WISSEN « TECHNIK « LEIDENSCHATFT “TU
Grazm

Thermophysikalische Eigenschaften
von 22 reinen Elementen

Gernot Pottlacher
24. Marz 2011

|8 LIFE LONG
= LEARNING



Institut fur Experimentalphysik ﬁ-!rla!-

Schnelles Pulsheizen

Experimentelle Details

= Drahtférmige Proben

. Kondensatorbank mit 500 uF
= Ohmsches Aufheizen durch Entladungsstrom )

L Probe wird bis in die flissige Phase geheizt
(108 K/s)

Messung von:

= Strom mit einer Pearson-Sonde

= Spannungsabfall mit Messspitzen

=  Temperatur mit schnellem Pyrometer
=  Thermische Expansion mit schneller CCD-Kamera
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Messwerte

Single experiment on Iridium
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CCD Bilder
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Ergebnisse
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Elemente die bisher von uns untersucht
wurden

5 -
Be O | F |Ne
Na [Mg i|P|S|Cl|Ar
K |Ca Se | Br | Kr
Rb | Sr Te| | | Xe
Cs |Ba i |Po| At |Rn
Fr |Ra mYb | Lu
Id No |Lw
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Bl \Weiters 30 binare Legierungen und 4 héhere

FelONi90
Fe40Ni60

Ni55Ti45

W74Re26
W79Re21

Pt70Rh30
Pt-5Co
Pt96Cu4d

Ag72Cu28
Cu85Nil5

Fe20Ni80
Fe50Ni50

Au82Nil8

W9O5Re5
W76Re24

Pt87Rh13
Pt-5Ru
Pt68Cu32

Cu70Ni30

Cu86Mn 11Ni2Sn1
Cu85Mn11Ni4

Ti44AI8Nb1B

all mass%
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Fe30Ni70
Fe80Ni20 Fe64Ni36 (Invar)

W96Re4
W69Re31 Mo52Re47

Pt-4Cu
Pt50Cu50 Pt25Cu75

Cu55Ni45  Cu35Nie5 Cu20Ni80

(Manganin ?)

Ti6V4AI

&

LIFE LONG
LEARNING



Institut fur Experimentalphysik ﬁ-!rla!-

Bl 25 Stahle bzw. Nickelbasislegierungen

Inconel 718
L306 NIMONIC 80a 2.4631
V720 X2NiCoMo018-9-5 1.6354
N709 X3CrNiMoAI13-8-2 1.4534
A220 X2CrNiMo18-14-3 1.4435
M314 X33CrS16 1.2085
M315
T200 X4NiCrTi25-15 1.4944
P558
S600 HS6-5-2C 1.3343
V320 41CrMo4 1.7223
P800
E105
K110 X153CrMoV12
S500SF HS2-9-1-8
W403 X38CrMoV5-3
A750 X6CrNiNb18-10
K350 X50CrMoW9-1-1
A912 X2CrNiMoCuWN25-7-4
N114 X7CrAl13
M303 X38CrMo16
T651 X20Cr13
A286 X5NiCrTi26-15 1.4980
C263 Nimonic 263 2.4650

X2 NiCoMoTi 18-12-4 1.6356
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All elements suitabel for pulse-heating measured.:
Co, Cu, Au, Hf, In, Ir, Fe, Pb, Mo, Ni, Nb, Pd, Pt, Re, Rh, Ag, Ta, Ti, W, V, Zn, and Zr

Results are difficult to find:
33 different Journals
/3 authors together with me
Papers dating back to 1983

Creation of a ‘Compilation’ summarizing all 22 elements

QIES5CTCl FIdXIS

Ber. Bunsenges. Phys. Chem. Series Barth, G. K?Ile_r, o
Journal of Physics: Condensed Hipf, T. Blihrig-Polaczek, A.
Matter Jaenicke-Roessler, K.  Suga, H.
ASAP Projects 3th and 4th Call Reiter, P. Neureiter, C.
Hemberger, F. Pfaff, E.
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Common Uses

: - : : The most important usages for thodinm are as an additive In alloys to Increase ﬁ
Institut fir Experimentalphysik -Erla!_

strength and high temperature durability as well as corrosion protection, and

as a component of mdustrial catalytic systems.

12
. A u fb au # Thin coatimgs of rhodinm, formed via electroplating, are nsed as protec-

tion against scratches and tarmishing. In these application, its high and
uniform reflectivity in UV as well as IR ranges are exploited. Applied for
silverware, Jewelry, optical mstrunents, mirrors, and reflectors in lighting

devices. [1[]] []‘2]

e In the production of nitric acid, Pt10Rh is used as a catalyst for the
com mon U ses oxidation of ammonia. [12]

e The chemical mdustry uses rhodinm as catalyst for the manufacture of

Re I eva nce In lee acetic acid and for the hydroformylation of alkenes [GG]

R h d - e Pt10Rh is the most common nsed Pt-Rh alloy. In glass industry 1t 1s used

e 'g' o I u m for feeder dies and for handling glasses of high melting point, and as well
employed for rayon spinnerettes. [12]

e The alloys Pt10RL, Pt201h and Pt40Rh are utilized as windings in high-

temperature furnaces (up to 1800°C) that operate under oxidizing atno-
spheres. [12]

e Standard thermocouples ate commonly made of Pt10Rh versus Pt (Type
5). employed for the temperature range from 630.74°C to 1064.43°C {gold
point). Other configurations are Pt13Rh /Pt (Type R) and Pt30Rh/Pt6Rh
(Type B). Unlike the above mentioned ones, iridium-rhodinm thermo-
couples (Ird0RL,/Tr, Ir50RL/Ir and Ir60RL/Ir) are only recommended for

operation in inert atmospheres and n vacuum. [12]

¢ Crucibles are made of Pt3.5Rh alloy, offering little weight-loss at high

temperatures. [12]

» Bushings made of ZGS'" platinmn-rhodium are used in the fabrication of
continmous filament glass fiber. The material is resistant to creep-induced
sageing. [12]

e Excellent gray filters are gained by thin coatings of rhodinm on glass via
vacumn deposition. [8]

Relevance in Life

Rhodinm metal powder and dust are inflammable n air. Skin irritations may
oceur by contact with a mumber of its compounds. [10]
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Aufbau

Enthalpy

Table 40: Specific enthalpy results of rhodium, H in kJ-kg~!, polynomials taker
from [74].

