature range of up to
1500 °C and attached to a Leitz Ortholux Pol microscope was used. The hot
stage is designed as a vertical resistance microfurnace with a Pt-Rh winding
and a water jacket. In the inner heated tube of the furnace (Fig. 1) a sintered
corrundum tube (3) is placed coaxially supporting the lower platinum plate (4)
with a hole for the thermocouple joint (5). The wires of the thermocouple are
led from the opposite end of the tube (3) past the hole in plate (4) so as not to
obstruct the observation. Plate (4) supports a platinum slide (6, 12), an insert
with a larger hole (8) or rings (Z3) and an upper platinum plate with a hole
(9, 15). The remaining space of the microfurnace is filled with porous Al,Os3
ring (10, 16) and covered by an upper metal plate (11, 17) cooled through
the contact with the water jacket of the stage. Fach platinum plate has two
small symmetrical openings enabling the plate to be picked up with a forceps.
It is thus easy to insert and remove the preparation or to interchange both
alternative arrangements. The current for heating the stage is supplied by

Fig. 1. Arrangement of the hot stage tnner space. a — for thin sections and thin preparations,

b — for microphotodilatometry; 1 — sintered corrundum tube; 2 — heating coil; 3 — inner

sintered corrundum tube; 4 — lower platinum plate; 5 — thermocouple joint; 6, 12, — sup-

porting slide of the preparation; 7 — thin preparation; § — platinum insert; 9, 15 — upper

platinum plate; 10, 16 — porous Al,0; plate; 11, 17 — upper metal plate; 13 — platinum
ring; 14 — test specimen.
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variable voltage transformer with a reversible synchronous motor. The trans-
mission to the transformer axis is provided by a closed loop of a steel strand
and by a disc with openings permitting the heating and cooling programs to be
selected by the location of pins. Due to the small mass of the microfurnace,
a satisfactory linearity of the temperature changes in the preparation can be
obtained.

For transforming the intensity of light into electric voltage, the photo-
metric part of automatic Quantanal P-20 (6) quantitative analyzer has been
used, in combination with the a-y-recorder. This device has the advantage
that the diaphragm placed in front of the photomultiplier may be readily
exchanged and the size and form of its opening selected. The photomultiplier
being removed the image can be seen on the screen.

As the light source a low voltage lamp was used, fed from a controllable
stabilized direct supply unit of the Quantanal P-20 apparatus. All measurements
were carried out by means of monochromatic light with interference filters in-
serted between the diaphragm and the photomultiplier; this permitted the
preparation to be simultaneously examined in white light. The influence of
radiation emitted by the heated preparation had to be suppressed by selecting
a suitable wave-length; this is still feasible within the visible part of the spec-
trum at temperatures ranging to 1200 °C. For temperatures of up to 1500 °C,
a wave-length 4 = 376 nm was used for which the intensity of the emitted
radiation, compared with that of the transmitted light, in most cases did not
reach measurable values. For highly absorbing preparations the background
can be established by periodical short time screening of the lighting, and in
such cases the records have to be corrected according to the background curve.

With regard to the negligible mass of the preparation, a temperature change
of 20 °C/min was used. The microphotometer was fed by a regulated power
supply whose stability during the time needed for heating the specimen to
1500 °C or, possibly, for cooling it (150 min.) met all accuracy requirements.
The stability of the apparatus was tested by long-term recording of the constant
photometric deviation, and its attainment after switching on was always
registered graphically. In the course of measurement the stability of the appa-
ratus was checked by comparing the adjusted value of the photometric
deviation without the preparation before and after the measurement. Occasional
fluctuations, in the course of measurement, which might be due to extraordinary
mains voltage variations, are easily discernible in the recording.

All photometric measurements were made with the upper silica glass of the
hot stage removed, the transmissivity of silica glass being subject to conden-
sation-dependent changes taking place during the heating. The influence of air
convection in the proximity of the preparation was minimized by the internal
arrangement of the stage and by the selected size and form of the opening in
the upper metal plate of the stage. At higher temperatures, the light refraction
in the heated air layer between the hot stage and the objective produced
fluctuations in the deviation indicated by the microphotometer. This effect was
fully eliminated by placing a small fan at a certain distance from the microscope;
condensation on the front lens of the objective was thus simultaneously elimin-
ated and the cooling of the lens improved.

The data furnished by the Pt/10 9%, Rh-Pt thermocouple were corrected
for the real temperature of the preparation according to the B—a quartz
inversion and according to the melting points of gold, silver, and diopside.
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These temperatures were established by photometry, as will be described
further, and a scale of real temperatures for the a—jy-recorder was drawn up
acording to the correction curve.

TEMPERATURE —DEPENDENT BIREFRINGENCE CHANGES

Preparation of specimens

The thin sections used for measuring birefringence in the hot stage must be
well polished on both sides and their thickness selected so that the retardation
of the grain sections to be measured donot exceed the value of the wave-length
of the light by which the measurement is effected. For this purpose a polished
section is fixed on a glass slide with epoxy resin, and the final operation in pre-
paring the section consists then of repeated polishing which (possibly in com-
bination with etching) may reduce the thickness of the thin section to less
than 10 pm. The detaching of the thin section is carried out by evaporating
the resin at elevated temperature, preferably in a space connected to vacuumn
pump.

Photometric measurement of birefringence

The relationship between the intensity of light transmited through an opti-
cally anisotropic crystal between crossed nicols and the relative retardation of
light rays may be used for the photometric determination of birefringence.
This method, however, is accurate enough at low retardations only, and only
within the first order region it may compete with other accurate methods.

