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Fig.l.: The l.ate 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 
Frofessor V.Satava (upper left B) with his scientific team 
investigating different types of cements at the Chair of 
Silicate Chemistry of the Prague 'Technical University (both 
late sixties). 
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Classification and utilization of therms1 methods [3] are 
matters of tradition and of specialization for individual scien- 
tific workers in h given field of science. ATlCifig traditional me- 
thods, thermoanaiysts customarily include those methods which 
are assoc1sted with the detection of thermal properties (L1TA, 
T:scJ Crf a ssmpie completed by the detection of the sample mass 
CTG,EGD,EGA) or size (dilatometry). Determination of nonthermal 
properties ,e.y., thermodynamic (magnetic), flux (conductivity) 
or 5:ruc+ura1 c (XRD) properties is usually considered r,ontradi- 
tiorial a~-,d judged as complementary with regard to the above tra- 
dlti.;;na: me~-11c,d?s _. . It, is evident, however, th;it these nontradi- 
:-.ir:nal mcthads . cm become superirJr in other fields of science, 
e.g., ;yi ~qolid-sJ<c+(,~ chemistry and i:lhysiCs. 

‘01 & EILC*iIli.llC’ I ~.ry:~talchemistry wc.uld ni,t exist without XRD 
i-~or VGiUlC: &!1iysiCs ?;ithout *electric and magnetic measurem,erits . 111 
?_ 1-j E’ 1 -y Ii 1: ;‘I c ,I’&:. ;, t ,” e c: .I a 2 Y i (3 2 1 metisida c.f thermal analysis (TA) 
\;ctil;i tnan serve h,s d sii~.l~llem~ntary L;o;;rce of inf;lrmation, of t g Ii 
C.:):.i:r ;,:ler cd of exi,lc,r,a7_;;ry vd: bc L Gnly . c"urrer,t e;.:amples are easy 
';I) fl~;~', i:~ i_!i,~ i:r:;el field of ,:,>:ide SLii.it?IC’GilC 1 UCtO~~~ r see Firj, 2 

[C; bit,‘,:< ‘,jiT, t_hti’;E drI;.:;g?:i ::ie ~~::oblc~rn of I-low to compare correct - 
12 <ifftA:e_nl; :;. . . I-:::: 5 c, : ststiL, (XRD) and dy:ismic (DTA) mfasure- 
:i;e ii t I, (ii:< i.A ii.i _ i:*i;erai) t:!e latt?r Tick C’Jen c2rIlEd Out urlder 

‘r:,tz i. ;A ml2 + r d c ii 1: c t.Y : I ii riij 2 !.I ii : C>:teri at ;i fieriVatli/c 1:1Cx:i3 of mFr’eisU- 

>:cq;)+;:t:;. ;,,;-I _ .1. I .c. I SIP :; ;,;i d ..‘ZI;,;~dI Ii 2‘0:‘1 i,f ; ,h i:’ r c_c :_ ~2 2 Cj f C; ;: jr 4 e I I d i 3 s x3 - 

c I CL 7 : c II I 1:(, i ) a:-.!: ths? ‘-acl.l.C~hc: ;Vc tracer release (ETA) w%:: shown 1 

iii cikr ;.Iev~o’tis C:Ct.?.mtiiilCZs~10:i [ 7 4 ] 
y i‘ c L 3 iA c, ‘; 1; IA r ~~rClt,:eKl lle5 ;:l t:;e ~XlStE-f’lCE’ of ;WO i;iIidS C:f 

c,bservstlons,wh~c:l are difficult to correiate. CjrJe is bcsed on 
ihe averaged meas.urc-merits of the property of a sample state by a 
standard thcrmophysical technique (e.g. DTA, TG , xm, magneto 
metry) .The <ether consists of localized mi2silrements at a precise 
si_'ilt on the sample suriace such as traditional morphology measu- 
reGel-:tS (e.ty. lig!lt Oi? electron microsco;iy). Such a contradiction 
is particuikriy important 1.n studies directed to heterogeheo'us 
kiiietics where the centered data on the degree of reaction and 
ti;us derived phenomenological kinetic models are often critici- 
s;d for the apparent lack of its physical meaning. On the other 
ha1-12 t1,e morphologicai kinetic information can equally be que- 
;:ioned as Ljased on a very localized surface pattern which re- 
presents a negligible part Of the sample and is observed under 
~or;tlitions much different from those crccuring during the eiitlre 
1eiCtlOI-l. 

