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A novel differential thermoanalytical technique is described and discussed with 
regard to function, operation, performance, theory and application. Information is 
provided about the nature of the internal processes taking place at the time of absorp- 
tion or release of energy. Notable features of the technique include high sensitivity 
and independence of a reference sample. 

Over the years, since the pioneering work of Roberts-Austen [1, 2] Le Chatelier 
[3, 4], and others [5] at the turn of the century, DTA has been put to extensive 
and varied use in science and industry. From the technical standpoint much atten- 
tion has been directed at increasing the sensitivity and reproducibility of the 
method, and this has led to the development of  elaborate and sophisticated auto- 
matic recording techniques. The fundamental principle of comparison with a 
reference material has been maintained throughout this period. Nevertheless there 
are certain difficulties which are unavoidable with this technique. On the one hand 
there are problems associated with the selection of a suitable reference material 
and on the other hand with the requirement that both the substance and the refer- 
ence should be exposed to identical environmental conditions. This requirement 
necessitates that, ideally, there should be insignificant temperature gradients 
across the specimens and between them. These basic difficulties are met by the 
new approach to DTA presented here. 

In this method, because the test sample itself is used as its own reference, no 
separate reference material is necessary. The requirement for eliminating temper- 
ature gradients disappears because by contrast with conventional DTA, a deliber- 
ately-imposed temperature gradient along the sample is obligatory. Moreover, 
by means of this technique, a new type of effect taking place at first-order phase 
transitions is revealed. A distinctive thermoanalytical curve characteristic of the 
method is produced, and its analysis gives physical information about internal 
microscopic processes which are new to thermal analysis. The method should be 
of particular value when used in conjunction with conventional DTA as a means 
of obtaining more complete differential thermal information about the physical 
and chemical processes occurring within materials. Brief descriptions of the new 
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method have been announced in publications elsewhere [6 -8 ] .  The present paper 
provides a more complete mathematical and physical account and includes much 
additional material (see also reference [9]). 

Technique 

As with conventional DTA, the sample to be investigated is mounted either in 
a furnace or in a cryostat containing a heater, whose power adjustment allows the 
sample and its environment to be raised or lowered in temperature at a controlled 
rate. 
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Fig. 1. Disposition of the heater and thermocouples for (a) solid samples (S~), (b) powdered 
or liquid samples (Sz). H = heater, C = container of poor thermal conductivity, T = upper 

thermocouples, AT = differential thermoconples 

Samples of any shape may in principle be studied, but there is a practical con- 
venience in working with cylindrical samples. A typical sample might be a solid 
rod such as S~ (in Fig. l(a)), or a powder or liquid such as Sz (in Fig. l(b)) held 
in a tube C made from a material of poor  thermal conductivity, such as pyrophyl- 
lite or polyethylene. The sample is mounted vertically with a small wire-wound 
resistance heater H firmly secured to its upper end. The means of attachment 
varied according to the sample and the temperature range of investigation, but for 
the various solid substances that we have studied (metals and nonmetals) spot- 
welded, soldered, or epoxy-resined joints were satisfactory. For liquid or powder 
samples the heater support passed through the wall of the container and into the 
sample itself. 
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The sample heater is used to establish a temperature gradient along the sample 
length which, in the absence of an exothermic or endothermic reaction, provides 
the thermoanalytical curve with a base-line of operation. This base-line tempera- 
ture-gradient is monitored by a differential thermometric pair, such as thermo- 
couples, attached to the sides of the sample. We have employed various tempera- 
ture gradients in the tests ranging from about 0.5 deg to over 10 deg K. On occa- 
sions, we have created the desired temperature gradient by locating the sample 
in an inhomogeneous temperature region of the apparatus, and dispensed with 
the sample heater. The microvolt signal from the differential thermocouple pair, 
when determined manually, was measured using a Leeds and Northrup K5 micro- 
volt potentiometer with a DC electronic null detector. In such experiments copper- 
constantan thermocouples were used. 

In other experiments an automatic arrangement was used in which the microvolt 
signal was recorded on a Texas Instruments dual-channel strip-chart recorder 
after suitable amplification using the sensitive, low-noise microvolt amplifier which 
forms part of the Fisher Company's Series 300 modular quantitative differential 
thermal analyser (QDTA). In this part of our work we used the linear programmer 
and furnace from the same system together with platinel thermocouples (as used 
in the Fisher 300 QDTA). 

