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ABSTRACT 

Equipment constructed for phase investigations by differential thermal analysis 
.DTA) is described_ The samples, usuaily 1.5-2.5 s, are in platinum crucibles mounted 

in a nickel block inside a Kanthal-wired “thermal gradient free” laboratory furnace. 
The reference material is fired Al,O,_ The temperature and the differential tempera- 
ture are measured by Pt/Pt 10% Rh thermocoupies. The differential thermocouple is 
immersed directly in the molten salt. 

The equipment has proved very welt suited for phase investigations in molten 
and solid fluorides, including the detection of solidus curves in systems with solid 
solubility- A survey of the systems investigated is @vex 

The equipment has also been tried for quantitative measurements_ The 
enthalpies of fusion of the alkali metal cryolites, M,AlF,, were measured by DTA. 
and the results are compared with values obtained by calorimetry:. 

Fig. 1. Schematic diagram of the DTA apparatus. 



ISTRODUCTiOS 

One of the main rewarch programs at the Institute of Inorganic Chemistry 

o\-er a number of J-ears has been the study of phase diagams, especially those related 

to the eIectroIytic production of aluminium and magnesium_ For this work an 

apparatus for diserential thermal analysis (DTA) was constructed, and has proved 

ver?; successful_ DTA has the advantage over ordinary thermal analysis that the 

sensitivity is much greater, thus enabIing one to xvork with far smaller sampIes. DTA 

is also better suited for the study of solid state reactions than is thermal analysis. An 

added advanraze of DTA over thermal analysis is that DTA is so much faster. 

rl block diagam of the DTA equipment is @en in Fig. 1. In the following the 

equipment is described in detail. and a survey of the systems investigated by the 

present authors and co-workers is siven. 

Furnace unit 

The furnace is a Kanthal A-wired vertica1 Iaboratoc furnace. The inner tube. 

made from Pythagoras tubkg. has an i-d. of 60 mm and is 45 cm long. The tube is 

insulated by a la>:er of diatomaceous earth. and the outer mantle is a water-cooIed 

Fig_ 2 DTX cquipmcnt: I = Sick1 block. 2 = Nickcl cover. 3 = Platinum crucible, -l=Pt,lPtlO%Rhj 
Pt ti.crmocouple for recording rcmpcrrtrure ditferences. 5 = Alumina protscfion tube with Pt!Pt IOZbRh 
thcmxoupIc for recording tcmpcraiure, 6 = Xiundum radiation shields. 
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copper shield. The tube’s ends are closed by water-cooled nickel lids. The power 
supply is regulated by a variable transformer. In order to reduce the thermal gradient 
over the length of the furnace. two variable resistances are connected in paraiiei to the 
top and middle part of the heater windings. The thermal gradier,t was found to be less 
than 0.1 ‘C&m over the middle part of the furnace_ The nickel block will reduce the 
gradient in the system still more. 

The sample and reference materials are in conical piatinum crucibles. top 
diameter 12 mm, bottom diameter 10 mm, height 15 mm. The crucibles are mounted 
symmetrically in a nickel block, 50 mm in diameter and 40 mm high. The block and 
crucibies are covered by a nickel lid. The block and lid are both gounded. This set-up 
is shown in Fig 2. 

Radiation shields made from aiundum cement are mounted in the furnace 
tube above and below the nickel block. 

The temperature is measured by a PtfPt 10% Rh thermocoupIe mounted in a 
bore in the nickel block. The differential temperature is measured by a Pt 10% Rh/ 
Pt!Pt 10% Rh thermocouple with the junctions immersed directly in the sample and 
reference material, to obtain the highest sensitivity and least possible time delay. The 
thermocouples are protected from contact with the nickel block and iid by alumina 
tubes. %e co&i junctions are immersed in mercury-filled giass tubes inside a thermos 
bott!< filled with ice and distilled water. 

Ail experiments were carried out in an atmosphere of highly purified nitrogen 
(‘>9_“!30 N,, Norsk Hydro A:S, Norway). 

Recording equipttretrrl 

The differential signal is amplified by means of 3 d-c. Microvolt Amplifier, 
ranse 50-2000 /rV (Leeds & Northrup Company, Philadelphia). This amplified signal 
is fed to the recorder. together with the temperature signal. Two diiierent recorders 
Lb-ere used, one Speedomas G Xk--recorder (Leeds & Northrup Company_ PhiiadeI- 
phia) and one Varian GZW2 Dual Channei Recorder (Varian Associates, California). 

When the XY-recorder was used, the exact reaction temperatures \\ere 
measured by a potentiometer uith an accuracy of 5 1 degee. With the dual channel 
recorder the reaction temperatures were read directly from the curves with the same 
accuracy, ? 1 degree. 