TEXEERATURZ 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 
is naturally InVOlVed in all types of phySlCdlChemlCal measure- 
ments regardiess of what physical property is chosen to repre- 
sent the sample state [3]. III TA it is traditional to investiga- 
te the state changes exhibited by a sample exposed to steady 
conditions of steady temperature increase or decrease. On the 
other hand experimental phys1os studies the equilibrated state 
of the sample under preferably stationary temperature conditions 
(usually isothern4ly). Associated measurements at room tempeia- 
kEr?S , hOWG?Vei, require a suitable method ot quenching the sam- 



82 

pie so as to preserve its equilibrated (usually hign-temperatu- 

re) state. 
In TA we traditionally employ constant heating. Commercially 

produced TA regulators control heating upon a mere response Sl- 
q-l.31 from a slngie-pointed temperature sensor placed in d cer- 
tain thermal contact with the heater surrounding the sample [3]. 
There , however, a feed-back connection between the requxced tem- 
perature of the sample and the actual controlled temperature of 
a heater is m_Lsslng. Such a feed-back response to the entire 
sample temperature is available only in fine calorimetry appara- 
tuses where, moreover, a heat generator and/or sink is situated 
in the measuring head to help to maintain the preselected tempe- 
rature conditions. 

A:; Llrc-_;i> 2tr;s:;eLl above, tile bul;;c tss k of all th;~rmal 
I36!ZlSl_lZ~Kl?i~I~5 1S t0 obtdin reii;,ble knowledge of the i;smple tem- 
perati;rf, w!i:c,h can be i‘;cjtc~'ted directly (if d r:ul.tab:e c;rr,tact 

t3twe;;n the s~m;~lt2 cinti s. temperature sensor CdIi be mddc 1 or ii-~- 
dlrecLly (if a ;h-mpeiature of a reference point IL; measured and 
relate2 to the true sample temperature by e.g. calibration). 
Sirlyle ~JCliiit measurements of the so-called centered temperature 
a:;sumes gradient averayiny by high enough thermal COliilUCtlVity 
Crf the sdmple and/or its holder. Multi~oint measurements Ix&e It 
possible citller to scan temperature gradieIits or to localize t!Ie 
reaction (macro)surface or to read the mean surface :ea;perature 

(such dS in the case of CdlVet CalOIinletry) ~CiIItdc’iless measu- 
rements are not ccx1ventiondl as yet and cdn be only realised by 
detecting Lhe emitted sample radiation pyrometry) or from ther- 
mdl be~l?i’JiOU.~ of a reference material held under similar tempe- 
rature conditions. 

;‘opillar twin arrangements which includes the measurements 
of the difference LetW?e:l the-: SdnliJle d.Iid h ~qeoinetr~cai1y ti 1-i d 
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FIG.2: The XRD measu- 
rements of lattice pa- 
rameters (a and b) 
from two different la- 
boratories [10,111 
showing not only a 
very good agreement 
but also localising 
the region of ortho- 
rhombic-to-tetragonal 

transition for 
YBa,Cu 0 
y>O!5)3TkY 

(a=b when 
transition 

region is confirmed by 
two'independent measu- 
rements of the changes 
of electric resitivity 
3: (dp /dT) [I21 
and oxygen pressure 
4: (dP02/dt) [13]. 

