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ABSTRACT

The me of thermal analysis and of experimental physics
are compared. Ulfferent manners of temperature measurement and
regulation are analysed and classified as an electronic control
of the furhace temperature or a mechenical control of the sample
position in  the preheated  furnace.Examples of special devices
developed for nonconventional thermal treatmentsz are shown for
k]

ser-ailded microfurnace melting and of a melt quen-
by copper tongs and/or by a metallic belt continuously
runwuing between two rotating wheels. In contrast to the high-tem-
perature treatment utilized to prepare materials of required
-iez the low-tenperature meagsurements are stressed as the
ta for material Chdrd(t@Jl/dt on (e.qg. classification
of the variow of maanetic glasses and oxide high-tempera-
lization in metaztable state).
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mal (V.3atava), périodic (I.Proks),
aﬂd permeability {(J.¥omrska) metheds of
in this review I should alzo like to delve
perience  in solid-state  chemiztry which
ects of inorganic compounds as develo-
scientific projects carried out in our
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e (e.g. [6])hdv ng recently matured into “hTHP bumkU dea-
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nraterial cience [7-9]. These dfh]eVemo wuld net
without the professional hasis laid m:wu Hy distin-
onalities who influenced the early progress of ther-
s as an art of science, in particular the late Dr.Ar-
in and Profeszor Vliadimlr Satava, see Fig. 1.

Dedication: My invited ICTA 9 plenary lectuxre in 1ts
published form is dedicated to my dear mother Zofle Sestak ova
who died in Prague just after +the 9th 107 on Septemper Hth,
1928 at the aqge of 83, Her contipucus  devotion and loving sup-
port ensured my early growth into a person.

1988 Bodenheimer Award Lecture of the Israel Group for Thermal Analysis

Thermal Analysis Highlights, 9th ICTA, Jerusalem, Israel, 21-25 August 1988.
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Fig.1.: The late Dr.A.Bergstein (middle A) in front of our
selfconstructed apparatus for the EMF determination at his
laboratory for Chemistry and Technology of Ferrites and
professor V.8atava (upper left B) with his sgcientific team
investigating different types of cements at the Chair of
5ilicate Chemistry of the Prague Technical University (both
late sixties).
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INTRODUCTION

Classification and utilization of thermal methods [3] are
matters ¢f tradition and of specialization for individual scien-
tific workers in a given field of science. Among traditional me-
thods, fthermoanalysts cusztomarily include those methods which
2re associated with the Jdetection of thermal properties (DTA,
0nsg) of a sample completed by the detection of the sample mass
(TG,EGD,EGA) or size (dilatometry). Determination of nonthermal

properties ,e.g., thermodynamic (magnetic), fiux (conductivity)
or structural  (XRD) properties is usually considered rniontradi-
tlunq¢ ahd Judgeu as complementary with regard to the above tra-
i It, is evident, however, that these nontradi-
<an become superior in other fields of sclernce,
chemistry and physics.

cryztalchemistry would not exist without XRD
without electric and magnetic measurements. In
= ¢lassical methceds ¢f thermal analysis (TA)
¢ pplementary scource of informaticon, often
vaLué only. Current examples are easy

of oxide superconductors, see Fig.
the problem of how to compare CanPLt'
static (XRD) and dynamic (DTA) measure-
the latter nct even carried out under
often at a derivative moda of measu-
wparzzon  of  the rates of oxyden diszso-
; arwl the radioactive tracer release (ETA) was shown
pide EVLOuo communication [i4].

Yot ancther problem lies in the existence of two kinds of
chservations,which are OLLllLu¢L to correlate. Ornie iz based on
the averaged measurements of the property of & sample state by &
standard thermophysical technique {e.g. DTA, TG, ZRD, nmagneto-
meiry).The other congiszts of localized measuvements at a precise
ot on the sample surface such as traditional morphology measu-
Lenuzt (2.g.1light or electron microzcopy). Such a contradiction
5 det;LUicIly important in studies directed to heterogeneous
etics where the centered data on  the degree of reaction and
hus derived phenomenological klnetic models are often critici-
for the apparent lack of it physical meaning. On the other
1d the "OIphOnglCdl klULtLL information can equally be que-
ol based onn a very localized surface pattern which re-
5 negligible part of the sample and is observed under
ons nuch different from those occuring during the entire

methodq
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TEMPERATURE DETECTION AND CONTROL

