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Introduction 
 

Composition and material structure affect several material properties 
particularly significant from a practical perspective, including the rigidity of 
structural materials, or the magnetic property of the amorphous materials 
considered, amongst other purposes, as models within the scope of the study. 
Such properties can be determined by destructive as well as non-destructive 
testing methods. One of the available procedures is hardness measurement, a 
destructive test. The latter, however, might be difficult to apply when the depth 
of the indentation created in the course of the test is of the same order of 
magnitude as the thickness of the sample examined, i.e.,where the substrate of 
the sample might be an important factor of the measured hardness value 
(substrate effect). Thanks to their thickness (~ 35 µm) and hardness (min. 1000 
HV), the investigated glassy ribbons are perfect models for studying this issue. 
While the micro Vickers hardness measurement is a plausible method of 
comparing the thermal history and the heat treating of glassy ribbons, a non-
destructive alternative – if there is one – would be a more appropriate 
alternative. The establishment and further improvement of knowledge bases 
for production material tests of this kind is inspired by a developing industry of 
vehicle manufacturing. [1]  

Research into the suitability of glassy alloys as transportation and vehicle 
materials reaches back more than a decade at the Budapest University of 
Technology and Economics Department of Vehicle Manufacturing and 
Repairing [2, 3, 4, 5, 6]. Their characteristic magnetic properties [7], for 
example, are put to use in high sensitivity magnetic (FluxSet) sensors [8]. 

Many of the research results discussed in the study have implications with 
regard to potential applications of glassy ribbons. These include the 
indentation depth-based investigation of their surface hardness. More 
specifically, the study’s subject is linked to the application of glassy ribbons as 
outdoor heating filaments facilitating winter transportation, where prolonged 
operation at high temperatures may cause the complete or partial structural 
relaxation and the crystallization of the amorphous ribbon.  

An alternative – promising and destructionless – method for examining such 
phenomena is thermopower measurement, which provides mostly 
electronstructural data. The latter does not require a standard shape, is free of 
mechanical effects interfering with the measuring method, and renders itself 
for easy automation. 

 The chief goal of the essay is to synchronize the two methods for the 
examination of structural and amorphous model materials. Such model 
materials can be structural steels, in the case of which the changes in hardness 
implied by structural changes can be well documented. From this perspective, 
glassy alloys are also promising; not only are their compositions ratios variable 
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on a broad spectrum, but they are single-phase systems as well. Consequently, 
the effect of the alloying elements can be examined independently. The 
geometrical properties stemming from their production carry the additional 
benefit of a convenient way to study hardness measurement method limitations 
(substrate-effect) and the principles laid down in material science which 
thermopower measuring is founded upon. As the structural changes in the 
steels considered within the scope of the study – unlike those in glassy alloys – 
are well known, the differences in thermopower measurement results can be 
associated to well defined processes. 

 

Literature survey 
 

Glassy alloys 
 

The Glass Forming Ability shows the necessary average cooling rate of the 
liquid alloy to do not form crystal grains (see Fig. 1). Fig 1. shows the enthalpy 
(H), entropy (S) and the volume (V) of two glassy alloys (G(v1) and G(v2)) 
versus the temperature.  The different cooling rates of this materials modificate 
its free-volume. Using a slow cooling rate the liquid alloys crystallizes by the 
solidification temperature (To).  By this phenomenon it can be observed that 
the enthalpy, the entropy and the volume changes suddenly too.  

 
Fig. 1.Tthe enthalpy (H), entropy (S) and the volume (V) versus the 

temperature of two glassy alloys (G(v1) and G(v2)) 

[9] 
 

This changing has got a typical temperature by each alloy. The glass 
forming liquid will be over quenched using fast cooling rate. It solidificates 
lower temperature than the solidifications temperature. The effect of this 
phenomenon is that the alloy have glassy phase which has not got any typical 
crystal structure. This glass forming temperature is not an absolute 
temperature. It depends on the cooling particular [8]. 

