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An apparatus for differential thermal analysis to a temperature of 3400°C is 
described. The specimen is heated inductively with a frequency of I. MHz either 
without crucible at its upper end only or in a crucible which is one of the components 
of the system investigated. The differential principle is applied by comparing the 
radiation emitted from the sample with the power fed to the sampie, which is re- 
gis&ed by a bulb coupled to the high frequency circuit. The emission of the sample 
and bulb are measured by two photodiodes. The different behaviour of sampIe and 
bulb is compensated eiectronically. Investigations in metal ceramic eutectics are given 
as an example. 

I. INIRODUCTION 

For some time there has been a great deal of interest in ceramics as high 
temperature materials’, since! the melting points of some of these metal oxides, metal 
carbides, metal nitrides, etc. are well in excess of 2ooO”C. For the development and 
application of these materials the knowledge of phase diagrams is very heIpfu1. 
Thermal analysis, a commonIy used technique to determine phase diagrams, is 
generally performed pyrometrically at these temperatures, and though thermocouples 
are available2, which are capable of measuring up to 25OO”C, they can onIy be used 
under particular conditions. Several apparatus were developed which determine the 
emission of the heated specimen by a photodiode, the curren t from whic& calibrated 
against a fiiament pyrometer, is used to detect tmnsition temperatures. R-s 
as well as Rudy6 apply this method for differential thermal analysis (DTA). As a 
reference sampIe, Rupert uses the susceptor, which surrounds the sample- This 
apparatus requires a complicated adjusting system. Rudy heats, with h&specimen, a 
second sampIe for comparison in a susceptor. For both metho&@e susceptor material 
as well as the reference sampie has to be sehxted c&full~ .+th regard- to the in- 
vestigated specimen to prevent reactions. E$flicultieS iu sek$ting the& materials 

*ResulcedatthezndsymposimnoftfrtGumansoeiuyforflramal A&H hdd at the Unkrsity 
of Konaanz from 5-6 JaIy, 1976. 
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mn be avoided by heating only tbc uppex part of the sample in an induction coil, 
The lower part, which is Iocated on a holding deviw can be kept cook and so a 
CrKa’be Is J30t llecessary, This procedure was employed by RGsch et al.‘, In this cast 
it is difikult to compare the specima with a reference sample, heated sinxdtaneously, 
Smacxasskiyhigh temperatmr: gadients operate, So Riisch kgistenxi the tempera- 
ture against time (TA), and the transition temperatures are determined from the 
arrests, The SeDlsitivity is increased by forming electronically the differenti quotient 
of tem~ture with n=spccr to time, and pIotting it against the tempexatue (TdTA), 
The control of the heating current must be very precise to discriminate transiton 
effkcts from effkcts due to hunting, since at high temperat- and covntiy high 
ektric power even small chzmges in control can be of the same ct&r of magnitude 
as the eEkcts_ In this respect the differential thfsmal an&&s method is more exact, 

TQ combine the advantages of heating without using a cruc~%le and the accuracy 
of the difkential thermal analysis, an apparatus was dctised in which an ekctric 
bulb, coupkd to the RF heating circuit is used instead of a refkrence sampk The 
power, fed to the bulb, is proportional to the power, consumed by the sampie, and 
both can be compared- The factor of proportionality, i.e., the ratio of the impedances 
of the sample circuit to the bulb circuit is only moderately dependent upon tempera- 
ture and is nearly independent of hunting, The different behaviour of sample and bulb 
with changes in power has to be compensated electronically. 

IL D-ON OF IME APPARA-iXB 

?!igure 1 shows the schematic construction of the DTA apparatus- The sample 

m 
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is located on a water-cooled device wi*&in an induction coil. Above the sampIe there 
are two opt&I systems, the Ieft one of which reproduces the black body hoIe of the 
sample on a photodiode_ whilst the right -one is used to measure the temperature of 
the specimen with a f%ment pyrometer. A second photodiode measures the emission 
of the bulb, which is connected in parallel to the heating circuit, Both photo&odes 

are Iocatcd in an aluminium block which is thermally stabilised to -2OC’. The 
currents from these photodiodes are fed into the thermal anaIysis circuit, where the 
temperature of the sampte and the temperature difference between sample and bulb 
are derived and plotted on a miIIivoIt chart recorder- 

III. THJZ FURNACB AND THE IEATING CIRCUIT 

The sample is heated in a container, which can be operated under vacuum or 
with inert gas. The induction coil is connected to a high-frequency generator (commer- 

ciaI model DS 1025/w, manufactured by EIphiac-E3WG, Reichenbach/FiIs, G_F,R_)_ 
The frequency depends on the coupling of the particuhu type of specimen and varies 
between O-7 and O-9 MHz The power output is controlled continuously up to 25 kV 

by an eiectronic regulator (commercial model DS 806OB/o4). The control deIay is 
adjustable to a minimal time of 20 msec_ The maximum error due to variations of 
temperature or ffuctuatious in the main voitage is 1% of the power output_ 

Iv. THE OPTICAL. SYSTEM 

The system originally built by R&h et aL7 is used, An additional device was 
built to hold the bulb and reproduce its filament on the second photodiode_ The 
disappearing filament pyrometer is periodicahy calibrated through the according 
optical system with a cahbrated tungsten-strip Iamp (Osram Wi 16/G be 2) 

V. -l-FE ELECIRIC BULB CIRCUlT 

In a notch in the two coIIecting rails a water-cooled copper coil is inserted, 
which is electricaNy isolated. The induced current in this coil is fed along a stationary 
coaxial cable to the bulb, This buIb is mounted in a brass tube and a point, approx, 

1 cm before the IIIament, is optically reproduced on one of the two photodiodes. 