Knowledge about the sample temperature is a unifying and ne-
cessary requirement for all successful temperature treatments or
analysis. Moreover the temperature is the basic quantity which
i85 naturally involved in all types of physicalchemical measure-
ments regardless of what physical property is chosen to repre-
sent the sample state [(3]. In TA it is traditional to investiga-
te the state changes exhibited by a szanple exposed to steady
conditions of steady temperature increase or decrease. On the
other hand experimental physics studies the equilibrated state
of the szample under preferably stationary temperature conditions
(usually 1sothernally). Associated measurements at room tempera-
tures, however, require a suitable method or guenching the sam-
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ple s0 as to preserve 1its equilibrated (usually high-temperatu-
re) state.

In TA we traditionally employ constant heating. Commercially
produced TA regulators control heating upon a mere response Si-
gnal from a single-pointed temperature sensor placed in a cer-
tain thermal contact with the heater surrounding the sample [3].
There, however, a feed-back connection between the required tem-
perature of the sample and the actual controlled temperature of
4 heater is missing. Such a feed-back response to the entire
sample temperature is available only in fine calorimetry appara-
tuses where, moreover, a heat dgenerator and/or sink is situated
in the measuring head to help to maintain the preselected tempe-
rature conditions.

The sample c¢an be placed within a homogeneous or g; dien
temperature distribution as produced by the given type < SUY -~
rounding heater. The sample can be expo: TO & conventional
continuous or constant temperature programme emp’u§¢x & mutual-
ly static arrangenent of the sanple and furnac COMMOI for most
thermophysical acacurenents or apparatuses {(e.g. wjle crystal
Jrowth from fluxes) . sStepwise change ¢f the furnace temperature
can be altered in such 4 way that the sanple is inserted incto
the preheated  furnace. It complies with the less conventional
arrangement of the mutually wmovable sample and furnace which re-
quires, however, a definite distribution of temperatures along
the furnace. Poszible continuous LumyeLaLu-e control is then
carried out mechanically by positioning the sample along the gi-
venl ltemperature gradient by moving either the sample or the fur-
nace,  see Fig.3. In contrast to the conventional static system
it enableszs one 1o make a relatively fast change from one tompe-
rature to the other as well as to apply relatively low rates ot
cooling neaeded for crystal growth experinents (e.q. bBridgemann
or fleoavi J zone mnethods).

The sample thermal treatment ascs

I

[&]
S
I

ocoliated with

change lntentionally introduced directly to the : Lo it
surroundings can be carried outr at lower or higher tenm ures,

at JLUHLQHLULJ Or constant thL%ng/buollug rates
(10 =< (5 "o ¥/e) or ziow (177 K/s, for si
or high K/s, for nonequilibriated me

s5€5) Iengb clow cooling 1s more easily acces 3
Ta equipnent than high cooling  which reguires a 1

T eCclal set up
(e.yg. cooling by high velocity flowing gds agait a sample ha-
ving one very small dimensicn such  as  rikbong). Suach a thermal
Creatnent can be thus easily locallszed to the sample suriace
(e.y. by laser glazing).

Az alreacy stressed above, the basic task of all thermal
neasurements is to  obtain reliable knowledge of the sample tem-
perature, which can be detected directly (if a cuitable contact
between the sample and a temperature sensor can be made) or irn-
directly (if a temperature of a reference point is measured and
related +o the t{rue sample temperature by e.g. calibration).
Single point measurements of the so-called centered temperature
assumes gradient averaging by high enough thermal conductivity
0of the sample and/or its holder. Multipoint measurements maxe 1t

o

5T

4L
possible either to scan temperature gradients or to localize the
reaction {macro)surface or to read the mean surface temperature
(such as in the case of Calvet calorimetry). dContactless measu-
rements are not conventional as yet and can be only realised by
detecting the emitted sample radiation pyrometry) or £rom ther-
mal behaviour of a reference material held under similar tempe-
rature conditions.

ropular twin arrangements which includes the measurements
of the difference between the sample and a geometrically and
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FIG.2: The XRD measu-
rements of lattice pa-

rameters {a and b)
from two different la-
boratories [10,11]

showing not only a
very good agreement
but also localising
the region of ortho-
rhomhic-to-tetragonal
transition for
YBaZCu3O7_Y (a=b when
y>075) The’ transition
region is confirmed by
two independent measu-
rements of the changes
of electric resitivity
3: (dQ /aTy  [12)
and oxygen pressure
4: (dPOZ/dt) {131].