At first, a photometric deviation-retardation curve is constructed by means
of a quartz wedge and a compensator. The quartz wedge is placed diagonally
in the cross guide on the microscope stage so that its retardation may be com-
pensated e.g. by a Berck compensator. By moving the wedge diagonally, the
microphotometer is adjusted for minimum deviation corresponding to retar-
dation 2/2, and this deviation is adjusted for the whole range of the recorder
scale. By moving the wedge, the photometric deviation is adjusted for the
first minimum, and moving it gradually back, the deviations of the recorder
are recorded and, at the same time, the values of the corresponding retarda-
tions measured by the compensator. The compensator remains permanently
inserted in the slot of the microscope and, when recording photometric devia-
tions, it is adjusted for zero retardation. The compensation is made according
to the minimum deviation of the microphotometer, with the time constant
adjusted at a minimum. The measurement is carried out at a wave-length of
light used for high temperature recording and the size of the opening in the dia-
phragm of the photomultiplier is selected with respect to the relationship
obtained, which is affected by the optical system of the device employed, as
shown in Fig. 2.

When using this diagram in order to determine microphotometry of the
amount of retardation, the following procedure is to be adopted:

At zero retardation of the compensator, the grain to be measured is placed
in a diagonal position and the resulting retardation is adjusted by the compen-
sator to a A/2 value for which the photometric deviation reaches its maximum.
The difference between this deviation and that occurring at the extinction
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of the microphotometer for the same maximum as when plotting the diagram
(IMig. 2). After returning the compensator to the position of zero retardation,
the value of retardation 4 may be read directly from the diagram against the
photometric deviation and, the thickness of the thin sections being known, the
value of birefringence may be calculated for the wave-length used. (In accurate
measurement, this value has to be corrected for the change in photometric
deviation due to the inclination of rotating compensators. For this purpose,
too, graphical representation of the relationships of the compensator used
is recommended).
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Fig. 2. Photontetric deviation | V] retardation relationshap (A = 367 mm) and adjustment of

inatial retardation by compensator curve; A — inttial retardation of the section, A, — pho-

tometric deviation corrected by compensator, A, — starting point of measurement with shifted,
_curve passing through, R — retardation.

The diagram in Fig. 2 shows that for recording automatically the tempera-
ture-dependent changes in birefringence, a temperature range in which the
curve in the O—2/2 interval is almost linear is the most suitable. Since it is
difficult to prepare thin sections with the required retardation value of the
crystals to be measured, it is possible by means of the compensator to shift
the retardation value into the —2/2 region, as may be seen in Ifig. 2. In
such a case, however, when the retardation of the crystal measured decreases
to the value for which the correction was made, the photometric deviation
reaches its minimum, increasing then with {urther decrease in retardatiomn.
Then the real amount of retardation in the measured grain may be determined
by means of the shifted curve, in a manner shown in Ifig. 2. The determination
of the real retardation in the heated grain by means of a compensator may be
substantially simplified by using a transparent. When moving point A to
position 4;, by means of the compensator a curve is drawn through point 4.
on the transparent, to which correspond the same amount of retardation and
the new photometric deviation. The real retardation corresponding to the photo-
metric deviations recorded during the heating may be found by means of the
shifted curve on the original scale of the diagram.

The above technique of converting photometric records into the course of
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temperature-dependent birefringence changes requires the measured material to
exhibit constant absorption of light, which however, tends to vary at higher
temperatures, especially due to surface changes; corrections can be made for
temperature-dependent, absorption changes recorded at the same wave-length
of light.

Arrangement of equipment and measurement

The arrangement of the inner space of the hot stage is shown in Fig. 1la.
A thin section fragment is inserted between two platinum plates with hole
(6, 9), in a space provided by a platinum insert (8).

With regard to the size of the grain measured, the size of the circular opening
in the diaphragm placed in front of the photomultiplier of the the photometer,
as well as the magnification of the lens are chosen so that the surface scanned
be representative enough, without risking that its perimeter would get too
close to the grain boundary in.case of a possible displacement of the thin
section. Such a displacement produced by the heat expansion of the micro-
furnace, limitates the minimum size of grains whose birefringence can be
recorded photometrically as a tunction of temperature. In the device used for
this study, the critical size of grains was about 100 um. Since in the hot stage
the distance between the thin section and the condensor of the microscope
is greater, there is an advantage in using a low aperture condensor lens destined
originally for a universal stage.

The selection of grain suitable for measurement and the determination of
thickness of the thin section in this place by high magnification must be done
before the thin section fragment is inserted in the hot stage. In the hot stage,
the grain is placed in a diagonal position with the maximum oriented inversely
with respect to the compensator, and the photometric deviation of the first
maximum, adjusted by the compensator (retardation 2/2), is modified by the
control elements of the microphotometer for the value of the maximum pho-
tometric deviation in the diagram of the photometric deviation — retardation
relationship. The compensator being moved back to the position of zero
retardation, the photometer indicates a deviation corresponding to the actual
retardation of the crystal in the thin section. A suitable starting value of photo-
metric deviation is adjusted by the compensator according to the supposed
extent of change in retardation under heating, and further temperature-
dependent changes in the photometric deviation are automatically recorded
after the heating has started.

TEMPERATURE-DEPENDENT CHANGES IN LIGHT
' TRANSMISSIVITY

When a light beam is transmitted through a continuous medium containing
particles of varying refractive indices or consisting only of such particles, its
intensity decreases under the effect of diffusion. This decrease in intensity
depends on the number of particles and on the relation of their size and distance
to the wave-length of the light. When the size of the particles substantially
exceeds the wave-lenth of light, diffusion is produced at their boundaries by
refraction and reflection. This diffusion increases with the difference in the
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refractive indices and with the number of particles. If, for example, air in
the intergranular spaces of a pulverous material is replaced by a liquid, the
intensity of transmitted light will substantially increase. The refraction and
reflection of light at the boundaries of grains involve polarization of light and
if the number of particles afflicted by the transmitted light beam is large
enough, even optically isotropic non-homogenous material appears the same
between crossed nicols as an optically anisotropic material. In such cases also
the temperature-deviation curves are similar. The advantage of crossed nicols
consists of eliminating the influence of cracks and holes in the preparation,
which remain dark, and in the possibility of recording further optical
changes.