The effect 

Figs 2 and 3 illustrate the effect observed at melting and freezing transitions 
of metallic elements. Fig. 2 is an example of data obtained manually and relates 
to mercury whose melting point is dose to 234~ 

The mercury which was 99.9999% pure was purchased from Koch-Light  
Laboratories Ltd., Colnbrook, England. The 5.6 cm long sample was contained 
in a thin-walled polyethylene tube of 0.8 cm internal diameter. Two thermocouples 
made thermal contact, 3.6 cm apart, with the sample via short platinum wires 
such that the distance from each thermocouple junction to the mercury was about 
3 mm (Fig. l(b)). An inert gas atmosphere of about 10 -6 torr helium was main- 
tained in the cryostat, and the rate of heating through the transition was about 
0.1~ Certain other physical details regarding the sample are supplied in the 
next section with a theoretical analysis of Fig. 2. 

Within the region of temperature where no evolution or absorption of energy 
takes place, the thermoanalytical curve is uniform (as on the extreme left-hand 
and right-hand sides of each part of the figure). But when a release or intake of 
energy occurs within the specimen, the curve is modified in a characteristic manner 
as indicated by the twin-peak part of each graph. It will be shown in the next 
section that (i) the minimum in Fig. 2(a) occurs when the advancing liquid/solid 
phase boundary reaches the location of the first thermocouple probe (i.e. the ther- 
mocouple which is nearest the heater); (ii) the maximum point of the curve cor- 
responds to the arrival of the phase boundary at the second thermocouple; and 
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(iii) the melting temperature for the sample, under the conditions o f  the experi- 
ment, is given approximately by the mean of  the graph temperatures for dTml . 

and ATma x. The twin-peak effect is a direct consequence o f  the additional heat 
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Fig. 2. Mercury A T - -  T curves obtained by the manual method. Note the mutual reversal 
of the twin-peaks for cooling compared to warming. The dotted lines are theoretical curves 

discussed in Section 4 

current caused by the motion o f  the instantaneous internal heat sources when 
superposed on the main current due to the sample heater. At the same time, it will 
be understood why on this type o f  thermoanalytical curve the pair of  opposed 
extrema have their senses inverted for cooling runs compared with heating runs. 
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Fig. 3 is supplied as an example of a curve obtained by the automatic recording 
technique. The data were obtained for the melting and subsequent refreezing of 
high-purity (99.9999~) indium. The normal melting point is 156~ The sample 
was contained in a thin-walled pyrophyllite tube, of internal diameter 0.7 cm, with 
air at normal pressure as the surrounding atmosphere. The separation of the probes 
of the differential thermocouple pair was about 2.0 cm. The rate of heating was 
programmed for 10~ and the rate of cooling for 10~ using a chart speed 
of 2.5 cm/min. The basic features of the thermal curves in the phase transition 
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Fig .  3. I n d i u m  AT-time curves p r o d u c e d  on a char t  recorder .  The  fo rm of  the peaks  is the 
same  for e n d o t h e r m i c  a nd  exo the rmic  reac t ions  

region are closely similar to the preceding ones for mercury, with one notable 
exception. The mutual inversion of the extrema of the thermoanalytical curve, 
noted in Fig. 2 for cooling compared with heating, does not appear in Fig. 3. This 
is because of the different abscissae used for the two figures. The abscissae of 
Fig. 3, being taken from a chart record, represent increasin9 time, with no regard 
as to whether the temperature is rising or falling in contrast to the abscissae of 
Fig. 2. 

These two figures illustrate the main characteristics of the twin-peaked effect 
which appears in the AT signal whenever a sample, across which there exists a 
temperature gradient, undergoes a transformation involving the release or absorp- 
tion of heat. Essentially similar curves were obtained in all our work which 
concerned solid and powdered metallic, inorganic and organic substances at their 
melting and freezing points and at crystal structure transformation temperatures. 
The only restriction to this statement is that for liquid C- solid changes if the 
solid density exceeds the liquid density it is preferable to ensure that the direction 

J. Thermal Anal. 5, 1973 



538 SZE, MEADEN: A NEW  METHOD OF DTA 

of  heat flow is the same as the earth's gravitational field. Otherwise, complications 
can arise, if the lower end of the sample melts first, due to convection and surface 
tension effects. 

