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ABSTRACT 
 
This paper describes some special features found during phase transformations of binary alloys w hich may exert 
an influence on the potential utili zation of those alloys as reproducible fixed-point temperatures. Furthermore, it 
reports some experiences made when using alloys as phase transformation materials in miniature fixed-point 
cell s, and presents a number of results obtained by using AgAl alloys. For those alloys, extensive investigations 
into the influence of the mixing ratio on the solidus temperatures determined by means of miniature fixed-point 
cell s as well as on the shape of the measured phase transformation plateau were carried out.  
 
 
1. INTRODUCTION 
 
For a long time already, the principle of the miniature fixed-point cells has been known. Small , closed 
crucibles containing li ttle amounts of a high-purity material will directly be integrated into a ther-
mometer. The phase transformation processes in this fixed-point material caused by temporal tempera-
ture changes can directly be detected by the temperature sensor and, thus, used for self-calibration [1-
3]. 
Originally, this principle of the miniature fixed-point thermometers was applied as an alternative to the 
use of conventional fixed-point cells in the calibration laboratory and as precision calibration standard 
[4]. In doing so, high-purity metals, whose solidification temperatures are defined as primary or sec-
ondary temperature fixed points of the ITS-90, were mostly used as phase transformation (fixed-point) 
materials [5, 6]. Thus, it was possible to realize fixed-point calibrations with a calibration uncertainty 
of less than 20 mK within a large temperature range (150…1085 °C) [7]. 
Recent research work is being carried out with the aim to apply the principle of the miniature fixed-
point cells for self-calibrating thermocouples also for industrial purposes [8]. Hence, the scientific re-
search activities are focused not only on the thermal and mechanical long-term stabili ty of the cells, on 
methods for inducing phase transformation processes at nearly constant application temperatures and 
on the automatic recognition and evaluation of the fixed-point plateaus measured, but also on investi-
gations into potential fixed-point materials. 
Calibrations at miniature fixed-point temperatures are, in general, single-point calibrations. Under 
laboratory conditions, however, it is possible to realize a recalibration of the temperature sensor at 
several temperatures by replacing the miniature cell and, thus, the fixed-point material, which is nearly 
impossible in the case of industrially applied miniature fixed-point thermometers. On the other hand, 
the recalibration of the entire sensor characteristic at several points does not seem to be necessary in 
most cases. Many industrial processes are taking place at temperatures which are either nearly con-
stant or changing within a restricted range only. Here, also an in-situ recalibration at only one fixed-
point temperature may result in a sustained diminution of the uncertainty during temperature meas-
urement. 
A prerequisite for this, however, is a reproducible fixed-point temperature which is either as close to 
the application temperature range as possible or lying within this range. This cannot always be realized 
by utili zing the phase transformations of high-purity materials. Therefore, the phase transformation 
processes of some binary alloys were investigated in more detail  with regard to the suitabili ty of those 
alloys as potential fixed-point temperatures.  
 



 
2. PHASE TRANSFORMATIONS OF BINARY ALLOYS 
 
Phase transformations taking place in alloys can be compared only partially can the melting and solidi-
fication processes in high-purity materials. Not only pressure and temperature, but also the concentra-
tion ratio of the single components exert an influence on the thermodynamic equili brium conditions of 
multi-component systems. Their liquefaction or also solidification processes are mainly determined by 
the mutual solubili ty of the alloying constituents as a function of temperature and concentration. In 
general, the melt-down or also solidification process of a certain alloy does not take place at a fixed 
temperature, but rather within a temperature range which is bounded by the solidus and the liquidus 
temperatures. Above the liquidus temperature, the entire sample is liquefied, whereas below the 
solidus temperature, it is completely solid. Only in the case of special mixing ratios – eutectic or 
monotectic compositions – the solidus and the liquidus temperatures are nearly identical as in the case 
of high-purity metals. 
However, the spatial and the temporal inhomogeneities in the composition of alloys represent a big 
disadvantage to the realization of reproducible phase transformation temperatures. In a liquid state, the 
different densities of the metals involved lead to the diffusion of one constituent in the direction of 
gravity and, thus, to a concentration gradient within the solution. It is true that convection effects can 
counteract this segregation process, but, for example, a desirable eutectic mixing ratio within the sam-
ple can be encountered only locally in most cases. Theoretically, the differences in concentration are 
evened out during the cooling down of this eutectic solution by the segregation of that constituent that 
is locally “overconcentrated” in comparison with the eutectic ratio. In the case of real alloys, however, 
those compensation processes depend on the cooling-down regime as well as on the deviation of the 
global mixing ratio from the eutectic value. 
However, it was shown that reproducible temperature fixed points can be realized when eutectic alloys 
are utili zed in an appropriate way [9-12]. Investigations carried out with eutectic alloys so far prove 
the relatively good reproducibili ty of the melting temperatures (≤ 30 mK). On the other hand, they also 
show that the solidification temperatures greatly depend on the cooling-down regime due to the diffu-
sion and segregation processes taking place within the liquid phase. 
 