The glass forming needs a rapid chilling and so special processes [10; 11].  
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The geometry of the glassy alloy is limited which depend on the glass 
forming ability because of the minimal cooling rate: ~8 Jcm-2s-1. [12] 
 

The reason of the structural relaxation of amorphous materials is the heat 
treatments which temperature is smaller than the crystallization temperature. 
This thermal activated phenomenon starts in glassy state.  By structural 
relaxation the atomic structures stability is getting higher due to sort range 
atomic ordering. After this phenomenon nanocrystall and nanograin evolve. 
The structural relaxation effects the changing of some physical phenomenon. 
So phenomenon is the variation in mechanical and magnetic properties. [13; 
14; 15; 16; 17; 18; 19] 

The mechanical properties of the glasses are able to study using the micro 
Vickers hardness measuring (MSZ EN ISO 6507-1).   

There is a practically covalent atomic bounding character in the examined 
glassy alloys so its hardness and rigidity is higher than the steels.  To have a 
bigger glass forming ability the glassy alloys have got metalloids compound 
(B, Si) too. The hardness is getting higher due to the quantity of the metalloids 
like the heat treating. [20; 21] 

Due to the high hardness values and the special geometry of these alloys the 
examination of the physical phenomenon associated with the hardness 
measurements are required. 
 
Physical phenomenon associated with the hardness measurements 

 
It is well known, that the substrate effect could be materialize by the 

hardness measurements of thin samples. So this method has got strong 
parameters [22]. The case of these strong parameters is the plastic-elastic 
behaviors of the sample. [23; 24; 25; 26; 27; 28; 29; 30; 31] 

Recently the most accurate hardness measurement is based on the depth 
sensing invented by Oliver & Pharr (see Fig. 2.) [32].  

 
Fig. 2. Depth sensing hardness measurement  

[33] 
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Nevertheless it is highly desirable all kind of this destruction measuring 
method, it would be practical to displace it with a non-destructive 
investigation, for example the thermopower measurement. 
 
Thermopower measurements 
 
In 1822 Seebeck demonstrated that electric current flows in a circuit which 
contains two different metals between the points „A” and „B” if the 
temperature of the two points is different T1, T2 (T1≠T2) (see Fig. 3.). 

 
Fig. 3. Thermoelectric circuit 

[34]  
 
This phenomenon is practically independent of the geometry. [35; 36; 37; 38; 
39; 40] 
 

Summary  
 

In the literature you can read a lot of topological and morphological 
structure model of the glassy alloys. These models are derived from the 
crystalline materials so some amorphous behavior is not adequately defined, 
for example the structural relaxation and crystallization.  

So the main aim of my work is the investigation of these two phenomenon 
using micro Vickers hardness and thermopower measurements.  

The literature gives universal comments by a lot of methodical questions of 
crystalline and amorphous materials. One of them is the hardness measuring of 
thin samples or material properties in function of the alloying content. 
[12; 41; 42]  
 

The aim of research 
   
1.  Vickers-hardness measurements of thin amorphous samples: 

Examination of the substrate effect.  
Identification the origin of the possible artifact during hardness 
measurements. 
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2.  Thermopower measurement:  
Comparison the sensitivity of the hardness and the thermopower 
measurements in detection of transformations in C-steels and in glassy 
alloys. 
 

3. Looking for the existence of correlation between the thermopower and the 
hardness measurement by phase transformations of crystalline and 
amorphous samples. Using this context it can be able to define the phase 
transformation effected by heat treating. 

 

Experimental background methods and materials 
 
Micro Vickers hardness measurement (MSZ EN ISO 6507- 1 :2006): 
 

To the Vickers micro hardness measurements I have used two equipments 
with the same loading forces interval (0,1962-0,7848 N; (20-80 p): 
• Hanemann D32 Vickers micro hardness measuring equipment (serial 

number: 823975). The equipment has got a very small diamond indenter 
which angle is 136°. The pyramid is fixed in the object lens of the 
microscope. The axis of the pyramid and the optical axis of the lens is the 
same. The equipment defines the hardness from diameters of the indentation 
using a measuring lens 

• CSM Micro-Combi Tester (serial number S/N 06-207). The equipment has 
got a diamond indenter which sign is V-F 53. It calculates the hardness from 
the indentation depth using the Oliver & Pharr method (EN ISO 145777-1). 
To this measuring method I have designed a special vacuum substrate with 
0,8 mm diameter holes on its polished flat surface (see Fig.  4.). 