FIG. 3: TIllustrative
classification of the
sample temperature
control for either
(A): a fixed tempera-
ture gradient: 1) long
enough or multiple
stationary sample(s)
placed along the fur-
nace temperature gra-
dient, 2) stationary
sample placed inside
the movable furnace
and 3) movable sample
rlaced in the statio-
nary furnace,or (B): a
controlled temperature
gradient which in com-
bination with (A} is
usually applied to
technological proces-
ses under computer
control. (C) shows

the programmed tempe-
rature control of a
stationary furnace
employing (1) isother-
mal, (2) nonisothermal
(TA) and (3) sponta-
neous heating (as
drop-in calorimetry or
computer simulated re-
ference in direct TA).
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rhysically =similar reference specimen requires, however, increa-
sed attention so0 as to avoid sudden changes in the preselected
ayperimental regime (e.g. in constant heating or gas flow). In
specialised methods of TA the szample temperature serves at the
same time as a measured gquantity to indicate a thermal property
of the test material (e.g. heating and cooling curves, DTA). In
particular DTA is the only method where the entire course of the
nple temperature is monitored it thug heing of use for a more
detailed analysis. Behaviour of the reference specimen can, ho-
wever, be zimulated by a computer which analyses the course of
the temperature increase 1if the =zample would hehave as a refe-
rence (inert) materizl. Consequent superposition of the actual
{including changes caused by reactions involved) and idealised
curves makes it possible to calculate differernces in any desired
forms as a DTA-1ike trace with pezazks). This method, meren-
regquirse  traditional constant heating as it works
temperature chaznoe fe.d. exponential
inssrtion into a preheated furna-

aradientless experimental zet up, the zample
a4 (which consequently brings problems

ot s=tartineg weiahtas), or the =zample zhould he
» of thin layers onto well conductive sample
the form of multistory ribbon) c¢rucible in-

thermojravimetry [161. Such an  approach, howe-
with commen regquirements of sufficiently szen-

s of the =anple’ s extensive properties f(e.a.
V. Hence the development of TA apparatuses de-

ither intensive or extensive properties may

Taturiz

SPECIAL DFEVICES DEVELCPED FOR NONCONVENTIONAL THERMAL
TREATMENTS AND ANALYSTS IN OUR LABORATCRY

The most difficult reqgionz of working temperatures applied
study proceszes are very high temperatures (T > 180LYC) or
e &4 little above room temperatures (O T <1OOOC, where the
crdinary temperature control of most TA apparatuses is not suf-
{ficiently effective).Herewith I would like to menticn a few ex-

celfconstructed apparatuses develosped for this purpose

my supervizion in our laboratory profiting fre SORE Non-

of dehydration of sulphates aroundd 100% we
heating [17] realiszed by two opposing infra-
raod lamps. Sufficiently sensitive control was achieved by power
oscillaticn around a preselected temperature crease which  was
realised mechanically. Tempectature was indicated indirectly by
mneans of two  geometrically similar cells. The sample suspension
in & suiltable liquid was dried out onte the inner surface of the
cell (i.e.unirradiated walls) where it formed a thin layer [18].
An overview of the apraratus can @iso be seen on the right side
of Fig.1B, including an obsolete vacuum accessory (midlle) and
an old but precise panual compensation  temperature measurer
{bottom).