The measurement of the temperature-dependent changes in light transmis-
sivity may be used for studying the processes of liquation and crystallization
of glass, sintering and recrystallization in solid
phase, dissociation and dehydroxylation of mine-
rals, formation of partial melt, and reactions in po-
lycomponent systems, etc. However, these curves
do not furnish absolute quantitative data. Their
interpretation is usually possible only in com-
bination with visual observation. Since this method
is highly sensitive to changes in the material tested,
it may be regarded as a suitable complement to
other thermic methods.

Preparation of specimens and arrangement
of equipment

As to the solids of which thin sections can be
made, the preparation is the same as when mea-
suring the temperature-dependent changes in bi-
refringence; however, the thickness of the thin
section may be greater, owing tolight transmissivity.
Of fine grained materials, such ase.g. clay minerals,
thin and strong plates may be prepared by drying
a liquid suspension on an alluminium foil. The de-  Fig. 3. Mould for pressing thin
taching of the preparation from the foil may be tablets. 1 — counter-puston,
effected by bending it over an edge. Coarse-grained 2 4__?]13’1‘;?7;‘;”; ‘; _ g;:é‘::”
materials, such as cement and ceramic materials, i )
need to be pressed into thin tabletsin steel moulds
(Fig. 3). The height of the layer of dry powder 2 on the front of the piston 3
can be adjusted by selecting a suitable insert 5. When the counter-piston 1 is
placed into position, the insertisremoved and a thin circular tablet (dia 3 mm)
is produced by pressing. The thickness of the tablet is to be selected with
regard to the intensity of light used in the microscope and to the composition
of material. In this way, even 0.1 mm thick tablets may be obtained.

For recording temperature-dependent changes inlight transmissivity, a large
opening in the diaphragm of the photomultiplier and a low-magnification
lens were used, in order to obtain the greatest possible light yield and a scanned
surface representative with respect to the homogenity of the material. The
arrangement of the hot stage is the same as that used for measuring tempera-
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ture-dependent birefringence changes (IFig. 1a). When the preparation is melted,
the platinum plate must be cleaned in acid or, possibly, ground using abrasive
paper.

Measurement

The range of light changes for which the amplification of the signal and the
starting point of recording have to be adjusted varies considerably with the
nature of the preparation and with the processes developing under heating.
Asarule, a first record has to be made under fast heating and slightly increasing
the voltage of the photomultiplier; then, according to the result obtained,
the positions of the microphotometer and the recorder have to be adjusted.
By changing the amplification and by selecting compensatory counter-voltage,
it is possible to control the sensitivity in a wide range or, possibly, to specify
some interesting parts of the record. In less transmissive preparations or when
using lower wave-legnths of light, the value of the photometric deviation due
to the emitted radiation is to be determined by periodical short-time screening
of the illumination. A background curve is plotted through the points obtained
as the design of the microscope allows; visual observation is made simul-
taneously with the record.

Fiy. 4. Diagram of photometric measurement of dilatation; a — linear dilatation, b — area
dilatation. Relationships between size and photometric deviations:

L~7, P~ 7,
Le ~ Vo, Pe ~ Vy,
Lu ~ V“, Ptl ~ Vu.

MICRODILATOMETRY

An optical microscope equiped with a microphotometer and a hot stage may
easily be modified in order to be used as a high-temperature dilatometer. The
volume changes in objects are recorded as changes in the photometric deviation
produced by a light beam partly screened by the object. If the beam has two
absolutely parallel planes, as when passing through a slot, the photometric
deviation will be proportional to the length of its screened part and in this
case the dilatation of the object in the direction of the slot (Ifig. 4a) will be
Ly — Ly, Vi— Ty,

AL[%] =" 100 = '

b . 100.
Lg Ve
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Similarly, the change in the surface of the object in a plane perpendicular to
the axis of the beam (Fig. 4b) will be

Pi— P o
AP [%] = : TN “ 100 = Lt._,_Vt‘l.' 100.
Py V.
1 T
40—4«} ; ‘ ! ]
=
55 r" g
—
5 ; !
W
. é
< !
o
£ 2+ i
=
&
o,
¢
TF © —
‘K‘ﬂ c:s‘)
0 s T S — | x
0 1 2 3
L [mm])

Fig. 8. Light intensity distribution in the plane of the photomultiplier diaphragm, over a line
perpendicular to the dilatation of the wire. | — width of object.

[ [ [ I T 1 !
4 4 ("G’_Q =
5
~
~
S
< 3tk i
]
9
[
&
E 2f i
o
a
1+ N
0 ] 1 ! 1 1 1 |
0 20 40 GO 80 100 120 140
Llpum]

Fig. 6. Light tntensity distribution in the plane of the photomultiplier diaphragm, over a line
drawn through the center of a pyrite grain. | — width of object.

silikaty &. 2, 1974 113



S. Chromyy:

In reality, however, the object is sufficiently illuminated by the light reflected
from the lens and diffraction is taking place at its boundary. .Consequently,
the image of the measured object will never be absolutely dark in the plane of
the photomultiplier, but will always exhibit a certain degree of illumination,
depending on the size of the object and on the wave-length of light.

