
95

Volume 47

Issue 2

February 2011

Pages 95-102 

International Scientific Journal

published monthly by the  

World Academy of Materials  

and Manufacturing Engineering 

© Copyright by International OCSCO World Press. All rights reserved. 2011

Thermal conductivity measuring station 
for metallic glasses

A. Pusz a, A. Januszka b,*, S. Lesz b, R. Nowosielski b
a Division of Metal and Polymer Materials Processing, Institute of Engineering Materials  
and Biomaterials, Silesian University of Technology, ul. Konarskiego 18a, 44-100 Gliwice, Poland
b Division of Nanocrystalline and Functional Materials and Sustainable Pro-ecological
Technologies, Institute of Engineering Materials and Biomaterials,Silesian University of Technology, 
ul. Konarskiego 18a, 44-100 Gliwice, Poland
*  Corresponding author: E-mail address: anna.januszka@polsl.pl

Received 08.11.2010; published in revised form 01.02.2011

ABSTRACT

Purpose: In the present paper an equipment applied in thermal conductivity measurements of metallic 
glasses was described.

Design/methodology/approach: The paper describes the design solution of a measuring station, 
components, and idea of measurements of thermal conductivity. In order to correct measurement 
the calibration of presented equipment was realized. It was realized by determination of power losses 
and resistance of contacts. Methods of thermal conductivity measurements were also described in 
theoretical description.

Findings: The suggested method of thermal conductivity measurement allows to avoid a procedure 
of solving complicated equations. The developed measuring station enables measurements of thermal 
conductivity of bulk metallic glasses in form of rod with diameter 3 mm.

Research limitations/implications: The relationship between the thermal conductivity and the 
diameter of metallic glass samples is an interesting issue. In the future the authors are going to test 
rods with another diameters (not only 3 mm).

Practical implications: The thermal conductivity of metallic glasses is necessary to calculate 
cooling rates during the fabrication of bulk metallic glasses. That are very important properties. These 
properties are indispensable for example in a computer simulation of a solidification process.

Originality/value: Up to now there is very poor knowledge about thermal conductivity measurements 
of metallic glasses. There is not many references about this matter. There is no information about the 
thermal conductivity dependence on samples dimensions of metallic glasses. 

Keywords: Thermal conductivity; Bulk metallic glasses; Computer simulation; Measuring station
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1. Introduction 
 
Thermal conductivity of metals is one of the most significant 

parameters characterizing its metallurgical properties. This 
parameter is needed to calculate cooling rates during the 
fabrication of this engineering materials. 

Bulk metallic glasses are newcomers materials which exhibit 
excellent physical and functional properties. In a fabrication 
process of this materials, very important problem is knowledge 
about glass forming ability of alloy [1-6]. Glass forming ability 
depends on various factors. Characteristic temperature such as 
liquid temperature (Tl), glass transition temperature (Tg) and 
crystallization temperature (Tx) are included in mathematical 
description of this factors. Among many of bulk metallic glasses 
systems, Fe-based are one of the most popular and exhibit good 
glass formability. The (Fe, Co, Ni)-B-Si-Nb system alloys 
exhibits high glass-forming ability, super-high fracture strength 
and high plastic strain. Moreover, these alloys exhibit good soft-
magnetic properties [7-13]. 

In order to better understanding of solidification process 
during bulk metallic glasses fabrication, computer simulation of 
casting process and temperature distribution can be realized. 
Computer programs such as FLUENT, ABAQUS etc. allow to 
realize an analyze of temperature distribution or calculate cooling 
rates. As an input data for computer simulation of casting process 
few important properties are necessary. The analyze of heat flow 
in mould casting requires knowledge about thermal properties of 
casting alloys (e.g specific heat, liquids temperature, thermal 
conductivity).  

Table 1 shows relationship between general thermal 
properties and others physical properties of metals, ceramics and 
polymers. 
 