 
Fig. 4.  Hardness measuring using the vacuum substrate  

 
I have examined the substrate-effect used a 0,4 mm thin steel substrat and 

strain gauges fixed on the other side of the substrate to detect the elastic strain.  
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Deformation measurement using strain gauges, HBM Hottinger MGC 
equipment [43]:  
 
The physical principle of the measuring method is that the cross-section 
change of an electric conductor can be detectable by the resistance change. 
This is the Thomson effect. The Fig. 5. shows the classical design of the 
resistance wire-type and foil-type  gauge  
 

 
Fig. 5. Wire-type and foil-type  strain gauges 

 
The strain gauges are used in compensated Wheatstone bridges for Static, or 
quasi-static investigation. 
The deformation of the substrate (ε: specific elongation) in function of the 
hardness loading force is measurable using this equipment. This phenomenon 
manifested only by the examination of the amorphous matreials, because by 
the crystalline materials I have used the macro vickers method.  
 
Macro Vickers hardness measurement   
 
HPO 13/6062 (VEB Werkstoffprüfmaschinen Leipzig) hardness measuring 
equipment was used to the examination of structural steel samples. The 
loading force was 30 kp and the loading time was 5 s. But this equipment 
destructs the material so it would be better to use a destructionless 
thermopower measurement to detect the structural change of the samples.   
 
Thermopower measurement: 
 
During the measurement the material surface will be touched with two 
different temperature contact points. One of them is the hot, the other is the 
cold one. The hot point is heated in 20 steps resulting in a gradual temperature 
increase beyond the room temperature. The cold contact point is kept on room 
temperature. The potential is measured between the two contact points (see 
Fig. 6.). The quality of the surface of the sample and the distance of the contact 
points can’t modified the measured potential [44].  
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Fig. 6: The thermopower measuring equipment 

 
The equipment can measure the potential by instantaneous temperature. 
Thermovision examinations were made to certificate the reproduce of the 
thermopower measurement  
 
Thermovision examination, GUIDIR IR928 (928+), infrared 
thermocamera (serial number: 09281840): 
 

This non-contact equipment detects the outsended heat of bodies. All the 
bodies send out infra red emission if its temperature is higher than the absolute 
zero ˚C. 
This electromagnetic vawe is invisible for the human eye because its vawe-
length (0,75-1000 µm) is more than the same parameter of the visible light. 
This is the part or the electromagnetic spectrum which is sensible as heat.  

The infra red camera is able to produce a temperature distribution plan from 
the vawes which vawe-length is 8-14 µm.  
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Samples: 
 
 Structural steels (Table 1.):  

 
Table 1. 

  sort sign 
Number sign                 

(MSZ EN 
10027-2) 

MSZ 
4360 

S235JR (MSZ EN 10025) 1.0038   
low carbon steel 

C45E (MSZ EN 10083) 1.1191  

spring steel 51CrV4  (MSZ EN 10083)  1.8159 
  
  

stainless steel X105CrMo17 (DIN / SEW) 1.4125 KO 14 

 

Amorphous materials (glassy ribbons):  
 

− Fe100-xBx: FeB15; FeB16; FeB25;  
 

− Fe85-xCrxB15: FeCr0,8B15; FeCr1,6B15; FeCr3B15; FeCr4,5B15; FeCr7B15; 
FeCr8B15; FeCr10B15; FeCr12B15; FeCr13B15; FeCr15B15; FeCr20B15;  

 
− Fe40Ni40Si6B14:  

„a” type: 12 x 0,0365 mm  
„b” type: 6 x 0,022 mm 
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Experimental results 
 
Plastic and elastic effects during micro Vickers hardness measuring:  
 

I have examined the micro Vickers hardness of Fe84,2Cr0,8B15 glassy alloy 
using Oliver & Pharr method. Increase the contact force (base of the 
measurement) the diffraction of the penetration depth would be smaller by 40-
80 p (0,3924-0,7848 N) loading force area. Fig. 7. shows that the diffraction of 
the penetration depth decreases to 0,5 µm (maximum loading force is 0,7848 N 
(80 p)).  
So I have separated the plastic and the elastic part of the indentation based on 
the curve.  
 