The distribution of the intensity of illumination over the projection of the
object on the diaphragm of the photomultiplier and on its surrounding was
measured in practice. As objects there were used wires of various diameter and
pyrite grains, placed on a planparallel glass slide on a microscope stage equiped
with a micrometric manipulator. Moving the object, the value of the photo-
metric deviation was gradually determined in a line either perpendicular to the
dilatation of the object or passing through the center of the isometric grain.
The circular opening of the diaphragm of the photomultiplier had a diameter of
0.063 mm; the actual size of the scanned surface is represented in Fig. 5 and 6
by circles around the points of the curves. _

‘As may readily be seen from Fig. 5 and 6, the illumination level of the object
is low and practically constant, rising somewhat with its decreasing size. The
rounding of the shape of the photometric deviation on the boundaries of the
object is due to diffraction and to the final size of the diaphragm opening of
the photomultiplier. An increasing illumination intensity was established
only at higher magnification when the diameter of the area scanned by the
photometer was small enough in relation to the width of the interference bands
(Fig. 6). The areas above the curves in Figs. 5 and 6, delimitated from above by
the levels of the photometric deviations outside the objects, are proportional
to the decrease in photometric deviation occurring after the insertion of objects
into the hot stage. Due to the changes in the size of objects, occurring to an
extent given by the thermic dilatation, only a parallel displacement of the
sheer parts of curves is taking place, the changes in the size of areas reflecting
the relative changes in the size of the objects. This means that the change in the
photometric deviation, related to its decrease after insertion of the object into
the hot stage, will be proportional to the change in the size of the object. The
above relationships which were determined geometrically, will hold also in
practice for small changes in the size of the object (Fig. 4). -

Preparation of specimens and arrangement of equipment

The size of the inner space of the hot stage and the minimum magnihcation
of the microscope permit to use prisms of a size of up to 2x2x 6 mm. Small
test specimens of lump material are prepared by grinding. Test specimens of
materials with a low light absorption have their upper side formed by two
polished surfaces which are at an angle of 90 degrees. Theimage of these test-
pieces in the plane of the diaphragm of the photomultiplier is also dark due to
the total reflection of light. Specimens of powdered materials are pressed in a
precision ground steel mould. By forcing the piston into the mould at a constant
distance, small test specimens of the same shape and volume may be pressed as
well as test specimens of the same density in case of the same batch. The small
size of specimens allows such compressions to be used that the test pieces pres-
sed of powder materials are strong enough and easy to handle. The test speci-
mens are inserted in the hot stage on a platinum plate with an opening, so that
their dilatation is perpendicular to the axis of the slot in the diaphragm of
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the microphotometer photomultiplier (Fig. 1b, 4a). In practice, the minimum
size of the specimen is limited primarily by its movement in the course of heating,
which is due to the dilatation of the heated parts of the hot stage. Because of
this, only larger grains may be measured by means of a slot in the diaphragm,
i.e. grains whose outline has the two opposite sides straight and approximately
parallel. TFor smaller grains of common shape, the measurement of grain area
changes in a plane perpendicular to the optical axis of the microscope seems to
be more suitable. The opening of the diaphragm is circular (Ilig. 4) and the
magnification of the measured grain in the plane of this diaphragm has to be
selected so as to allow the projection of the grain — i spite of the latter’s dila-
tation and movement — to remain inside the opening, not approaching too
much its periphery.

These small grains are put on a transparent slide whose light transmissivity
either does not change within the given temperature range or is determined be-
forehand. The attainable measurement temperature depends on the beginning
of the mutual reaction. Sapphire plates supplied by the hot stage manufacturer
are suitable for being used as supporting slides. In preparing the equipment
it is necessary to check whether the image observed in the microscope is also
sharp at the plane diaphragm. This check is essential especially when using
Bertrand lens; it may be carried out by means of a screen placed at the plane of
the photomultiplier diaphragm. At the same time, the orientation of the slot has
to be examined and its center situated so as to coincide with the center of the
cross wire graticule of the eyepiece. Thesmall test specimen is inserted intothe
hot stage and — under the rotation of the stage — it is put into a position
perpendicular to the dilatation of the slot. When using micrometer eyepieces,
the specimen is positioned by the centring screws of the hot stage into the
center of the field of view so that its image at the plane of the photomultiplier
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Fig. 7. Light intensity distribution over the length of the slot in the photomultiplier diaphragm.
1 — length of the slot.
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diaphragm covers symmetrically the central part of the slot (Fig. 4a). The rela-
tionship between the slot length and the eyepiece scale being l\nown it is pos-
sible for the small test specimens to be correctly placed in the hot stage when
the photomultiplier is put on. The slot length and the magnification are chosen
with regard to the maximum size of the test specimen (lullno the heating, so as
to keep its boundaries within the area of linear dependence of the photometric
deviation on the slot length, as will be described in the following.

The relation between the slot and the eyepiece scale remains constant for
various magnifications and, hence, the slot length being constant, it is possible
to change the lenght of its coverage by the object only by changing the magni-
fication, the photomultiplier being fitted on. This relation, however, being
different for the Bertrand lens and for the lens proper, has to be determined
individually. The illumination of the field of view in the part which is projected
on to the slot must be uniform and special attention must therefore be paid to
the centering of the illumination system of the microscope. A very good
uniformity as well as an increased intensity of illumination were achieved
with the hot stage when using condensors destined for universal stages. The
distribution of the intensity of light over the length of the slot in the diaphragm
of the photomultiplier was determined by omdually screening the slot by a
screen moved micrometrically in the plane of the microscope stage (Iig. 7). An
analogical test can be carried out for the circular opening in the diaphragm .
by screening four times one half' of the opening in two directions perpendicular to
cach other.

Measurement by means of a slot in the photomultiplier diaphragm

The equipment being arranged, the photometric deviation corresponding to
the non-screencd slot is a(lJustod for the whole range of the y-axis of the @-y-
recorder. This adjustment is carried out with the voltage of the photomulti-
plier somewhat amplified, in ovder to enable the amphﬁcatlon reserve to be
used for adjusting the sensitivity of the recorder. Upon inserting the measured
test specimen into the hot stage and placing it at the center of the field of view,
perpendicularly to the dilatation of the slot in the diaphragm of the photomulti-
plier, the decrease in photometric deviation indicates the initial size of the
object to which the imcasured change will be related.

This value is adjusted by steplessly amplifying the voltage of the recorder of
photometer for the whole range of the y-axis of the recorder in such a way that
the residual value of the photometric deviation be amplified proportionally.

The sensitivity of the recorder is adjusted by amplifying the voltage of the
photomultiplier. Since the residual value of the photometric deviation after
amplification would exceed the range of the recorder, it is offset by adequate
countervoltage, by the valuce of which the starting point of the recording is
simultaneously fixed with respect to the presumed course of the dilatation
curve.