Table 1.  
Characteristic main types of engineering materials [14] 

Properties Metals Ceramics Polymers 
chemical 
resistance 

low to 
medium excellent good 

creep resistance poor to 
medium excellent poor 

density high medium low 
electrical 

conductivity high very low very low 

hardness medium high low 
machinability good poor good 
malleability high - high 

melting point low to high high low 
stiffness high high low 
strength high very high low 

thermal 
conductivity 

medium to 
high 

medium but often 
decreasing rapidly 
with temperature 

very low 

thermal 
expansion 

medium to 
high low to medium very high 

thermal shock 
resistance good generally poor 

good within 
limited 

temperature 
ranges 

Among thermal properties the most important that we can 
determinate are [14]: 

Coefficient of linear thermal expansion (coefficient of linear 
expansion, or , coefficient of thermal expansion (CTE), 
linear expansion coefficient, linear thermal expansion 
coefficient, thermal coefficient of expansion, thermal 
expansion coefficient); 
Emmitance (emissivity, thermal emissivity); 
Liquidus temperature; 
Melting range and melting point; 
Solidus temperature; 
Specific heat capacity (C, Cp, Cv, heat capacity per unit mass, 
specific energy capacity, specific entropy, specific heat); 
Thermal conductivity (k, ). 
Figure 1 presents thermal conductivity of several materials 

and liquids.  
The measurement of thermal conductivity involves a set of 

parameters that are common to different techniques and  
methodologies. Aside from variations due to the nature and type 
of samples, all methodologies require determination of the actual 
amount of heat transferred through the sample along and 
perpendicular to the heat flow path in a given thermal 
environment. The calculated value is expressed in the same unit 
as that provided for a standard of the same material. Conductivity, 
as opposed to conductance, provides dimensional attributes to the 
calculated value. Thus, thermal conductivity is related to a 
material property that denotes a rate process of heat transfer. 
Conductivity is a function of diffusivity, density and heat 
capacity. Whereas through-thickness thermal conductivity for 
fixed-dimension solids is primarily measured under steady-state 
conditions, accompanying transient diffusivity in the radial 
direction is taken into account by using the ratio of sample 
thickness to the total sample area as the heat flow path. The 
relationship is expressed as (Equation 1)[15]: 
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where:  

 - thermal conductivity [W/mK], 
q - time rate of heat flow [W],  
L - thickness of sample in the heat flow direction [m], 
A - area of sample [m2], 
t1 - temperature of hot surface [K],  
t2 - temperature of cold surface [K]. 
 
In order to measurement thermal conductivity of bulk metallic 

glasses a measuring station, which is adapted for samples with 
diameter 3 mm, was proposed in this paper. 

Methods of thermal conductivity measurements can be 
classified as stationary and nonstationary. An equation of thermal 
conduction must be solved for indicate of thermal conductivity. 
For stationary methods there is condition (2) which must be 
performed [17-19] : 
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T - temperature [ºC], 
t - time [s]. 

 

 
Fig. 
mate

 
In

samp
therm

S
consi
In th
with 
electr

M
for th
meth
of sa
[17-1

T
on d
temp
adequ

N
indir
whic
cond

 

dt
dT

 
N

[17-1
 

a
 
wher

a
c

 
F

meas
D

statio

1. Comparison
erials [16] 

n stationary m
ple are unchang
mal conductivity
Stationary meth
ist of comparati

he first category 
known therma

rolytic iron, grap
Methods of therm
he sake of heat

hods with extern
ample where pas
18]. 
Thermal conduct
determine of he
perature sensors
uate temperature

Nonstationary t
ect. Using the E
h determinates

ditions [17] 

Ta 2  

Next thermal co
18]. 