FIG. 3: Illustrative 
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 
placed 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. (Cl shows 
the programmed tempe- 
rature control of a 
stationary furnace 
employing (I) isother- 
mal, (2) nonisothermal 
(TA) and (3) sponta- 
neous heating (as 
drop-in calorimetry or 
computer simulated re- 
ference in direct TA). 



physically similar reference specimen requires, however, increa- 
sed attenticn so as to avoid sudden changes in the preselected 
experimental regime (e.g. in constant heating or gas flow). In 
specialised methods of TA the sample temperature serves at the 
same time as a measured quantity to indicate a thermal proI)erty 
of the test material (e.g. heating and cooling curves, DTA) . III 
particular DTA is the only method where the entire course of the 
sample temperature is monitored it thus being of use for a more 
detai?.ed analysis. Hehaviour of the reference specimen can, ho- 
wever, be simulated by a computer which analyses the course of 
the temperature increase i.f the sample would behave as a refe- 
rence ( inert) materidl. Consequent superposition of the actual 
!i.ncluding changes CA u s ed by reactions involved) and idealised 
curves makes it possiSle to calculate differences 1.n any des:Lred 
fc;rmr; (e.g. as a TlTA--1;ke trace with neaks). This method, more+ 
v .y r :3::K? s “<I, ‘c rcr:lLi y.7 1 - fr?r:i.t? OI-IEL~ cclnstant heat in7 as it wcrrks 
With ai;Y !;yr'" c!f cc!n::talt tempera?:ure f'tj.:<nrie ! e. q. erponenti al 
071-t : t;~$_cyj ]I:y t.-b.e n.:iym:..! :.ar;;: 1 G-! _ __,, . . 1_ i ?3c-~r?~jop in?:,:) 4 p:ehcqtwl furria- 
I"3 [IT?, cyf. ::1lrt. '.--p,:,. 

An c~‘Jerv1F’w of the hr;T aratus can aii:c~ i3e seen on the right side 
Of Fig. lR, include rig ti I r crbsolete vdcuum accessory (mid:lle) hnd 
an old but precise manual com~~rrnr:a';i.on temperature measurer 
i~lottomJ . 

For a high-temperature treatment of refractxy oxides (e.g. 

;;%&;!;2 Or zro, investigated during my scientific visit to the 
n.ucleak center in Studsvik 1969) we constructed a high- 

vacuum furnace [19] resistively heated by tungsten tin formed 
into a t&e--like element, see Fig.4. Temperature concentration 
was aided try concentric radiation shields making it posr-:ihle to 
kc.5 i DIILI .__.._ +-c~rnrmr.~~+:7~o4 it< ttirrh ,:I~ :7f)f~)Or _._...r _ _ _ - .-_ . . . -.. .-- _I.. _ yc!r i:tlc~ tenpcrature in- 
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A 

Sillca 
Plate -- 

hermocouple w -RC 

stainless steel 

‘possible gas inlet 

FIG. 4: High-temperature vaccuum furnace for multipurpose 
utilization where the schema (A) shows the following parts: 
B- twofold wall made from stainless steel (R) watercooled, 
H- furnace lid with two magnetLcal.ly contrcrlled openers 

(Fe), pyrometer (P) and look-through windows (K) , 
M- electric regulation system, 
Q- furnace floor with a quenching accessory (clashed), 
T- thermal readings of W-Re thermocouples positioned in 

the points 1 to 7 with vaccuum tight lead-out (N), 
E- electrodes with the tungsten heating element (see Cl, 
S- concentric radiation shields, 
C- watercooled power supply holders. 
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dication several W-Re thermocouples were used and for possible 
DTA measurements a high-sensit.ivity 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 treatmen'is 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 inside 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 
rature around 

sanpleoedge. With Rh-microheater background tempe- 
'18Or3 C it was possible to reach about 2GC:Oc)C by 

the action of 5C!W CC), laser (powerful enough to melt a few cu-- 
bi(: millimeters of ari oxiT?e sam;lle [21]). Although the tempera.- 
t*urc- control was possible only exploratorily the arrangement 
showed utillz- dt;.Cll ii1 r-:lr,tJle C'ry:;tCil grClWth bj' floating zone and 
W9 S F'h r t 1 C u _i c ' 3rly useful to produce i;lasses by ultrafast cc1c11ing 
of a lendant melied drop by pressing i.t in-between Cu- t_CJllC~r-: , 

of F‘:L~. (5 A special look-through wi rldow enabled us to meac.ure 4 
+:c,mpera::ureu either t.)y a pyrometer or by RI?-W t!lermoccruples to 
indiiyate at least a rough type c:f cocrli.ng curves. 