The sample reacts to variatious of the heating power more siuggishIy than the 
bulb, aud so to equalize this, the signal from the photodiode, which measures-the 
emission of the bulb, has to be delayed chzctronicahy. The circuit is shown in Fig. 2. 

The voltage Ievels of the photodiodes for the bulb (Dl) and the sample_@2) 
are-adjusted individually by the two potentiometers PI -and P2. The signals of the 
photodiodes are then amphfied by the two similar PET operational amplifier Al 



and AZ By the step-by-step r&stances SI, which are operated simuItaneousIy in 
both circuits, Eve diEerI%lt Ineasurin g ranges can be scIectai, The amphfications in 
these ranges are chosen so that both photocurrents are roughly equal&d_ With the 
potentiometer P3 the signaI of the bulb is adjusted and matched to the signat of the 
specimen, (S&e the bulb is usuaiJy used in another temperature range than the 
sample the slopes of the emission-versus-power ewe of bulb and sample have to be 
equal&d_) Both circuits include capacitors which smooth out irregularities or 
oscillations f&s&r than the expected e&c&_ The time constants of these R-C-f&backs 
are between 0.1 and 0.4 sec. In the following circuit containing the FET operational 
amplifier A3, the signal of the bulb is deIayed_ The corresponding time constant can 
be adjust& by the &n-step switch S2 in the range from 0.2 to 20 see on a logarithmic 
scaIe. This signal is subtracted from the signal of the sampIe by a fourth opcrntional 
ampliger (A+%)- Its output signal then represents the temperature difference. The 
ampiiiication of this difherence can be changed by the five-step switch $3 in the range 
from 1 r2 to 1150 on a logarithmic scale_ Again fart variations of the signals are 
smoothed by a capacitor paraH& to the amplification r&stances (53) The time 
constant is I set at all amplification ranges_ Additionahy the signal of the sample is 
inverted by the operational amphfier A5 and smoothed with a time constant of I set 

This apparatus is used for investigations of metal-rnetal-oxid systems forming 

rod-like eutcctics (e.g. ZrOa-Ta, Zflz-W, Cr,O,-MO, Cr,o,-w) in the tcmpcrature 
ran& from 1400 to 34OO*C. Ofintercst arc effects of melting, solidification and metal- 
lographicinYestigationsafterthis &cahncnt So forthis work acruciile is used (made 
from the same mat&al as the investigated metal component_ The cruciile is located in 
a tungsten susceptor which is covered with a tungsten lid posses&g a hole which acts 
as a black body- The corresponding cavity is boa&red by cover, susc+or, cruciiIe 
andqxcimen.Thetemperatureismeasur& aS descrii~above. &libration~of this 
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TABLE 1 

SIIwultELBMs OF TEST SPEUMEM W THE LWA-APPARATUS 

Tr~omxatbn pohts ("CT) 

DTA Lit_ 

I. 2040 
II_ pm 2210” 

l-a 3010 

* Vdid for ziot-,. 

Fig 3. cooling ame of a La&W mixh.mz T = tanpuatum; AT = tanpaatum diffamce; 
AT is shifted 1 mm in positive time direction, 

device by measuring meIting points of sever& mater&Is shows that the temperature 
difference in the merent parts of the cavity is small enough to give reiiable results. 
The calibration points are shown in Table f_ 

To demons&ate the ability of the apparatus even under diBicuIt conditions 
(molten state, va~rising material, reactions during measuring - in this case LazO1 +- 
w+zzat WO,) the cooling curve of a hypo-eutectic Ia&-W alloy (approx, 
0.5 g) is shown in Fig 3. The tick line is the. temperature curve, the thinner one is 
the AT-curve, This ATcnrve is shifted in the positive time direction by the indicated 
coustant distauce. The initial melting point of this mixture is determinedat 226VC, 
the eutectic at 2230*C. The fust peak transition & the solid state is dete+e&& 
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2QB°C, the second at 204U°C (these values had been ascertained also for the pure 
oxid): The failure at 2300°C is estimated to 1- 30°C- 

The invtstigations were car&cd out at the PuIverrnetaiiurgi.sches Laboratorium 
of the Max-Planck-Institut fijr Metailforschung, Institut fiir Werkstofftinschnften, 
StuttgarL The exicomagenxmt and support.by Prof. Dr_ G. Petmw, head of PML, 
is gmtf?fulIy acknowledged. 
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