In addition to the greater accuracy in temperature readings, the dual channel 
recorder, where the differential temperature is plotted versus time, has the advantage 
of beins better suited for quantitative measurements than the XY-recorder. 

The following chemicals were used for the quantitative measurements: 
NaCi, KCI, and NazSOJ (all p-a_ E.G. Merck AG. Germany) were dried in air 

at 15O’C. 
LiF (Certified Reagent. Fisher Scientific Company, USA), NaF (p-a. E.G. 

Merck AG, Germany). KF (anhydrous, granular: min. 99%, Baker & Adamson, 



276 

USA). RbF (Grade 3NSt (min. 99-S%), Koch-Light Laboratories, England), and 

CsF (Laboratory Reagent (min_ 9Soi’o). The British Drug House Ltd., England). 

were ait dried in vacuum at 40045O’C. They were then mehed in a nitrogen atmo- 

sphere. and clear crytals were seiected from the samples. 

XIF, (technical _-de, Riedel de Haen AG, Germany) was purified by repeated 

sublimation. and clear hexa_eonaI crystak were sekcted from the sampks. 

TABLE I 

COMPOI;NDS SIXDIED BY DTX 

TABLE II 

SlSTEMS STL’DIEI~ BY Dr.4 

Syrtcm Rcfcrencc Obserred heat cljccrs due IO 

Formarion of Phu:-e Pcrirectic Eufecric Liquidus 

solid solurion lrarsirion reacrion rearlion reacrion 

SYCI-KC1 5 x 

Mgci~-caCJr 6 x 

Baa-KCI-MgCi.-caCiz 4 

SslF-LiF 7 x 

SaF-KF 7 X 

NzF-RbF 7 

LiF-AIF, 8. 9. 10 

KF-AiF S 
CaF,-AIF II 

SiF:-.4IF> 12 

Ba F:-Al F3 13 
PbF=-AIFs I’ -x 

CaF1-X;3,A1F6 I-: 

CaF,-X;aF-Ka,AlF, I-2 

Li F-Sa,_AI Fh 9. 10 Y 

Li,AIF6-Na3AIF6 5 I< 

LiF-XaF-Sa,AIF, 9. 10 

LirrLi~.~IF~-Sa,AlF~ 9. 10 
Li,AIF,--K,AiF, I5 
Li3AIF,-Rb,AiF, IS 
Na3AIF,-K,AIF, 16 x 

Ga,A!F,-Rb>XIF, 16 % x 

x 

:< 

x 

x 

x 

x 

x 

X 

x 
x 

x 

x 

x 

X 

X 

X 

x 

x 

x 

x 

x 

x 

x 

‘X 

x 

x 

x 

x 

x 

Y 

x 

1 

x 

x 

x 

x 

x 

X 

2: 



277 

Na,AIF, was natural hand-picked crystals from Ivigtut, Greenland. The other 

cryoiites were made by fusin_g alkali fluoride and AIF, in molar proportions 3:I, in 
an atmosphere of purified nitrogen. 

. I ‘ I 

ZOPV ICW 

(a) (b) 

Fig 3. DTA cooling curves for rhe system NaCI-KCI. Differential temperature versus temperature: 
(a) 33.4 mol?/0 KCI. liquidus point 695-C. solidus point 675 *C, critical mixing point 443 -C; (b) 
70.2 mol% KCI. liquidus point 697 -C. solidus point 670 C, critical mixing poin: 420 C. 

Ia) lb) 

Fig. 4. DTA heating curve (a) and cooling curve (b) for a sample of composition 97.2 mol% 
NasAlFe + 2.8 mol% LiF, vers us time, showing the phase transition zG~-NaxAIF,(ss) at 555’C 
and 564’C, respectively, and the reaction NaF(ss) + NasAiF~(ss)~Iiq t NasAlFJss) at 806%. 
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RESSULTS XSD DISCL‘SSIGS 

Qrraiiia f ire inresf igalions 

In Tables I and II is $ven a survey of the compounds and systems nudied, and 

the types of reaction which couid be detected by means of the equipmen. dccribed in 

the present work_ 

This DTA set-up has proled veq \veIl suited for phase in\-e;ti_eations_ Of 

special interest is the possibilit? to detect small amounts of solid soluticn. 

in Figs. 3 and 1 are eiven t-pica1 curves from systems showing so’id so!ubiIity. 

it is seen that atthoush the enthrtlpy changes associated with rhe formarion of solid 

ssIutions XC smaII. they mn be detected clearly by means of the present equipment 

snd techniques_ 

Qlranlifaf ii-i* meamrenrenls 

The basic equation relatin _e the peak area to the heat of reaction is 

-v 

AH=& - I ATdr 
c I 

Here AH is the heat of reaction- 
X-, is an aperture constant. 