The nee.:! to Brepare larger sper_'i_,m.~ns of frozen me1 ts com:;e- 
lei-1 ~1s to invent a uIii\riue quenching technique ca.:led the corit.i- 
n 12 3'ds 1. j! running belt method, sc'e ?‘ig . G , derived from a roiltl.ne 
.ms t h o,-1 using two ro tatir,lJ wheel s [ 3 ] . Th+ la ;ter , in fact, cfi.4 
not 1 make It p3s::;ible to ac,ili.eve i / 1 L:! 1 <:I 1-i 6-J t? !.: .q~i~:-;~yh ing as the ef - 
fectivG Ciiolii~l~ waL; Ii~ti;.!i::d fcir a vpry short t.Lme il I: I y along 
;f,oir linfjr contact often letting the as-quenched sample to 
recryst~lli ze afti-r leaving the wheel contact. Insertion of an 
infinite metal1j.c ribbon (made from Agl-13'.Pd alloy) allowed us 
to maintain a melt layer to cool intcnslvely along the prolonged 
one- sided r:l~bCr;i Ccmtact similarly to the me1 t spinning method 
[ 221 i:c:brdvar-~.Ler~t fcrr :n~tal.lic glass preparation. We found it in;- 

~ossI.L~~, however, to measure such ultra-fast 
lges ;,nd we er:timatcd a r;uenchi:ig rate <as 

temperaturq chan- 
hiigh ?iL; at)OSt :(I‘ k;/s. 

It WA.5 posr;lDle to <Larry out a more pre'olse temperature 
measurement during another ultra-fast met!lod of so-called flash 
heat_Lny and cooiiny of thrn ribbCJI-Is Of preform& metallic glau- 
:;e.c: For such a glass annealing we employed 3 Clsc.3ntinuous me- 
thod of reslstivity ilea'ting by very short electric pulses intro- 
duced directly into the metallic ribbon .immersod in various COC- 

ling media [X)1. using oscillo .cope 
2 

measurements we could c:<tl-- 
mate heating rates of about 10 K/s whrle immediate cooling was 
d+?~Jerl&nt On the type Of cClOli.llg liquids, the least effective 
lrqaid nitrogen, the deionised (electric resistant) water an 
the best oil, making possible cooling at rates as high a; 10 3 

K/s. Pulling a ribbon through a resistively pr eheatecf 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; 
[X,231. 

LOW TEME'EKATUKE 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. 7 : 'The major (upper) and minor (lowr row) magnetic 
behavlour of noricrystalll!le structures illustrated by a 
twodimensional representation of magnetic spin orientations 
(?XrclKS ) of individual species (empty and solid circles). 
Beside thermally free moving (para-) and below Curie tempe- 
rature magnetically fixed (ferro-, antrferro- and ferri-1 
orientations r see spin characteristic positioning and size 
in the left cornered oblongs) the recently investigated 
spero- and aspero- magnet.ism display partly rotative spins 
mhklncj it por;sitrle to follc~w the externally djrpllwl magrie- 
t i C field. In contrast to the well established thermal de- 
pendence of the 
l/J-. of ferro-, 

reciprocal magnctlc suceptibility [24,25] 
ant.Lferro- [26] and ferrl- mur;;ietics (see 

middle row) the dependences of sperck and aspercr- na-jnctics 
exhl bit a more roui~ded C:UTVE' Doubled arrow:; show par: r:i b 1 e 
i.ntercclnn~ctlcjI-1~ , e 1; . , 5perim*giletlsm cz:l tic derived from 
fcrr;magnetism introducing canted spins [ ill ] . Superperpara- 
magnetism [27] is ~II~~C~UOI_IS to paramaq;letlr;m wh?n the who- 
le ciusters (dashed circles) display a cooperative spin be- 
ha;_xour similarly to mictomagxkism where several spins act 
togc;ther in the same momentum. 'This is in contradiction to 
the single-behaved species of spin glasses. Metanagnetlsm 
1s a combined, field induced, effect which can be best ex- 
hibited on the temperature (I') versus magnet3.C f i e 1 d ( ki 1 
phase diagram where antiferrcr- (left), ferri- (bottom) and 
spcri- (upper) magnetic phases can transfer from esch to 