 
Fig. 7.  Penetration depth-loading force curves of as quenched Fe84,2Cr0,8B15 

glassy (maximum loading force: 0,7848 N (80 p)) 
 

Plastic 
deformation 

curves 

Elastic + plastic 
deformation 

curves 
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Examination of the substrate effect 
 

In the Fig. 8 one can see the hardness curves of the Fe40Ni40Si6B14 glassy 
alloy in function of the loading force on resin, cooper, steel, hardmetal and 
ceramics substrates.  

Using this diagram I could limit the loading force from 40 to 80 pound and 
so prevent the substrate-effect. 
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Fig. 8.  Micro Vickers hardness curves of  the Fe40Ni40Si6B14 glassy alloy on 

different substrates 

 

One can see that the hardness values are nearly the same from 40 to 80 p 
loading force. 
 
Time dependence of the topographical changing of the indentation after 
the measuring method: 
 

The deformated area of the indentation of as quenched Fe84,2Cr0,8B15 glassy 
alloy is changing after the unloading. This new topographical effect of the 
relaxation shows the table 2. The area of the indentation changes its form after 
the process in 60 s.  
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Table 2. 

Time after unloading (s)  

20 

 

40 

 

60 

 
 
 
Structural relaxation and crystallization of amorphous alloys due to 
isothermal heat treatments: 
 
FeB15 glassy alloy were investigated by thermopower measurements after 
subjected the samples to various isothermal heat treatments. Due to the heat 
treatments the crystallization starts and the Seebeck-coefficients of the 
thermopower curves shift to positive direction. The negative slope turns to 
slightly positive. The curves of the Fe-based glassy alloy have got positive 
slope with a shift into the positive direction (see Fig 9). 
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Fig. 9. FeB15 glassy alloy after various heat treatments 

(1, 2 and 8 hours; 400˚C) 

 
The Cr-content dependence of the thermopower in Fe85-xCrxB15 glasses: 

 
In Fig. 10. the thermopower is plotted versus CCr in glassy Fe85-xCrxB15 (X= 
0,8; 1,6; 3; 4,5; 7; 8; 10; 12; 13; 15; 20%) alloys by constant ∆T (∆T=3,0 K). It 
was found that around 0,8; 1,6; 3 % Cr content the curve has got local 
maximum which hints to hidden structural change in the amorphous state. This 
phenomenon supported by the crystallization temperature [43], the enthalpy 
[43], the micro hardness [12] and the magnetic measurements earlier in the 
same system.   
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Fig. 10. Thermopower versus the at.% Cr content of  as quenched Fe85-xCrXB15 

glassy alloys by constant temperature (∆T=3,0 K) 
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Correlation between the structure and the thermopower of crystalline 

materials (structural, spring and stainless steels): 
 

Besides structural and spring steels a X105CrMo17 stainless steel was 
investigated too. The curves of this alloy have got positive Seebeck-
coefficients like the crystalline materials (Fig. 11).  Due to the quench-
hardening of the X105CrMo17 stainless steel the Seebeck-coefficients of the 
thermopower curves shift to negative direction. The negative slope of the 
curves decreases.  
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Fig. 11. Thermopower curves of the X105CrMo17   

[S7] 
 
Summary 
 
1. Vickers micro hardness measurement:  
 
• I examined the potentional „substrat effect” by micro Vickers hardness 

measurement of thin samples. Associated with this I investigated the 
measured Vickers hardness versus the loading force on different substrate 
materials. I defined the elastic deformation of the substrat with strain 
gauges. In the used loading force interval the measured micro Vickers 
hardness values are the same and never materialized the „substrate effect.   