Phenomenological theory 

The twin-peak effect originates from the generation of a heat source or sink 
over the surface region separating the hotter and cooler phases within the test 
substance and from the subsequent propagation of this heat through the remainder 
of the sample. In the case of first-order phase transitions (crystallographic re- 
arrangements, changes of state, etc.), the heat evolved or absorbed is the latent 
heat. The development of the twin-peaks is described using a phenomenological 
model, developed from standard heat-conduct/on theory, for the propagation 
of  an instantaneous plane source of heat evolved or absorbed per unit area o f  
the specimen cross-section. 

The temperature distribution, T, in a solid or stationary liquid through which 
heat is flowing is described in standard references such as Carslaw and Jaeger 
[10] by 

c3T 
pCp ~t - K Iz2T 

where p is the density, Cp is the specific heat, K is the thermal conductivity, and 
t is time. For one-dimensional heat flow with constant thermal properties in both 
the solid (S) and liquid (L) regions, the applicable differential equations are 
c3Ts/Ot = ~s(32Ts/OX 2) and OTL/Ot = O ~ L ( ~ 2 T L / ~ X 2 ) ,  if  internal natural convection 
can be neglected, a s and ~L are the thermal diffusivities for the solid and liquid 
regions respectively. When a substance of a single component or eutectic compo- 
sition changes its state, the heat balance across the surface of separation at 
x = s(t) is Ks(OTs/OX) = KL(C~TL/Ox ) q- pQ(dS/dt),  where Q denotes the latent 
heat. The essential feature of such problems is the existence of a moving surface 
of  separation between the two phases. The way in which this surface moves has 
to be determined. Heat is liberated or absorbed on it and the thermal properties 
of  the two phases on opposite sides may be different as well. 

The application of solutions to the unsteady heat conduction problem with 
change of phase has great practical importance. For  example, the problem of  ice 
formation is significant both in geophysics and in ice manufacture; much attention 
has been given to the solidification of  castings; in aerospace studies the problem 
of ablation is encountered when a body moves with hypersonic velocity through 
the earth's atmosphere. Yet there exist relatively few solutions which may be 
extended to practical cases. The characteristic feature of  the problem is the coupling 
of  the temperature field with the rate of propagation of the interface between the 
solid and liquid phases, which makes the problem non-linear. Only a few exact 
analytical solutions have been found for special cases. For  example, Neumann's 
solution (see Carslaw and Jaeger [10]) relates to the solidification of  the semi- 
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infinite region of a liquid, initially above or at the fusion temperature, when the 
surface wall temperature is suddenly decreased to and maintained at a temperature 
below the point of  fusion. Analytical solutions are limited by mathematical 
complexity, while most numerical solutions have not been developed in a con- 
venient, general yet accurate form [11]. However, electrical analogues like the 
resistance-network analogue, have proved useful for studying heat conduction 
problems with change of phase [12]. With our experimental arrangement, the 
measurable parameter  connected with the "latent heat" is simply the temperature 
difference (AT). The result of  our effect can be calculated theoretically if we treat 
our case as the analogue of the "heat  pulse method for the measurement of thermal 
diffusivity". This analogy is physically and mathematically reasonable under 
certain assumptions. 

The 'pulse method'  for measuring the thermal diffusivity of  metals was first 
suggested by Woisard [13] and further developed by Oualid [14], and Foley and 
Sawyer [15]. The basic principle can be understood by considering an infinitely 
long, thin rod lying along the x-axis. I f  this rod experiences no thermal gains or 
losses and all heat flow is parallel to the x-direction, the diffusion equation reduces 
to ~T/~t = ~(~2T/?x2) where T is the temperature of  the rod at the point x and 
time t. Because the rod is at a uniform temperature, the differential-temperature 
base-line can be considered zero. At t = 0, a momentary  heat pulse is generated 
in the centre plane of the rod, x = 0, such that the initial temperature distribution 
along the rod is T(x, t = O) = Tog(X) where 6(x) is the delta function, with the 
properties that 

oe 

j I~ 6(x)dx = 1, ~(x) c~ as x ~ 0  

Then the boundary condition is that lira T(x, t) = 0. This means that the tem- 
.~ •  

perature of the rod at points far from x = 0 approaches zero. The solution is 
given by Carslaw and Jaeger [10], Fourier [16] and Luikov [17] as 

T(x, t) = To(47z~t)- 1/2 exp ( - x~/4~t) (1) 