For a high-temperature treatment of refractory oxides (e.qg.
Ce0,,U0, or Zro0, investigated during my scientific visit to the
Swedish® nucleafr center in Studsvik 1969) we constructed a high-

C
nto a tube-like element, gee Fig.4. Temperature concentration

vacuum furnace [19] resistively heated by tungsten tin formed
i

wa aided hy concentric radiation shields making it possible to
achieve temperatures az high az 27007C. For the temperature in-
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FIG. 4: High-temperature vaccuum furnace for multipurpose
utilization where the schema (A) shows the following parts:

B_
H_

M-
Q_
T-

E_
S-
C_

twofold wall made from stainless steel (B) watercooled,
furnace 1id with two magnetically controlled openers
(Fe), pyrometer (P) and look-through windows (K),
electric regulation system,

furnace floor with a dquenching accessory (daszhed),
thermal readingz of W-Re thermocouples positioned in
the points 1 to 7 with vaccuum tight lead-out (N),
electrodes with the tungsten heating element (see C},
concentric radiation shields,

watercooled power supply holders.
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Fia. 6 (A) Apparatus for quenching melts by continuously
running belt method beling an invented variant of the le
effective but conventional wmethod of two rotating wheels.

(B) Method of ultrafest cooling of a pendant meltaed drop by

rressing it in-between twoe Cu-plates using modified tongs
applicable directly during laser heating of the rod-like
sample mounted at the end of a ceramic oqmple~holdou.

<

FIG. 5: Laser-aided wmicrofurnace (A) with two concentric
shields of radiation made from Ag+Pd plated silicz  qla
(RB) situated on a tridimensionally movahle car also ena-
bling the rod-like sample rotation necessary to average the
temperature gradient c¢reated by c¢ne-szided laser bheating.
The Rh-wired micrcheating elewment (zee C) surrounding the
sanple made it possible o achieve the aground temperature
of about  1800°%C by ordinary resistivity heating. A lock-
through window is visible in (D) showing a modified variant
with Au-plated Cu-reflectors equipped with a temperature
readout.
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dication several W-Re thermocouples were used and for possible
DTA measurements a high-sensitivity pyrometer was used to scan
periodically. the mutual temperatures of the sample and referen-
ce. In order to maintain constant transparency of the look-
through window, it was found necessary to shield the window
against evaporated oxide deposition, a common trouble of high-
temperature treatments in general.

For a contactless melting of mixtures of transition metal
and rare earth oxides we developed a laser-aided microfurnace
[20}. A resistivity rhodium-wired microheater, see Fig.5., was
placed inside a globular reflector made from gold-plated silica
glass and/or copper. The sample in the form of presintered rods
was mounted ingside the heater where we were able to control its
rotation and vertical position. The whole globular furnace was
movable horizontally in order to optimally focus the laser beam
aimed at the :ampl@redgp With Rh-microheater background tempe-
rature around 800% it  was possible to reach about 2600%C by
the action of SQW CO, la=mer (powerful encugh to melt a few cu-
bic millimeters of afn oxide sample [21]). Although the tempera-
ture control was possible only exploratorily the arrangement
showed utili:atjcn in zingle crystal growth by floating zoneg and
was particularly useful to produce Glazzes by ultrafast cooling
of & pendant melted drop by presszing it in-between Cu-tongs,
cf.Fig.6. A zpecial look-through window enabled us to measure
temperatures either by a pyrometer or by Re-W  thermocouples to
indicate at least a rough type of cooling curves.

The need to prepare larger aspecimens of frozen melts conpe-
led uz to invent a unigue quenching technique called the conti-
ruously  running belt method, see Fig.6., derived from a routine
method  using two rotating wheels [3]. The latter, in fact, -<id
not make it possible to achlevs prolonged gquenching as Yhe ef-
fective cooling was realised for a very short time only alcong
theliy linesar contact often letting the as-guenched sample  to
recrystallize after leaving the wheel contact. Insertion of an
infinite metallic ribbon (made from Ag+135Pd alloy) allowed us
0 maintain a melt layer to ccol intensively along the prolonged
one-sided ribbon contact similarly to  the melt spinning method
[22] convenient for maotallic glass preparation. We found it im-
ble, however, to measure such ultra-fast twmpwratulg chan-

we estimated a queriching rate as high as about 107 K/s .