AT is the dirTerentia1 temperature, and r’ is the time_ 

I and 2 signify the beginning and end of the peak. 

This equation show that for quantitative measurements the differential 

temperature should always be plotted versus the time. and not versus the temperature_ 

If a plot versus temperature is used, much more estensive calibrations become 

necessary. AIthou~h this fact has been known in Iitemture for several years, many 

authors have apparently not been aware of it. This has Ied to much confusion. 

especislli~~ when it comes to the question of whether the peak area is dependent on the 

he&in2 (coolinsj rate or not_ 

The equipment was calibrated by usin, n the melfng reactions of the following 

salts: KCI, NaCI, Sa,SO,. and SaF. The heating rate wzs 4_054,35’C~min, and the 

cooling rzte 2_6-3_5’C!min_ Each sample was heated 23 times (usualiy 3) and 

cooled I-3 times (usuaIl~- 2)_ The results from the first heating, which started with the 

SmpIe as a IooseI_v packed powder, were aI--ays disregirded, and are not given here_ 

These v3Iues tended to be much larger than the others. 

For the salts used for caIibration, the peak area W’;IS determined in the usual 

manner. IS shown in Fig. 53. The actuaI pezk arez were measured with a pIanimeter_ 

The resuhs of the caiibntion are @\-en in Table III. The calibration factor k (in 

caIimarea unit) could be expressed as a function of the absotute temperature, 7: 

Hating: k = - 12.832+22.781 -10e3 T-88.333-IO-6 7’ (2) 

CocIing: lc = - 13_94Ui-22_940- IO-3 T-88.542- 1O-6 7-’ (3) 
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TABLE III 

CALIBRATION FACTORS FOR ENTHALPY OF FUSION XIEASL’REMENTS, 
WITH ESTIMATED UXCERTAINTIES 

Compound MeIling AH, Sample ::eight Calibrating far for 
(‘C) (kca!/moi) (g) (caI;brea unir) 

Hearing Cooiing 

KC1 771 6.18 17 I.5903 1.90 I.33 
1.79 I.24 

1.49so 1.83 I.23 
1.86 I.24 

Mean: 1 .SS iO.05 I.26 i 0.05 

NaCI 801 

N3rSOr 882 

N3F 996 

6.73 ’ 7 I.5496 Z.il 1.51 
2.06 1.61 

1.7306 1.01 I.47 
2.15 

1.7013 I.98 I.39 
1.99 I.42 

Mean: 2.05 5 0.05 1.48CO.I 

5.67 Is I.8955 2.42 I.81 

2.3 I I.78 
(2.62) I.85 

2.0045 2.30 I.65 
2.39 I.63 
2.34 1.65 

Mean: 2.35 io.05 1.73fO.I 

7.99 ‘9 1.0417 7.98 2.15 
0.9617 z-33 I.75 

2.72 I.97 
2.0940 2.65 2.00 

2.68 2.04 
2.2974 2.67 2.18 

1.51 1.95 
Wxm: 2.66 i 0.1 2.51-0.1 

These equations were calcuiated by a Ieast squares treatment. The t .vo cali- 
bration curves are shown in Fig. 6, together with the mean values of k fox exh of the 
saIts_ 

The enthalpy of fusion of the alkali metal cryolites were measured in the same 
manner. Here the peak area determination was somewhat different. With the 
exception of Li,AIF, all these compounds show strong tendencies to pre-melting, and 
the usual method of peak determination, as shown in Fig. 5a, gave rather high values 
for the enthalpy of fusion. The peak areas for these compounds were therefore 
determined in the manner shown in Figs. 5b and 5c. The results obtained are given in 
Tab!e IV, together with vaIues from calorimetric work. 

As can be seen, the DTA measurements gave values in good agreement with 
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Fig. 5. Pcrtk aret connected with the melting reacrian of (a) compound showing no prc-melting 
reaction, (b) compound showing pre-mciting rcxtion. heating CUTVC. and (c) compound showing 
prcmclting reaction. cooling cunz. 

?lCQ r2nO 1300 

T.ZRlpCrO:r;KC /K 

Expcrimcnt~l caiibraEion factor for cnthaipy measurrmcnts from (a) hating cumcs, (b) 
cooling cur\-a. 3 Jlcan calibration facion from the compounds KCI. NaCI, Na2SO+, and NaF. 

caiorimezy for some compounds. while others differ by as much as lY?& or up to 30% 
for single measurements. We believe the main reason for this variation to bz the 
difiiculty in evaluating the peak area correctly when pre-melting occurs. The results 
show. however, that for compouncis without pre-melting, reasonably accurate 
enthalpy values can be obtained by use of the DTA equipment described here. 
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