pca  

re: 
a -thermal diffus
cp - specific heat 
 - density [kg/m

Fig. 2 shows 
surement method
Determination 
onary method re

n of thermal

methods, fields o
eable. Thanks t

y ( ) may be dire
hods of thermal
ive stationary m
for correct mea

al conductivity 
phite or copper)
mal conductivity
ting way of sam

nal heating of th
ssage of current

tivity calculation
eat flux and m
s which are lo
es measurement
thermal conduc
Equation 3 we c
 thermal cond

onductivity may

sivity [m2/s], 
[J/kg K], 

m3]. 

classification 
ds. 
of thermal c

equires steady d

l conductivity 

of temperature 
to this methods 
ect assigned [17]
l conductivity m

methods and abso
asurements refer

is demanded 
. 
y measurements

mple too. We ca
e sample and in
causes heating 

n by specify met
measure of dista
ocated in tested
. 
ctivity method
can define therm
ductivity ability

y be defined wit

of thermal 

conductivity co
distribution of te

 

of several 

in the tested 
coefficient of 
. 
measurements 

olute methods. 
rence standard 
(for example 

s are sectional 
an distinguish 

nternal heating 
of the sample 

thods depends 
ance between 

d sample and 

s are called 
mal diffusivity 
y in transient 

(3) 

th Equation 4 

(4) 

conductivity 

oefficient by 
emperature on 

cross sectio
up to temp
surfaces.  

Depend
time of mea
 

 
Fig. 2. Cl
methods [ow
 
 

2. Tech
 

For th
conditions 
measureme
temperature

It dem
specific reg

The m
findings o
constructed

The me
 a measu
 a DC po
 tempera
 a PC w
 a vacuu

A heat
power wit
performed 
Temperatur
thermocoup

A syst
connected w

In orde
whole mea
Thanks to 
vacuum. 

on of the sample
perature differe

ding on measuri
asurements may 

lassification of 
wn work] 

hnical assu
he sake of the

a physical 
ents with mai
e flow was used.

mands special co
gistration of resu

measuring statio
of PN-EN 126
d system and Fig
easuring station c
urement module
ower supply, 
ature gauges wit
ith A/D card, 

um pump. 
er which is mo
th critical par

of resistance 
re on the samp
ples which are co
tem of thermo
with A/D card. 
er to elimination
asurement modu

this protection

e. It impose nece
ence stabilizatio

ing system and 
last even few ho

thermal condu

umptions 
e sample shap

method of 
intain of stat
. 
onstruction of 

ults.  
on was constru
667:2002. Fig.

gure 4 presents re
consists of the fo
, 

th thermocouple

ounted in modu
rameters 30V/2

wire with d
ple surface was
onnected with te

ocouples and t

n of convection l
ule is located 

n measurements

essity of measur
on on both iso

sample thermal
ours. 

uctivity measur

pe and measur
thermal cond

tionary conditi

measuring stati

ucted based on
 3 show sche
eal picture. 
ollowing elemen

s, 

ule is supplied 
2 A. The heate
determinate res
s measured usi
emperature gaug
emperature gau

losses, the samp
under a glass 
 could be real

rements 
thermal 

l inertia 

 

rements 

rements 
ductivity 
ion of 

ion and 

n some 
eme of 

nts: 

by DC 
er was 
sistance. 
ng two 

ges.  
uges is 

ple with 
casing. 

lized in 

1.  Introduction

http://www.archivesmse.org
http://www.archivesmse.org
http://www.archivesmse.org
http://www.archivesmse.org
http://www.archivesmse.org


97

Thermal conductivity measuring station for metallic glasses

Volume 47    Issue 2   February 2011 
 

1. Introduction 
 
Thermal conductivity of metals is one of the most significant 

parameters characterizing its metallurgical properties. This 
parameter is needed to calculate cooling rates during the 
fabrication of this engineering materials. 