In Woisard's [13] experiments, a heat pulse was generated at one end of the 
thin sample rod by discharging a bank of capacitors across the circuit containing 
the rod and a small silicon carbide heater-disc. Woisard found the initial temper- 
ature distribution to be essentially a square pulse in the region of the heater ele- 
ment instead of the delta function for the ideal case, i.e. the boundary condition 
of Eq. (1) should be written 

d d 
T(x , t  = 0) = 0 for x < - 2 and x > - 2  

d d 
=To for - 5 < x <  2 
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where the thickness of the heater disc is d. This leads to a solution of Eq. (1) 
which may be written in the form 

lim T(x, t) = Tod(4z~t)- 1/2 exp ( -  x~/4~t) (2) 
d(4n~t) - l /z~ 0 

In our problem, a constant heat current is applied along the sample rod. Within 
the single-phase temperature region (either solid or liquid), a constant temperature 
gradient is obtained, and over a short temperature interval, the thermal properties 
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Fig. 4. Idealised .::IT-- T curves for endothermic and exothermic reactions 

of  the sample are almost unchanged. Therefore, on the A T  vs Tmr plot (Fig. 4), 
two almost horizontal straight lines result in the solid and liquid states. The slight 
difference in magnitude is caused by the different thermal properties of the two 
phases. As Tm~n decreases or increases uniformly through the interfacial region, 
the distinctive curve with its twin peaks (as illustrated in Fig. 4 by the dotted line) 
is observed experimentally. Physically, the extrema correspond to the passage of 
the interfacial phase boundary (acting as the internal sources or sinks of latent 
heat) past each thermometer in turn. The mutual inversion of their extrema, when 
comparing the cooling result with the warming one, is due to the reversible prop- 
erty of the "latent heat" (which is exothermic during cooling and endothermic 
during warming). In either case they are the direct consequence of the extra heat 
current caused by the motion of these heat sources or sinks superposed on the 
main heat current due to the sample heater. The following development of the 
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calculation is based on these qualitative facts and also considers only the change 
of the dotted-line portion in Fig. 4 with respect to the almost constant horizontal 
AT-base line. 

It  is well-known that during the melting or freezing of metals in the presence 
of  a temperature gradient, the interfacial phase boundary often moves inter- 
mittently even with constant continuous driving force acting on the phase bound- 
ary [18-25] .  During the freezing process, for example, the interface, instead of 
moving steadily changes its rate almost periodically. By recording the motion of 
the crystallization front of  bismuth and lead automatically on a photographic 
plate, it has been found that this intermittent motion is practically simple harmonic 
with period 2r '  (a few seconds) and amplitude d(.,~ 10 -2 cm) [23, 2 6 - 2 8 ] .  

A• 

_!al,~_ 

Fig. 5. Divis ion o f  a long,  th in  cyl indrical  spec imen  in to  n e l emen ta ry  th in  rods.  

We consider a long thin cylindrical sample, having, say, a length of a few cm 
and a diameter of a few mm. It is insulated from the surroundings, and any change 
of the cross-sectional area with distance along the x-axis is negligibly small. With 
these assumptions, the problem can be treated as almost one-dimensional. We 
further assume that the deosities of the liquid and solid phases are kept constant 
and that convection in the liquid phase is negligible. In order to approach the 
ideal one-dimensional case still more closely, the thin cylinder is subdivided into n 
elementary thin rods (Fig. 5). Suppose that during the period of crystallization 
"c ' ( t  I ~ t2)  , nl(<n ) elementary rods, with their individual interfaces at positions 
x freeze and advance a distance A x.* Latent heat is evolved from these n I elementary 
heat sources: together with the non-frozen (n - n l) elements, this constitutes the 
non-planar interface observed in experiments under the microscope. Here, we 
ignore the detailed structure of  the interface and consider that the total heating 
effect (caused by the latent heat evolution) will be the same as if the interface 
advances, on average, an effective distance d(d ~ Ax). In other words, during the 
time interval t 2 - t I a certain amount of  heat is generated by a single heat source 
within a slice of thickness d. As the interface moves forward in a harmonic manner  
(with the rate changing periodically, as mentioned above, even when subjected 

* In the  case  o f  magne t i c  f i rs t-order  phase  t rans i t ions ,  to be d iscussed fu r the r  on,  where  
magne t i c  d o m a i n s  p lay  an  equiva len t  role,  ~lx is the  charac ter i s t ic  magne t i c  d o m a i n  d imen-  
sion.  The  s a m e  may  also prove  to the  case  o f  d o m a i n  s t ruc tu res  in superconduc t iv i ty .  
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to a constant driving force) then during the next time interval t 2 ~ t3 where 
t3 - t2 ~ z', if the freezing rate slows down, the corresponding effect will be that 
the number of  heat sources lessens and becomes smaller than n v Therefore, as the 
freezing process continues, latent heat is evolved continuously with a slight 
variation between certain maximum and minimum values. 