Thermophysical properties = rrhraromr oor=T=5%F%

cp = 5233 kg LK

obtained by pulse-heating . C, 2 53,820 Jmol LK
liguid H(T) = —QS.Q&S(]I:F1 0.4_418 -T 2236K < T < 3150 K
u E n t h a | py Cpciflﬁdf‘]%g;:]ﬁgno]g{l-lf_l

H, =683, Hy =903, AH =220

=  Rhodiuim
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Figure 40: Specific enthalpy of rhodium as a function of temperature.
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Aufbau

B: Thermophysical properties obtained by Pulse-heating

Volume expansion

Th e rm 0 p hys i ca I p ro p e rt i es Table 39: Volume expansion results of rhodium, polynomials taken from [74].

Density at 20°C: 12423 kg-m_3[75].
T,, — 2236 K [10]

ObtaiHEd by pUISE-heating solid | V/Vo(T) —0.943 + 5994 x 10 °- T | 1400K < T < 2236 K
. Tiquid | V/Vo(T) = 0.803 + 1.055 x 10 3-T | 2236 K < T < 3500K

=  Volume expansion

=  Rhodium

VIV

2500 3000 3500
Temperature /K

Figure 39: Volume expansion of rhodium.
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Aufbau

Resistivity

Table 41: Specific resistivity results of rhodium, p in pQ-m, polynomials taken

from [74].
. . T, — 2236 K [19]
Thermophysical properties SR | ) = ~01% + 508 X 0 T 90K < T < 7350K
p(T) = —0.202 + 3617 x 10~*+. T
L] [ ]
b d b - Tiquid () =0.635+6975x10°-T 2236K < T < 3150K
o talne y pUIse heatlng p(T) = 0.516 + 1.680 x 104- T
. . . PlGs = 0.564, PGl = 0.791, &pIG,s—l = 0.227
u ReS | Sthlty p. = 0.607, p = 0.802, Ap_; = 0.285
=  Rhodium
10 [ I-
. o
% 08 - | §
= H
w 0B T i
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g
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Figure 41: Specific resistivity of rhodium as a function of temperature. Dashed
line: values including volume expansion.
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Weitere Daten

Thermophysical properties
obtained by pulse-heating

= Enthalpy H (1) :%j | (t)-U(t)-dt,
_ L Ut) z-r?
Resistivity Pel uncorit) = 00
=  Thermal conductivity A(T) =
pel,corr (T) |
=  Thermal diffusivity a(T) = A1)

Co(T)-py(T)

PTB Berlin, AK Thermophysik . ) [1L® LIFE LONG
Vortragender: a.0. Univ.-Prof. Dipl.-Ing. Dr. techn. Gernot Pottlacher, 24. Marz 2011 LEARNING



Institut fur Experimentalphysik ﬁ-!rla!-

Book Review in High Temp. — High Press.

Reviewed by I. Egry

There are not many groups worldwide engaged in measuring high temperature
thermophysical properties; G. Pottlacher’s group at the university of Graz is one of
them. His group has worked on the high temperature properties of metals for about
30 years, and this book is a compilation of the results obtained. The method
employed throughout is fast pulse heating, also known as the “exploding wire”
technique. In addition to delivering data in the solid phase, this method provides also
access to the liquid phase, thanks to fast data acquisition. It is possible to measure
thermal expansion, enthalpy, heat capacity and electrical resistivity of the solid and
liquid metal as function of temperature until the molten wire collapses. This
technique is suitable for metals with high melting points and, consequently, the 22
metals investigated are mainly transition, noble and rare-earth metals, namely (in
alphabetical order) Co, Cu, Au, Hf, In, Ir, Fe, Pb, Mo, Ni, Nb, Pd, Pt, Re, Rh, Ag, Ta, Ti,
W, V, Zn and Zr.
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Book Review, continued

The book contains a short introduction, explaining how the data were obtained, and
one section for each metal considered. Each section starts with a basic survey,
including the metal’s history, its common uses, its relevance in daily life, safety and
health aspects. The second part is devoted to the measured data. These are presented
in graphical form with indicative error bars. In addition, recommended values are
provided as polynomial fits. From the data, additional thermophysical properties like
thermal conductivity and thermal diffusivity can be derived. A comprehensive
bibliography, quoting the original publications from which the data were extracted, is
also given.

Everybody who works in the area of high temperature thermophysical properties will
find this book a useful compilation. It represents state-of-the-art results, based on the
author’s expert knowledge. It is the strength of the book that it contains only data
measured by the author’s group, therefore allowing cross comparisons between the
elements without having to deal with potential systematic differences. It is a valuable
complement to existing collections on thermophysical properties of (liquid) metals,
published in books or scattered in journal publications or review papers.
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Datenbiicher sind nicht gerade hillig

480.- €
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Specific Enthalpy

Specific Enthalpy
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Ergebnisse spezifische Enthalpie
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Mehr davon im Sommer bei der

19th European Conference on Thermophysical Properties

August 28 - September 1, 2011, Thessaloniki, Greece
"Nicolaos Germanos" Conference Center, HELEXPO
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Subsecond Thermophysics Workgroup
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