Example: Range of recorder V = 20 cm, decrease in photometric deviation
after the insertion of the test specimen measured V, = 16 cm; hence, the resi-
dual value of the photometric deviation V, = 4 em. The value of the amplified
residual value
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Ifor instance, a ten-fold successive amplification will imply that on the vertical
axis of the recorder 2 cm will correspond to a 19, change in the size of the
test specimen.

Measurement of arca changes

In this type of measurement, the temperature dependent change in the pro-
jection area of a particle, in the plane of the diaphragm of the photomultiplier,
is recorded. In materials with isotropic volume changes the total length
change '

e
o = (/758 1) 1o

the arrangement of the apparatus being similar to that employed in measuring
by means of the slot in the diaphragm photomultiplier.

The arrangement employed in measuring arca changes may be used for deter-
mining the point and the course of melting of microscopic particles. The partic-
les of common shape are changed into a drop of melt, the diameter of which
is always different in a plane perpendicular to the optical axis of the microscope.
For this purpose, the examination by refleccted light and a polished platinum
slide may also be used.

EXAMPLES OF APPLICATION OF THE METHODS DESCRIBED

For comparing the results obtained by the methods described, quartz was
selected in view of its different polymorphic transformations and the related
optical and volume changes. A curve of change in photometric deviation under
crossed nicols in a section parallel to the optical axis was constructed with
the correction made by a compensator (Fig. 8a) and converted by means of
a transparent into a birefringence-temperature relationship (Ifig. 8b). The
similarity of both curves and the more pronounced shape of the curve in IFig. 8a
may readily be seen from the figures. The final value of the photometric
deviation is distinctly smaller than the vesidual value corresponding to
the retardation of the compensator, because in the course of the a-quartz
e-cristobalite transformation the absorption of the thin section increases
considerably under the effect of cracking. Therefore the cooling curve could
not be converted into a birefringence-temperature relationship, and it was
not possible to determine the birefringence of B-cristobalite arising in the form
of smaller and differently oriented grains. It is evident, however, that the
curve of the photometric deviation is characteristic enough for the nature of
the three polymorphic transformations. I'ig. 8c shows temperature-dependent
variations in light transmissivity obtained under parallel and crossed nicols
by illuminating thin pressed quartz powder tablets. The shape of both curves
is nearly the same up to a temperature of 1250 °C and the p—a-quartz trans-
formation is not recorded. Therefore only changes in the structure of the
tablets are recorded within this temperature range; these changes seem to be
produced by the volume changes of particles, since in visual examination by
white light only changes in the colour of the transmitted light may be observed.
The following abrupt rising of the curve obtained without the analyzer seems
to be the consequence of the initial sintering whose intensity grows rapidly with

silikaty & 2, 1974 117



S. Chromyj:

the beginning of the «-quartz — «-cristobalite transformation. A decrease in
the intensity of the transmitted light is recorded under crossed nicols as a con-
sequence of the decreasing polarization of light on the quartz particles and of
their loss of birefringence. The sintering of the tablet implies substantially
increased light transmissivity and therefore even a minor birefringence of
B-cristobalite produces a pronounced increase in the photometric deviation
during polymorphic transtormation.
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Fig. 8. Micrometric records of temperature changes in quartz (A = 376 mm, 20°C|min).
— heating, ——- cooling.

a — change in photometric deviation under crossed nicols, section II c (thin section),

b — change in birefringence according to curve a, ¢ — change in light transmissivity of

a thin tablet pressed of powder, ——— without analyzer, —.—. — with analyzer, d — dilatometric

curve in direction c (test specimen ground from a monocrystal), e — dilatometric curve for

direction c (test specimen ground from a monocrystal), f — dilatometric curve of a test speci-
men pressed from powder.
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In Fig. 8d, e, dilatation curves are shown of test pieces ground in directions
perpendicular to and parallel with the crystallographic c-axis of quartz, and
in Fig. 8f a curve in seen of a test specimen pressed from powder of the same
crystal. With ground test specimen, the change produced by the a-quartz —
a-cristobalite transformation is more pronounced owing to the formation of
cracks, in contrast to test pieces made from powder, in which the sintering of
particles is conspicuous. In Fig. 9, three examples are shown of decomposition
processes during the heating, defined by the change in light transmissivity, as
well as a curve obtained for the glass used for manufacturing glass-crystalline
material. There is an evident difference between the dissociation of calcite,

-
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I"ig. 9. Temperature-dependent changes in light transmissivity of |
' .= .= gypsum, plate according to (010),
....... calcite, plate according to (1011),
muscovtte, plate according to (001),
——————— glass, thin section,
—.—.—.— tllite I'ithian, suspension dried on alluminium foil.

whose course is continuous, and the dehydroxylation of muscovite, characte-
rized by abrupt separation of flakes (001). The light transmissivity curve for
glass is reversible up to the first temperature maximum (cca 770 °C) and its
decrease in this region seems to be produced by temperature fluctuations and
liquation. The following decrease in light transmissivity is irreversible and
expresses the course of crystallization, the crystals being visually discernible in
the microscope only at temperatures of about 1000 °C. The final rising of the
curve is a consequence of the dissolution of crystals and of the melting of the
thin section.

The curve for illite shown in Fig. 9 exemplifies a photoelectric record of
changes occurring in a ceramic raw material, especially of the formation of
a liquid phase during the heating. The test specimen was prepared by sedi-
mentation of a drop of suspended illite on an alluminium foil and the surface
of the flakes may therefore be assumed to be oriented perpendicularly to the
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optical axis of the microscope. The cause of the decrease in light transmissivity
is similar as in the case of muscovite and the shape of the curve exhibits a wide
range of dehydroxylation as a consequence of the dispersion of the particle size.
The rising of the curve from about 1050 °C corresponds to the formation of
the liquid phase, which also takes place in a wide temperature interval, so
that it is difficult to determine by other thermic methods.