T 

t4<15<t 6 

15 

TA 

-,,,'a- 

Fig. 6. (a) Temperature distribution as f(x, t) following a single heating pulse. (b) Tempera- 
ture distribution due to continuous heating pulses 

However, the freezing of the sample in a portion of width d causes a brief tem- 
perature rise, which we shall call the pulse temperature Tod [13 -  15]. It  is quite 
obvious that Eq. (2) can be applied for the calculation of the distribution of the 
temperature T(x, t) with the following approximation. 

Equation (2) is the distribution function of temperature as a function of position 
x and time t. With a single heating pulse, the function would change with time 
as in Fig. 6(a), shown for instants of  time q, t~, t 6 where q < t~ < t~. But the 
freezing process is continuous, with continuous heating pulses as assumed above. 
Consider therefore one period of the freezing process (t 1 ~ t 2 ~ t3). The temper- 
ature distribution function changes from the upper curve of Fig. 6(b) (maximum 
heating effect) to the lower curve (minimum heating effect) and the same happens 
during the other period of the freezing process. Hence at any instant of time, 
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the function lies between these two  curves,  and an average value (T O ) can be assigned 
for t. Thus at any instant, the temperature distribution can be approximated by 
T ( x ,  %) (the dotted line in Fig. 6(b)) and so can be reckoned as a function of  posi-  
t ion x only.  
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Fig. 7. Temperature distribution along the rod AD when the interface is at 0, where 0 is 
a distance xl from the thermocouple at C and x. from the thermocouple at B 
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Figure 7 shows at a certain instant the interface advanced to the position 0 
which is at a distance x 1 from thermocouple at C and x 2 f rom thermocouple at B. 
Because of the latent heat evolved during freezing, the true temperature gradient 
(instead of being (T 1 - T~.) due to the external heater) should be the difference 
between T 1 + (To)Ld(4naL Zo) -1/'z exp (--X~/4~LZ0) and T 2 + (To)sd(4nasZo) -1/z exp 
(-x~/4~sZ0). Physically, the pair of  opposed extrema correspond to the passage 
of  the interfacial boundary region past each thermometer in turn. Mathematically 
this corresponds to the exponential term of the theoretical expression reaching 
an extremal value of unity as the variable x --+ 0. 

The dotted lines of  Fig. 2 are theoretical curves obtained on applying the above 
assumptions to the case of  a mercury rod. The diameter of  the uniform rod was 
0.6 cm, with AB = 0.8 cm, BC = 3.6 cm, CD = 1.2 cm, and AD = 5.6 cm. 
In addition, the following physical parameters  for solid and liquid mercury (taken 
f rom standard tables) were used in carrying out the calculation [29]: 

Q (latent heat) = 11.3 Jg-1 
p (density) = 13.5 gcm -3 
K(s) (thermal conductivity) = 94 x 10 -3 watts cm-lK-I 
C(s) (specific heat) = 0.134 J g - l K - 1  
KtL) = 70.6 x 10 -'~ watts c m - l K  -1 
C(L) = 0.121 J g - l K-1  

where ~ = K/Cp and T o = Q/C. The only unknown parameters in the expression 
are d and %. The best fit with the experimental data (Fig. 2) was obtained for 
d ~ 1.7x 10 -2 cm and z 0 ,,, 10 sec. These values are quite close to the directly 
observed ones for bismuth and lead (10 -2 cm, and a few seconds), although the 
experimental arrangement used for the latter measurements is different from ours. 
The step change at 234.84~ on the lower curve of Fig. 2 is due to supercooling. 

Several other experiments were performed on mercury under different condi- 
tions. Figure 8 shows the result of a melting experiment with initial AT of 8.66~ 
in the solid state and 10.54 deg. in the fully-molten state. In this case the dimen- 
sions are AB = 1.1 crn, BC = 4.5 cm, CD = 0.9 cm and the uniform diameter = 
0.3 cm. The agreement between the temperature-dependences of  the experimental 
curve and the one obtained using Eq. (2) is reasonable, and values of  4.3 x I0 -2  cm 
for d and of I0 sec for z 0 resulted. It  is interesting to note that the prominent undu- 
lation which develops along that part  of  the experimental curve lying between the 
extremal peaks is also displayed by the theoretical curve. This feature of the curve 
is mainly a result o f  the big temperature gradient employed. 

