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Pavel Holba received thermodynamic award
at CEEGTACYV conference,
Ljubljana , August 2015
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fire cold Ice

Holding a bar of é
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Relativistic k Stransforma ce

T=T,Q1l-v¥c?) K.v.Mosengeil(1907
T=T,/Q1l-v¥c?) H.Ott (1963 ,

= 1, P.T.Landsberg (1966)
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J. A. Ko fgatgalos fervoraardoy
Cold: frigus, algorand ??
Not yet distinguishing temperature
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1 Introduced acaloric 0



Reneissance

phlogiston-fuel- palivina
caloricum-medium-t e p |

" Becher, Stahl phlogistom (terra pinquis)
Metal = CALX + phlogiston

Sensible and latent
heat

Logarit hmic dependence between
amount (quantity) and intensity

. « Black,lrving, Sheele
«= caloric Pristley, Cavendish




In order to stay away from a

total gravitational collision, which
would produce a single

homogeneous mass, the opposing
force was considered to be the
Gelf-repul s/ v &uchan/ or
e ar fl lyuhgpbthesis became
important in the formulation of

modern laws and was common to

the way of thinking of early
Greeks (Archimedes).

phase separation
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Distinguishing specific heat, latent heat and
temperature: launching thermometry
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Heat as an element
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Temperature

scale & calibration

Steam point

Triple point
of water

Ice point

Absolute zero

273.16

273.15

Celsius

Rankine

Fahrenheit
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temperature [K]
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0 <T< ©

<«— max. laboratory teRaperature

<+—— center of Sun

surface of Sun
C meelting of Wolfram

<+— freezing of water

<4— he Universe now
<+— boiling of He"~

cooling of nuclear spin
(recerd low temperature)

Newton (T =12{2x1}, 0-34 ), Amontons (V- 0, T- 0)
YKelvin, R © meRahrenheit , 32-212), Celsius (100-0
YL i nGID0), Thomson (7hA=cIInT+ ¢c2, To- @)



Jan Amos Comenius What I1s what in TA ?

0Oto observe clearly the effect of heat
object should be subjected to heating and subsequent cooling,
the sensible changes made by heat and cold will then be visible
t o t he Sewreen Century
Thermal analysis is a branch of materials science where the
properties of materials are studied as they change with
temperature. Several methods are commonly used dthese are
distinguished from one another by the property which is measured
Wikipedia definition
macro ??

TemperatureT Universe, Earth climate, weather

Universe 10°light years

(h e at q) _ planet km

U man m (seQ

Thermal analysis molecule  nm
TvsT or Tvstime electron  10%Em

Chemical and quantum processes




Thermodynamic laws

diff erence between a @er cand a Gaoso

Ter;perature and heat/entropy

0 % macro

micro ®

we cannot use energy arbitralrily
becaouse of entropical limits

DU/DV = P Y ordered process

Chaos
- Chacs
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chaotic process



Similarity of Newton0 s  bfagnavitation

F=ma
ensue many other principles
_ ) Fluid-like
Law of heat transfer (Fourier) ( = flow of
Law of diffusion (Fick) J=D®Bc 6calorig
Law of electric flaw (Ohm) | =1 BPu l
Law of thermal inertia Ui — dezT/de

As well as surface tension, mobility in liquids,
(such as further StokesG Newtonbé s e w




Pouruing liquid and Fluid - like transfer
filling a bottle is not

instantaneous but
needs certain time

|l nserting O

the vibration and

ordering modes is not
mediate but needs

explicit time
similarity . . —
am - - °
(- - S
Any matter

transport
desires
definite




Newlton gave to us the deterministic description of our

physical world whilst always aware that it could be a part of a

superior universe (extending from the very small to the extremely

large). He intuitively associated heat conduction with temperature
gradients called ®@radus caloricum dwhereupon gradient is derived
from Gogradesk whi ch means f el Mewtort ou s
even tried to make some quantitative observations by heating one
end of a metallic bar and observing heat propagation by detecting

the progress of melting of various substances (wax) at different
distances. It helped himto formulate the law of cooling without
knowing what heat actually was . Let 06s remind het
dependent on temperatures T, and T. and heat capacities C :

qg= K(T,T T)=C, (dT,/dt) + C.(dT/d t)S
assuming C. C, and T, = const, we obtain

K(T,T T,)=-C, (dT,/dt) Y K(T,i T.)dt+C,dT, =0



(K/C,)dT=dInK(T,T T))
b
(ThT T)=(T,, 7T T.) exp (- (tT to)/t)
where T, Is the initial temperature of hot body and

IS called
Latter applied by Tian in his basic calorimetric equation




Rovnov8HnS8 tepl ot aT,ef §

HolbaEs life attempt to give kin eti cs its thermodynamic background nd

C#]/zhi# tyga:b! ¢ s s — — —— T, ;‘I

T ——

Hol ba P. , g e)Xin&gits with.regarditdtie 2quilibrium of processes studied by
non-lsothermal techniques, Zeit. physik. Chem. N.F. 80: 1 ; and Holba P (2015) Ehrenfest
equations for calorimetry and dilatometry. J Therm Anal Calorim. 120, 175 -181.
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ANALYSILS analogy

SEARCH FOR INFORMATION

Information transducer

Type of anylysis

Data treatment

Zacharias Janssen (1580-1658);

Galileo Galilei (1564-1742)

«.._L\'\v\i\OPTICAL)
\Hﬁ}\;‘—\ 4{ AcT  DIFFRACT. < Giffraction CRYSTAL

DI
sl ——
X * PATTERN Taw STRUCTURE

Max von Laue (1879-1960)

William Lawrence Bragg (1890-1971)

TA

thermodynamic THERMAL

—_—
CURVE principles STATE
Gustav H.J. Tammann (1861-

\ Nikolaj S. Kurnakov (1860-1941)

PSYCHO psychiatric STATE OF

Instrumental interface

Sigmund Freud (1856-1939)

Evaluation procedure

optical ~ 600 nm

X-ray ~ 0.5 nm




Spectroscopic methods Heat transfer methods

X-ray

fbase- line

|dentity
Anfingerp

|dentity
Afingerpri

Position Position
Symmetry Uniformity
Quality Quality
Quantity Quantity
Intensity Size
Area { =~ Similarity Area
PI— ———
? Dissimilarity ! =» heat inertia (DTA)
? Does it exists !
Shape Shape
Broadening Structure
Crystal size Kinetics



Compensation DSC




DTA eqguation

g 0 sLsdsi T)) Or =[- LHS a6+ (CpS1T CpR)f +
D PA qb=L OTsTi Tr) CpS D14/ LS
HOos = 6#sQ0gs 0
» 9 . Q06 -BHsab + 1(CGppfs+ D
DSC | | (Ts @) and OTpTA © 0 L(TT )
gest 8k J, Ho Hdatanerfa afjd2ednfpeBadure gradient in the treatment of DTA

peaks: Existing on every occasion of real measurements but until now omitted . J Thermal
Anal Calorim 113: 163301643



Why are the curves/peak by DTA and DSC different ?

Mutual comparison of the sensitivity of measurements

DDC or DTA DSC R ‘
i db /

-8
J

1/2

i diminishin sharpénin

e : “/A fik: }I I{
| limA - 0

' >

Can we recognize its consequences ?! =



Isothermal and non - isothermal measurements:

naturally involves thermal setups - gradients

dT/dt = 0, T = constant

d2T/dt 2, 0,dT/dt= changing

d?T/dt 2 =0,dT/dt= b