SUMMARY

The paper deals with the photoelectric recording of temperature-depenclent
changes occurring in heated microscope preparations and with the application
of the optical microscope to microphotodilatometry.

The combination of a hot stage with a microphotometer renders possible to
record temperature-dependent changes in the birefringence of crystals and in
the light transmissivity of non-homogenous materials in a temperature range
of up to 1500 °C. As preparations may be used thin sections ground on both
sides, thin tablets pressed from powder material, or thin layers obtained by
drying substances suspended in liquids. Under controlled heating the prepa-.
ration is illuminated by a stabilized source of light and the temperature-
dependent change in the intensity of the transmitted light under crossed or
parallel nicols is recorded by an a-y-recorder as a change in photometric
deviation. By using a compensator, it is possible to choose that region of the
photometric deviation which is optimum for measuring the temperature-
dependent changes in retardation, and by using a shifted curve plotted on
a transparent the conversion into birefringence-temperature relationship may
easily be effected.

The recorded temperature dependence of light transmissivity expresses the
course of the visually observed processes as well as their instantaneous relative
intensity. Examples are listed of the course of the loss of crystalline water in
gypsum, the dehydroxylation of muscovite and illite, the dissociation of calcite
and the liquation and crystallization of glass.

The dillatation of test picces and microscopic grains is recorded as a change
in the photometric deviation produced by a beam of light of a suitably selected
diameter and partly screened by the measured object. The shape and the
liameter of the beam is given by the opening in the diaphragm placed in front
of the photomultiplier, on which diaphragm the measured object is projected
by the optical system of the microscope. The practical delimitation of the
influence of diffraction and of light reflection from the frontal lens has proved
that in the range of potential dilatations the change iu the photometric devia-
tion is proportional to the change in the size of the object. The method descri-
bed enables dilatometric curves to be constructed for objects larger than 0.1 mm.
lixamples are listed of dilatation curves for B-quartz in directions perpendi-
cular to and parallel with the c-axis of the crystal, as well as a curve for a test
specimen pressed {rom powder.
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High-Temperature Microphotometry and Microdilatometry
VYSOKOTEPLOTNI MIKROFOTOMETRIEA MIKRODILATOMETRIE

Stanislav Chromy

Vyzkumny ustav stavebnich hmot, Brno

V ¢&lanku je popsdn zpusob fotoelektrické registrace pribéhu tepelnych zmén v zahif-
vanych mikroskopickych prepardtech a pouziti optického mikroskopu jako mikrofotodi-
latometru. Spojeni zahtivaciho stolku s mikrofotometrem umoznuje registraci zmény dvoj-
lomu krystalt a svételné propustnosti i nehomogennich materidla s teplotou do 1500 °C.
Jako prepariti lze pouzit oboustranné leSténych vybrusii, tenkych tablet, slisovanych
z praskt nebo tenkych vrstev, ziskanych vysuSenim suspenzi v kapalindch. Preparat
je v pribéhu fizeného ohievu osvétlen stabilizovanym svételnym zdrojem. Zména inten-
zity prochézejiciho svétla s teplotou pii zktiZzenych nebo rovnobéznych nikolech je re-
gistrovdna soutadnicovym zapisovaéem, a to jako zména fotometrické vychylky. Pouziti
kompenzdtoru umoziiuje volbu optimélni oblasti zmény fotometrické vychylky pro mé-
feni zmeény zpozdéni s teplotou a pouZiti posuvné kiivky na prasvitce usnadnuje prevod
na zdvislost dvojlomu na teploté. Zdaznam svételné propustnosti na teploté vyjadiuje
prabéh procesii, pozorovanych vizudlné, a jejich okamzitou relativni intenzitu. Jsou
uvedeny piiklady prabéhy ztraty krystalové vody sddrovce, dehydroxylace muskovitu
a illitu, disociace kalcitu a likvace a krystalizace skla.

Dilatace malych télisek i mikroskopickych zrn je registrovana jako zména fotometrické
vychylky vyvolané svételnym svazkem vhodné voleného priifezu, 8dsteéné stinéného
meétfenym objektem. Tvar a prifez svazku je dén otvorem ve cloné fotondsobide, na kterou
je méreny objekt optickou soustavou mikroskopu promitén. Praktické vymezeni vlivu
ohybusvétlaa odrazu od frontélni ¢oé¢ky objektivu prokézalo, Ze v rozmezi moznych dila-
taénich zmén je zména fotometrické vychylky amérnd rozmérovym zméndam objekt.
Popsand metoda umoznuje poiizeni dilatometrickych kiivek objektt vétsich nez 0,1 mm.
Jsou uvedeny piiklady dilataénich kiivek vychoziho B-kiemene ve sméru rovnobézném
a kolmém ke krystalové ose ¢ a kiivka téliska, vylisovaného z prasku.

Obr. 1. Upravy vnitintho prostoru zahfvactho stolku a — pro vybrusy a tenké preparaty,
O — pro makrofotodilatometrii; 1 — trubka ze slinutého korundu, 2 — topné vinuti, 3 —
vniting slinutd korundovd trubka, 4 — spodni platinovd desticka, 5 — svar termodllanku,
6, 12 podloka prepardtu, 7 — tenky prepardt, 8 — platinovd vlozka, 9, 15 — svrchni plati-
novd destika, 10, 16 — vloZka z porézniho Al,0;, 11, 17 — svrchnt kovovd deska, 13 —
platinovy krouzek, 14 — télisko.

Obr. 2. Zawislost fotometrické vychylky [V]na zpoZdéni (A = 367 nm) a nastavent vychoztho
zpozdént kompenzdtorem pomoct posunuté kiivky; A — phwvodni zpozdéni fezw, Ay — foto-
metrickd vychylka, opravend kompenzdtorem, Az — viyjchozi bod méieni s proloZenow posu-
nutow kitwkou, R — retardace.

Obr. 3. Forma na lisovant tenkych tabletek; 1 — protipist; 2 — prasek, 3 — pist, 4 — pouzdro,
§ —vlozka.