 
3. BINARY ALLOYS AS PHASE TRANSFORMATION MATERIALS IN MINIATURE 

FIXED-POINT CELLS 
 
Most of the precision measurements published so far concerning phase transformation temperatures of 
binary alloys within a temperature range of 500…800 °C (AlCu, AgAl, AgCu) were made by means 
of comparatively large crucibles or also conventional fixed-point cells. In the case of this method, the 
shape and the temperature of the phase transformation plateau measured are determined by the local 
material composition of the alloy around the position of the temperature sensor. 
The segregation and diffusion processes influence the local composition of the alloy in an almost un-
foreseeable way, which is also due to the dimensions of the crucibles. A purposive control of the phase 
transformation boundaries, as it is practised in the case of fixed-point calibrations with high-purity 
metals in large fixed-point cells [13], is nearly impossible. 
Even when miniature fixed-point cells, whose dimensions are pretty small , are used, concentration 
gradients can develop within the phase transformation material. However, the advantage of employing 
this method is that – due to the small dimensions of the rotationally symmetrical miniature crucibles – 
the temperature gradients developing within the fixed-point material are low. The temperature sensor 
is able to directly register the phase transformation processes of the whole fixed-point material. There-
fore, the plateaus measured will not essentially be influenced by the local properties of the alloy. Here, 
not only the static and dynamic temperature gradients represent some certain factors of uncertainty in 
the reproducible determination of the phase transformation temperatures, which is mainly due to ex-
ternally existing temperature fields and to the structure of the thermometer, but so also does the reli-
able evaluation of the comparatively short fixed-point plateaus [14]. 



For a number of binary alloys, such as Cu24Sb (eutectic transformation at 526 °C), Al67Cu (548 °C), 
Ag70Al (567 °C), Al87Si (577 °C), Al75Pd (619 °C), Al17In (639 °C), Cu60Ge (614 °C, 644 °C) or 
Ag28Cu (780 °C), investigations concerning the reproducibili ty of their phase transformation plateaus 
were carried out using miniature fixed-point thermocouples. Regarding the characteristic parameters 
of the plateaus measured and the reproducibili ty of the fixed-point temperatures ascertained through 
straight line approximation [8, 14], the plateaus measured (see, for example, Figure 1) are very similar 
to those found when using high-purity metals. It is true that the plateau lengths measured vary between 
the different alloys as expected, but the rise in the melt-down plateaus of all samples is very slight 
only, which permits to determine the values of the solidus temperatures in a reproducible way and 
with low uncertainty (< 0.1 K). A significant dependence of these temperatures values on the heating-
up rate (≤ 1 K/min) was not established. 
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Figure 1: Phase transformation plateau of an Al67Cu alloy and an Al85Si alloy, respectively, mea s-
ured by means of a thermocouple (PtRh10/Pt) with integrated miniature fixed-point cell (external di-

ameter 4 × 20 mm) at a heating-up or also cooling-down rate of 0.5 K/min  

While during heating-up processes, phase transformation plateaus are detected only at the solidus tem-
peratures, short recalescence points can also be found in the temperature-time-curve measured during 
cooling-down processes in some off -eutectic alloys at the respective liquidus temperatures. The ap-
pearance of those points as well as the shape and the temperature values of the solidification plateaus 
measured at the solidus temperature are greatly dependent on the material composition, the preceding 
maximum temperature, the cooling-down rate, etc. Hence, they are hardly usable for miniature fixed-
point calibration [8]. Only the evaluation of the melt-down plateaus is profitable as it is much better 
reproducible. 
The possibili ty of a two-point calibration is offered by the use of special alloys presenting several us-
able phase transformations. An example of this is the Cu60Ge system. At a temperature of about 
614 °C, it presents an eutectoid phase transition, whereas at a temperature of 644 °C an eutectic phase 
transition can be found. Both transitions can be recognized as strongly defined, reproducible plateaus 
in the temperature curve measured.  
 