other in response to the externally applied experiment.31 
condi tions . 
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FIG. 8: The temperature dependence of the reduced value of 
electric resistivity (R/R, c ) for some samples selected 
to show superc;;zu;:i;ity>E)? f5arious oxide materials: 
-- Ceramics -, , V prepared either (I) by sintering of 
an oxalate pre&rs&r*[28] with T = 107 K or ("2) by annea- 
ling (at 1230 K) of solidified melts on stepwise cooling 
[31] with T.= 86 K. 
-- (3) Sulphur doped prepared by conventional 
sintering of oxide CuS [32] having T = IOE: K. 
-- Metastable phases 
system [33] 

probably presented in the YCBa9Cu70X 
exhibiting beside T,= 83 K another s eep drop ;1 

at T‘=170 K for original (4) or &cycled (5) samples. 
-- Glassceramics [34] prepared by recrystallization and 
annealing of quenched glasses of the composition (6) 

65 K and (7) BiA10_3CaSrCu20X 

prepared by sputtering Nb-lay- 
in vacuum (assuming reduction 
annealing at 990 K (to allow 

Nb substitution for Cu), with T.= 80 K and T‘= 270 K (8). 
system [56] prepared by conventional 

ar the highest T = 127 K (9). 
When analysing the T values it isCindispensable to 

consider the interdependEnce surface of the other critical 
values boundering superconductivity [37], i.e., magnetic 
field H, and electric current J as illustrated at the 
right b&tom corner of the Figufe. 
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t i e s (glassy alloy Ko Re superconduc- 
tivi ty t~low T =8.7 Ky$ F?&!l?$f2i!t$~‘of ex~~~~~'n~uperconducting 
materials cen'be again directed to special thermal treatments 
L23.251, particularly when such procedures of u?trafar;t [39] or 
r,tepwise :3:] cooling become capable of direct engineering uti- .3 
lization. Rec~all.ing the recent advancement of oxide fiber-glass 
';ech;-iolegy of wave guides we cannot exclude the possitrility that 
superconducting magnetooptics may iI become 3CtUZil ill ilear 

future . X:-I such a case the drawn and/or dcpositer? filaments will 
;,rc,baDly consist of a superconducting core (or mantle) in (or 
WI j glussy fibers. Supporting eside materi; should then exhibit 
r:p,?c,ial properties regarding bGth the decreased ri_activity tc;-- 
ki =. r 3 :s :;??;,~=Corlr?UctInrj COIe (assured, e.g. , by increased content 
c,.f E;sO i:~ glass to prevent parasitic reactions with YFa2Cu307_., 
[ Xl] ) and the r;affi.cient oxyqen activity (to assure an apprcll 
priate adjuz:tment of oxygen stoichiometry y [4Cj]) at increased 
tempc-‘ratures NcncoIlventlc~na1 thermal treatment and ana 1 y I; is 
w:)cli:! again pl.ay ;~n important role as to achieve well t,alanced 
,~.p~~~r,z~i:_e m,ateria_Ls, _ 21. Id . a The r C S li 1 t 1 !lg rilred for a miJre extensive 
<: i SC j :-: t:.Lo!l [5,29,3:,41] falls, hc1weve.r , beyond the framework 
C8f tk,li; rather illustrative presentation. 

Modern re:;earS:h on progressive materials rerlu3.res a confor- 
mable use of thermal treatments and analysis :3ver a wide r e '7 i On 
of C_~~illp~?r~trUri-L-;. _ "here certainly is I;0 room fibr pQ::sible contra- 
r?ict~.orzr: between :.ndiv1 dual techniques c;f thermophysical measu- 
rements <even ';titQliCjh ti-ipy are cmp! eyed by thermoanalysts or expe-- 
r;mental physicists .wh3 can possibly have a contradictory view- 
point of What e>:p~~rJ.m~~ntal conditions are more or less suitable 
for a given type of sami,. e -,l chiract?ris:ation and investiqdtion. 
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