Obr. 4. Schéma fotometrického méfent dilatace; a — linedrné, b — plosné. Vztahy mezi
rozméry a fotometrickyms vychylkamsi:

L~7V, P~V,
Ly ~ Vs, Py ~ Vy,
Ly ~ Vi, Py~ Vi

Obr. §. RozloZeni svételné intenzity v roviné clony fotondsobife v linii, kolmé k protatent
drdtu; | — Stie objektu.

Obr. 6. RozloZent svételné intenzity v roviné clony fotondsobile v linii, prochdzejici stiedem
pyritového zrna; | — stie objektu.

Obr. 7. RozloZent svételné intenzity po délce §térbiny ve cloné fotondsobife; l = délka stérbiny.
Obr. 8. Mikrofotometrické zdznamy tepelnych zmén kiemene (A— 376 nm, 20 °C|min).

— ohi‘ev, - - - chlazeni, a — zména fotometrické vychylky pii zkiiZenych nikolech, Fez rovno-
béiny s osou c (vybrus); b — zména dvojlomu podle kiivky a, c — zména svételné propust-
nosty tenké tabletky, vylisované z prasku, — bez analyzdtoru; —.—.—. s analyzdtorem,

d — dilatometrickd kitwka sméru c (télisko, vybrousené z monokrystalu), e — dilatometrickd
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kfivka sméru ¢ (télisko, vybrousené z monokrystalu), f — dilatometrickd kiivka téliska, vyli-
sovaného z praskuw.

Obr. 9. Zména svételné propustnosts s teplotow;

—..—..— sddrovec, desticka podle (010),

oo v. kalcit, desticka podle (1011),

———— muskovet, destiCka podle (001),

—————— sklo, vybrus,

—.—.—. tllet Fithian, suspenze, vysusend na hlinikové foliz.

BHBICOROTEMIIEPATYPHAS MITEKPO®OTOMIETPIIfL
H MIURPOILHJIATOMETPIHA

Cranncaas X poMbl

HHH cmpeumeavniz samepuaros, B pro

B craTtne omicpiBaercs: ¢rnocod JOTOINEKTPUUCCKOIT pPerlicTpalyun Xoja nsseHennii remmne-
paTypnl B HArpeBACMBIX MIKPOCKOMIMECKIX Npenaparax I HcII0JL30BAHIC ONTHYECKOIO
MHKDOCKONIA B KauccTBe Mikpodorojuiiaroderpa. Cocjiiicue larpeBaTe;ILHOI0 CTOIMRA
¢ MHKPO(OTOMETPOM JIACT BO3MOKIIOCTL PCITICTPIPOBATL N3MCHCHIIS JIBOIIHOIO STV 4eNpPe;10M-
JEHIST KPICTAJUIOB I CBETOIPOMIIAEMOCTI TaKiKC 1I Y HEOJIHOPOHHBIN MATepHailon MpI
remnepatype jio 1500 °C. I3 kauecTBe mpenapaToB MOKIO NPIHMCIHSITL JI0IUCHHBIE ¢ 000HX
CTOPOH MBI, TOHKHE TadJCTRII, CIIPECCOBAHIILIC 113 TIOPOUIKOB J1JlII TOHKIX €10eB, 1101y~
9CHHRIX BLICYDINBAHIIEM B3Becll B JKIIKocTAX. llpenapar B xojie ynpap:isgemoro odorpena
OCBCHIAETCSI CTAOIAN3NPOBAHIILM IICTOUIIIKOM CBETA, II N3MENCHIIC HIITeICHBHOCTII HPO-
XOjSIIIICI'O CBETA 110 MCPE LIBMENEHIsI TeMIIePATY PHl IIPI MCPEKPeCTHBIX 117111 [aPalie IbHbIX
HHKOJISAX 3aIICHIBACTCS KOOPJUIHATHLIM CAMOIHCUCM RaK II3McleHile (OTOMETPIIYCCROrO
oriuioHen s I1pinencinie KOMIEHCATOPA JIACT BO3MOKIIOCTE 1130PaTh ONTHMAILHVIO 00/14CTL
I3MeHeHisI (JOTOMCTPHUCCKOIO OTKAONECHIIS JIIIsI M3MCPEHHS 113MCICHILST 3a1ePKIl COITIACIIo
TeMIICpaType, a IIPIMCHCHIIe CMEIICHHOH KPUBOIL I1a KaJibke o0rerdaeT nepeBo Ha 3aBICH-
MOCTH JIBOMIIOI'O JIYUCHPEJIOMICHHSI OT TeMIepaTyphl. 3aBHCIMOCTL CBCTOOPOHNIIACMOCTI
OT TCMIICPATYPHI BLIPasKaeT XO0ji BHBYAJLIO Hal:II0lacMBIX 1(POIECCOB I 11X MIHOBEIIIYIO
OTHOCHTEILIIYIO HIITCHCHBIOCTE 1] PHBEJIEIIBI IIPIMEPLI HPOICCCOB 1I0TEPli KPHeTa L IuCeCROil
BOJILI B THIICAX, JCTIYIPORCILIAIINI MYCKROBITA If IIUINTA, JUICCOIUIAIINT KadbInTa H JIIKBAIUIII
Il KPICTAJIIBAINIT CTERA.