Wwas possible +to carry out a4 more precise temperature
measurement during another ultra-fast method of so-called flash
heating and cooling of thin ribpons of preformed metallic glas-
sem. For such a glass annealing we employed a discontinuous me-
thod of resistivity heating by very short electric pulses intro-

duced directly into the metallic ribbon immersed in various coo-
ling media [20]. ualng O:CllluaCOp@ measurements we could esti-
mate heating rates of about K/s while immediate cooling was
dependent on the type of coollng liquidz, the 1least effective
liquid nitrogen, the deionized (electric reszistant) water, arid
the best oil, making possible cooling at rates as high as 10

K/s. Pulling a ribbon through a resistively preheated furnace
followed by immediate cooling by a both-sided contact in-between
the well polished Cu surfaces was found to be a good and effec-
tive method for alternative continuous annealing procedures
[20,23].

s
(

t

LOW TEMPERATURE CHARACTERISATION OF MATERIALS

Thermally controlled preparation of materials of desired
properties is the necessary basis to have a sample for further
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FIG. 8: The temperature dependence of the reduced value of
electric resistivity (R/R,,, ) for some samples selected
to show superconductivity”gf 5arious oxide materials:
-~ Ceramics YBa,Cu,0, prepared either (1) by sintering of
an oXxalate precirsdr [28] with Tr= 107 K or (2) by annea-
ling (at 1230 K) of solidified melts on stepwise cooling
[31] with T = 86 K.
-- (3) Sulpﬁur doped YBa,Cu,0Q prepared by conventiocnal
sintering of oxide mixturé wité Cu$ [32] having T _ = 108 K.
-- Metastable phases probably presented in the YCBa9Cu [¢]
system [33] exhibiting beside T _ = 83 K another s%eep drop
at T°=170 K for original (4) or r%cycled (5) samples.
-- Glassceramicg [34] prepared by recrystallization and
annealing of quenched glasses of the composition (6)
841'5Ca1_?SrCu20X with Tc= 65 K and (7) BiAlO~3CaSrCu20X
with TC— 8 K.
--The “system LaSrNbYO {35] prepared by sputtering Nb-lay-
ers ongg the L§§rCuO %argets in vacuum (assuming reduction
of Nb to Nb™ ) foflowed by annealing at 990 K (to allow
Nb substitution for Cu), with T = 80 K and T = 270 K (8).
--The T125r 5BaCu 0, system [36] prepared by conventional
sintering re&eals sg §ar the highest T = 127 K (9).

wWhen analysing the T _. values it is indispensable to
consider the interdependgnce surface of the other critical
values boundering superconductivity [371, i.e., magnetic
field H and electric current J_ as illustrated at the
right bbttom corner of the Figu%e.
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. Both types of above discusszed materials pear some commen
features. rrom the moment of their introducticon we have been re-
quired to {find some novel ways not only for their nonconventio-
nal preparation but also for their nontraditional application
capable to treat such metastable materials in long-term practi-
cal utilization. We may equally be unable to prepare supercon-
ducting oxide glasses similarly to the previous unsuccessful
search for a convenient zort of soft and/or hard magnetiszm in

I3 .. On the otner hand, we can mention the zatisfacto-
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ties (glaszzy alloy P Bﬂ) also exhibiting superconduc-
tivity below TC=8 ? F&gth gtudy of oxide superconducting
materials c¢an be again derC;ed to special thermal treatments
[23,25], particularly when such procedures of ultrafast [39] or
stepwise [31] «<ooling become capable of direct engineering uti-
lization. Recalling the recent advancement of oxide fiber-glass
rechnology of wave guides we cannot exclude the possibility that
superconducting magnetooptics may also become actual in near
future. In such & case the drawn and/or deposited filaments will
probably consist of a superconducting core (or mantle) in (or

—a

on) glassy fibersz. Supporting coxide material should then exhibit
special properties regarding both  the decreaszsed reactivity to-
wards superconducting core (assured, e.g., by increased content

in glass to prevent parasitic reactions with YBadCu3O}

of Bad

20)) &nd the sufficient oxygen activity (o assure an approt
priate adjustment of oxygen stoichiometry vy [40]) at 1ncrease
temperatures. Nenconventional thermal treatment  and 18
wotld agein play an  important role as to achieve well la

i The resulting need for a more extensive
2 44} falls, however, beyond the framework

rative presentation.

CONCLUSION

Modern research on progressive materials requires a confor-
mable usze of thermal treatments and analysis aver a wide reglon
of temperatures. There certainly is no room for possible contra-
dictions between individual technigqgues of thermophysical measu-
rements =2ven though they are employed by thermcanalysts or expe-
rimental physicists who cean possibly have a contradictory view-
point of what experimental conditions are more or less suitable
for a qgiven type of sample characterisation and investigation.
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