 
4. MINIATURE FIXED-POINT TEMPERATURES OF THE AG-AL-EUTECTIC 
 
Phase transformation processes in alloys depend on the mixing ratio of the pure single constituents. 
Therefore, particularly those alloys having defined compositions – eutectic and monotectic mixing ra-
tios – present themselves as potential fixed-point materials. However, their global material composi-
tions are mostly known with a precision of 

�
 ±0.1 weight-% only. If only small quantities of an alloy 



are used as it is the case for miniature fixed-point cells, the reproducible realization of a well-defined 
global mixing ratio will require comparatively big efforts.  
In order to determine the influence of the composition of the alloy in the range from –4.5…+10.5 
weight-% of aluminium around the eutectic ratio on the miniature fixed-point plateaus measured, in-
vestigations were carried out with an eutectic Ag70Al system (marked region in Figure 2). For these 
investigations, a number of miniature fixed-point cells were fill ed with this alloy (5N purity of the sin-
gle constituents) and then inserted in a PtRh10/Pt thermocouple. 

 

 

Figure 2: Phase diagram of the AgAl system according to [15] 

The phase transformation plateaus of the various alloys were registered at a heating-up or also cool-
ing-down rate of 0.5 K/min. Then, their solidus temperatures were determined through comparative 
measurements. As reference, we used the solidification temperature of a conventional closed alumin-
ium fixed-point cell (purity of 6N, 660.323 °C) inserted in a heat pipe furnace type Hart Scientific 
9115, where the miniature fixed-point thermocouple was located during the repeated heating-up and 
cooling-down processes between 540 and 680 °C. 
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Figure 3: Approximated melting and solidification  temperatures of AgAl alloys presenting different 
mixing ratios 



In an unexpectedly large range of about ±5 weight-% around the eutectic mixing ratio, no significant 
differences in the solidus temperatures were observed, with the measuring and evaluation uncertainties 
being taken into consideration. The temperature values obtained for the various compositions of the 
alloys are lying in a range from ±35 mK around 567.62 °C, thus slightly below the temperature value 
published in [12] for the eutectic equili brium of the AgAl system of 567.81 °C. 
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Figure 4: Phase transformation plateaus of AgAl alloys presenting different mixing ratios, related to 
the eutectic ratio, measured by means of a miniature fixed-point thermocouple (PtRh10/Pt)  

Only in the case of larger deviations from the eutectic ratio, some significant shifts of the solidus tem-
peratures were observed (e.g. 566.96 °C at +10.5 weight-% of Al). With increasing deviation of the 
composition of the alloy from the eutectic mixing ratio, changes in the shapes of the plateaus meas-
ured (Fig. 4) lead to ever shorter analysable phase transformation plateaus. 
Similar statements can be made concerning the solidification plateaus measured. The solidus tempera-
tures determined from these plateaus were always lower than those determined on the basis of the 
melt-down plateaus and presented a larger degree of scatter (Figure 3). Hence, they are only partially 
suitable for miniature fixed-point calibrations. In addition, their shape and also the possibili ty of 
evaluating them depend strongly on the diffusion and segregation processes which become evident, for 
example in the case of hypereutectic (rich-in-aluminium) alloys, through short recalescence points in 
the temperature curve measured of the liquidus temperatures (marked regions in Figure 4, right-hand 
side). 
 
 
5. SUMMARY 
 
A number of binary eutectic and monotectic alloys can be used as fixed-point materials in miniature 
fixed-point cells. Particularly their solidus temperatures measured during melt-down processes are suf-
ficiently reproducible so that they could be used as fixed-point temperatures for the single-point self-
calibration of industrial miniature fixed-point thermocouples around a certain process temperature. 
Furthermore, special alloys (e.g. Cu60Ge) presenting several reproducible phase transitions offer the 
possibili ty of performing two-point calibrations [14]. 
For the Ag70Al eutectic, it was shown that its solidus temperatures in a range from ±5 weight-% a-
round the eutectic composition are reproducible within ±35 mK and, thus, largely independent of the 
mixing ratio. However, alloys presenting an almost eutectic composition should preferentially be used 
for fixed-point calibrations. The phase transformation plateaus realized with them permit to determine 
the fixed-point temperatures with the comparatively lowest uncertainty.  
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