,I]meTalum MaJILIX TEJICIl 1 MHKPOCKOIHYECKHMX 3epell PeriucTpupy n3MelreHIe
(JOTOMETPIIUECROr0 OTKIOHCIINS, BHI3BAMIIONO ITYUKOM JIYUCH BLITO1IO cevelns,
YACTIIYHO YRPAIIPOBAIIHLIM N3MCPSICMBIM 00BCKTOM. (DopMa 11 ceuenie JdaHLl OTBEp-
cTHEM B juadparyMe (JOTOYMIIOIKNITCIL, Na KOTOPYI® N3MEPFCMLIi OOHCHT NPOCKTIPYCTCST
ontnueckoil cricreMoif Mukpocrona. Ilparrtiriechoe onpejiesienie BAMAHEA  Audpariiil
CBCTA I OTPAKCHIST 0T JPONTANLHOI M3 00BEKTHBA JIORA3A10, UTO B [PLIe1ay BO3MOK-
HBIX JHIJIATAIUIONIIEIX H3Mellelinii u3MeHelne (JOTOMCTPIUCCROr0 OTKIOHeHUA OV,ieT IPOIoP-
UIONAJLHLIM  N3MEHCINISM  PasMCPOB  HCCAEAYCMBIX 00BLEKTOB. Omicadmumil Mero; Jaer

BO3MOKIIOCTL  CO3JAaThL JUNIATOMETPIHUECKKIIC KWpIBLIC OG'I)OI{TOB, HpeBRIIa u,1 M.
“])IIBO[(CIII»I MPHMEPDI JUIATAIIOIHBIX RPHBLIX HCXOJIIONO 0eTa-kB P B H BJICHHSIX
LapaJIIICIBLHOM I IICPTICILPIRYANPHOM K OCII KplIicTa:ia ¢ I kpiBas BAHHOI

n3 lopollnia.

Pue. 1. 1lpnenocod:rcine BiyTpeumiero npocTpalcTBa IalpeBaTe; — a7t
HEIIOB 31 TOIKMX NpEIapaToB, b — JUIs MHKPOQOTO/IIIATOMET i clen-
mierocsi KOpyHja, 2 — HaKaubHasg OOMOTKa, 8 — BHYTPCHHSIS erocst
Kopymyjia; 4 — INGRHA 11aThiioBas TpyORa, § — cBapHoll 1110B } 101~
KIIQJika mperapara, 7 TONKIND mpemapar, § — ILIATHIIOBLIT BE:I XHSISI
OJIAaTHHOBasI IiTKa, 10, 16 — BRIAJBUIL 113 1IOPILCTOI ORIICI 11, i XHSIST
MeTasunecTast 1:1ra, 13 — NIaTHiloBoe Ko:iablo, 14 — ro710BKa.

Prc. 2. 3apucinmocTs (poromerpiriccroro otkionenus (1) ot 7 nm)
M YCTAHOBRII IICXOJIHOIl 3ajlepKII KOMICHCATOPOM 1Pl 110M oi1;
A — nmavasbiast sajiepKra ceueHust, s, — oToMeTpituecKoe

KOMIICHCATOPOM, «2 — NICXOJIIasi TOUKA N3MCPCHIIST CO cMeIIeiin I AHEa.
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Pue. 3. Mopma JUIst mpeccoBamlisi TOHKHX TadieTow; / — KOHTPIOPIICIL, 2 — NOPOIIOK,
3 — nopulens, 4 — BTYAKa, § — BRIAJ(LIIL

Pitc. 4. CxeMa JOTOMETPHUCCKOI'O H3MEPEH IS JMIIaTalyill; & — JIHeilHas, b — 1/10CKOCTHAS,
COOTIONICHIST MEALY padMepaMIl i (JOTOMCTPHUCCKHUMH OTKIOHCHH NI

L—V, I
L¢~—-V¢, . Pt_Vty
Ly — Vi, Py — Ve

Puc. 5. Pacno:osxcenie MHTCHCHBHOCTIL CBETA B IIOCKOCTH IadparMul OTOYMHOMKIITEINSI
B JUIHII, TICPTCIJ{HRYIsPIOIl K IpoBosoke; [ — IMIPHHA 00DBeKTA.

Piuc. 6. Pacnomoxcenie HHTCHCHBHOCTH CBeTa B IIOCKOCTII Aua)parMbl B JIMHHEA, IPOXOf-
Aneit yepes3 eHTP 3epHa NHPHTA; [ — Hpia 0o0BeKTa.

Pic. 7. Pacnodioxkerite HHTCHCHBHOCTI CRETA IIOIIHC INEH B jitadparme (JOTOYMHOMNHTEIIS; -
I — jLoina 1eind.

Pic. 8. Murpo@oToMeTpuUccKIile 3aliicll TePMIICCKHX H3MeneHuit kpapua (4 = 376 nm,
20 °C/mun.), —— oborpes, — — — OXJIUKjICIIIC. @ — H3MEHEeHIIe (JOTOMETPHUECKOTO OTRIIO-
HCHILA IIPH JIEPCKPECTIILIX HIROMSX, CCUeIIIe, TaPANICILHOe ¢ 0ChIo ¢ (1nd), b — 13MeHene
JIBOITHOI'O MPEJIOMIICHIISI 110 KPIBO{i ¢, ¢ — H3MEelUeHHC CBETOIPOHIIACMOCTII TOHKOII TadICTKII,
CIIPCCCOBAINNON 13 1opouika, — — O3 amaiauzaTopa, —.—.—.— € AHATI3ATOPOM; ¢ — j(1Ia-
TOMCTpIfUeckasl KPHUBAS HAIPABIeNs ¢ (I'0J0BKA, OTHIIHQOBAHHASI 13 MOHOKPHCTAJLTIA)
e — ;ULIATOMeTPIUCCRASL KPUBasi HanpaBiceHust ¢ ('onoBra, oTntndoBadias #3 MOHOKPHC-
TaILTa), [ — JUNIATOMCTPIUCCKASL KPHBASE I'OJIOBRIL, CIPCCCOBANHOI M3 1OPOIIKA.

Puc. 9. llaMeneinie CBETONPOMHHIACMOCTH ¢ TeMIICPATYPOIl;

—..—..— rume, mwiactnura 1o (010),

ceee e RAGBIT, 1TacThiRa 1o (1011),

~———— MYCROBIT, I1acTuirka 110 (001),

— — — — CTCKJO, ML,

—.—.—.— want Fithian, B3Bech, Bhicyluelidas Ha aisloMIINBOI (o:iblc.
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