Bulk metallic glasses are newcomers materials which exhibit 
excellent physical and functional properties. In a fabrication 
process of this materials, very important problem is knowledge 
about glass forming ability of alloy [1-6]. Glass forming ability 
depends on various factors. Characteristic temperature such as 
liquid temperature (Tl), glass transition temperature (Tg) and 
crystallization temperature (Tx) are included in mathematical 
description of this factors. Among many of bulk metallic glasses 
systems, Fe-based are one of the most popular and exhibit good 
glass formability. The (Fe, Co, Ni)-B-Si-Nb system alloys 
exhibits high glass-forming ability, super-high fracture strength 
and high plastic strain. Moreover, these alloys exhibit good soft-
magnetic properties [7-13]. 

In order to better understanding of solidification process 
during bulk metallic glasses fabrication, computer simulation of 
casting process and temperature distribution can be realized. 
Computer programs such as FLUENT, ABAQUS etc. allow to 
realize an analyze of temperature distribution or calculate cooling 
rates. As an input data for computer simulation of casting process 
few important properties are necessary. The analyze of heat flow 
in mould casting requires knowledge about thermal properties of 
casting alloys (e.g specific heat, liquids temperature, thermal 
conductivity).  

Table 1 shows relationship between general thermal 
properties and others physical properties of metals, ceramics and 
polymers. 
 
Table 1.  
Characteristic main types of engineering materials [14] 

Properties Metals Ceramics Polymers 
chemical 
resistance 

low to 
medium excellent good 

creep resistance poor to 
medium excellent poor 

density high medium low 
electrical 

conductivity high very low very low 

hardness medium high low 
machinability good poor good 
malleability high - high 

melting point low to high high low 
stiffness high high low 
strength high very high low 

thermal 
conductivity 

medium to 
high 

medium but often 
decreasing rapidly 
with temperature 

very low 

thermal 
expansion 

medium to 
high low to medium very high 

thermal shock 
resistance good generally poor 

good within 
limited 

temperature 
ranges 

Among thermal properties the most important that we can 
determinate are [14]: 

Coefficient of linear thermal expansion (coefficient of linear 
expansion, or , coefficient of thermal expansion (CTE), 
linear expansion coefficient, linear thermal expansion 
coefficient, thermal coefficient of expansion, thermal 
expansion coefficient); 
Emmitance (emissivity, thermal emissivity); 
Liquidus temperature; 
Melting range and melting point; 
Solidus temperature; 
Specific heat capacity (C, Cp, Cv, heat capacity per unit mass, 
specific energy capacity, specific entropy, specific heat); 
Thermal conductivity (k, ). 
Figure 1 presents thermal conductivity of several materials 

and liquids.  
The measurement of thermal conductivity involves a set of 

parameters that are common to different techniques and  
methodologies. Aside from variations due to the nature and type 
of samples, all methodologies require determination of the actual 
amount of heat transferred through the sample along and 
perpendicular to the heat flow path in a given thermal 
environment. The calculated value is expressed in the same unit 
as that provided for a standard of the same material. Conductivity, 
as opposed to conductance, provides dimensional attributes to the 
calculated value. Thus, thermal conductivity is related to a 
material property that denotes a rate process of heat transfer. 
Conductivity is a function of diffusivity, density and heat 
capacity. Whereas through-thickness thermal conductivity for 
fixed-dimension solids is primarily measured under steady-state 
conditions, accompanying transient diffusivity in the radial 
direction is taken into account by using the ratio of sample 
thickness to the total sample area as the heat flow path. The 
relationship is expressed as (Equation 1)[15]: 
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where:  

 - thermal conductivity [W/mK], 
q - time rate of heat flow [W],  
L - thickness of sample in the heat flow direction [m], 
A - area of sample [m2], 
t1 - temperature of hot surface [K],  
t2 - temperature of cold surface [K]. 
 
In order to measurement thermal conductivity of bulk metallic 

glasses a measuring station, which is adapted for samples with 
diameter 3 mm, was proposed in this paper. 

Methods of thermal conductivity measurements can be 
classified as stationary and nonstationary. An equation of thermal 
conduction must be solved for indicate of thermal conductivity. 
For stationary methods there is condition (2) which must be 
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