• I developed a new vacuum sample fixing method for the Oliver & Pharr 
surface micro Vickers hardness measuring of thin glassy ribbons   
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2. Thermopower measurement:  
 
• I examined the thermopower of Fe-based glassy ribbons versus the metalloid 

(B) and the Cr content. I analyzed the heat treating effect to the 
thermopower-temperature curves.  

•  By high metalloid content the thermopower curve of the Fe-B binary phase 
glassy alloys shifts into the negative direction.  

• The thermopower curves of Fe85-xCrxB15 glassy ribbons versus the Cr content 
has got local maximum by constant (∆T=3,0 K) temperature and small 
(X=0,8; 1,6; 3) Cr content. 

• Due to isothermal heat treatments the thermopower curves shift into 
negative direction. The possible reason of this compound independent 
phenomenon is the decreasing of the free volume. This general effect 
differentiates from the thermopower changing of the high temperature 
crystallization. 

 

3. Correlation between the thermopower and hardness measurements: 
 
• The Vickers hardness and the thermopower values of the structural, spring 

and stainless steels depend on the thermal history. There is an unequivocal 
consequence between the increasing of the thermopower values and the 
evolving of the ferrite phase (low cooling rate by ferrit-perlite C45 steel). In 
front of this evolve of the dominant martensitic phase move the 
thermopower curve to negative direction. So this thermopower effects show 
the hardening and the softening progress.  

• The crystallization of the Fe85-xCrxB15 glassy alloy causes the positive shift 
of the thermopower curve and the increasing of the Seebeck-coefficient.  

• The negative shift of the thermopower curve indicates the structural 
relaxation of the Fe85-xCrxB15 glassy alloy. 
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The main results of thesis 
 
1) A new vacuum sample fixing method is developed for the Oliver & Pharr 

surface micro Vickers hardness measuring of thin glassy ribbons  The 
applied parameters were: (vacuum: 760 mbar ≤ P < 850 mbar; sample 
cross section: ~12 x 0,035 mm) [S13; S14].   

 
2) The possible “substrate effect” in micro Vickers hardness measurement 

was investigated by analyzing the ratio of plastic-elastic deformation 
caused by the Vickers indentation in Fe84,2Cr0,8B15 
   I established that the micro Vickers hardness value of the as quenched, 
36,5 µm thick Fe40Ni40Si6B14 glassy ribbons is independent of different 
substrate materials in 40-80 p (0,3924-0,7848 N) loading force range. 
[S13; S14]   
 

3) By micro hardness measurement of the as quenched, ~35 µm thick 
Fe84,2Cr0,8B15 glassy ribbons I optically investigated the relaxation after 
the unloading which is the modifications of the deformed area around the 
indentation. [S13; S14]   

 
4) Using a thermopower measurement I established the structural relaxation 

of FeB15 and FeB25 amorphous alloys due to 250˚C isotherm heat 
treatments and their crystallization due to 350 and 400˚C isotherm heat 
treatments. [S8; S9] 

 
5) I established that the thermopower curves of Fe85-xCrxB15 glassy ribbons 

versus the Cr content has got local maximum by small (X=0,8; 1,6; 3) Cr 
content and ∆T=3,0 K temperature. Similar phenomenon can also be 
observed in the crystallization temperature [43], the enthalpy [43], the 
micro hardness [12] and in the change of magnetic moment.  [S8, S10]  

 
6) S235; C45; 51CrV4 and X105CrMo17 steels were investigated  by hardness 

and thermopower measurements after  subjected the samples to various  
quench-hardening treatments. I established that when the sample is 
quenched fast, (after austenizing heat treatment) the S(∆T) shifts into 
negative direction, which is the consequence of   the martensite formation 
and, also due to the presence of residual austenite phase. It is concluded, 
that  thermopower measurements  can be applied as non-destructive testing  for 
the determination   of the degree of quench-hardening. [S6; S7; S12]   
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