We have also applied our model to the case of  magnetic first-order phase tran- 
sitions. Full experimental details are given elsewhere of  the application of our new 
DTA technique to the case of  antiferromagnetic chromium at its first-order spin- 
flip transition at 122~ ( -151~  [6]. This transition is very weak, the latent 
heat absorbed on warming being only 4 or 5 x 10 -4 jg-1 [30, 31]. In addition to 
the usual twin-peak effect illustrated by Fig. 9, extra structure appeared in the 
curve caused by regions of  sample inhomogeneity. The form of Fig. 9 suggests 
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Fig. 9. Applicat ion of  the new D T A  technique to the weak magnetic first-order phase  tran- 
sition near 122~ in chromium. The la tent  heat is only 4 or 5 •  Jg -1. The additional 
structure in these thermal curves is caused by inhomogeneit ies  located towards one particular 

end of  the sample  (near the second thermocouple  junction) 
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Fig.10. Endothermic curve for chromium; the upper curve of  Fig. 9, but with the difference 
that the sample  has been bodily reversed in posit ion while leaving the heater and thermocouple  
geometry unchanged.  Hence the less homogeneous  part of  the sample  n o w  affects mainly the 

first thermocouple  instead of  the second 
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that this less-homogeneous part of the sample is located in the neighbourhood 
of  the second junction of the differential thermocouple pair (i.e. towards the end 
more remote from the heater end). This was later confirmed by Laue X-ray 
diffraction work which showed this part of the specimen to be more strained 
and to have smaller crystallites than the rest of the specimen. The result of an 
additional experiment, carried out on the chromium with it turned around with 
respect to the thermocouples and the specimen heater, is given in Fig. 10. It is 
evident that this reversal has the effect of siting the inhomogeneous part of the 
chromium near the thermocouple at the higher instead of at the lower tempera- 
ture. The dashed curves in Fig. 9 are drawn to indicate the behaviour thus expected 
of a strain-free specimen. 

In the magnetic spin-flip transition the main difference compared with the 
solid ~ liquid transition is that the latent heat depends chiefly on the change in 
the magnetic entropy. In a simple sense, on  passing through the spin-flip transi- 
tion, the magnetic domains change from one configuration to another, resulting 
in a change of internal energy [30, 31 ]. Recently, the characteristic domain dimen- 
sion of  chromium [32] has been observed visually by the X-ray double-crystal 
method at liquid nitrogen temperature to be ~ 1 mm [33]. For the reasons given 
above, we therefore take d ~ 1 mm and, from Fig. 9, 

A T ( x  = O, %) ~ T o d ( 4 ~ Z o )  -1/z  ,.~ 0.1~ 

The following known values were used for the other relevant parameters: 

Q (latent heat) ~ 4 or 5 x 10 -4 J/g [30, 34] 
K(T<TF) "~ K(T>TF~ ~ 1.28 watts c m - l K  -1 [35] 
C p ( ' l " < T F )  ~ C p ( T > T F  ) ~ 0.116 Jg - lK-1  [36] 
p (density) = 7.21 gcm -'~ 

We found that ~o ~ 10-9 sec resulted. Physically, it is reasonable to relate this 
time constant to the relaxation time for magnetic domains to return toward 
equilibrium after the disturbance of the domain configuration on passing 
through TF. For  s u c h  a relaxation process, the relaxation time can also be calcu- 
lated from ultrasonic attenuation measurements. Later, such measurements were 
made on chromium, and the result obtained (a relaxation time no shorter than 

10 -1~ sec) [37] directly confirmed our value within an order of magnitude. 
As a consequence, it appears that magnetic domains in the phase boundary region 
play a role equivalent to that of the microstructure of the interface region at the 
point of  fusion. 

Additional experimental remarks 

In the previous sections we have demonstrated some of the uses to which the 
new DTA method may be put. It may be used for detecting phase transitions, 
even very weak ones, and for indicating their temperature of occurrence. Moreover, 
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information is simultaneously provided about the internal microscopic processes 
taking place at the transition, including diffusional relaxation times and the 
volume of  the heat sources or sinks. We have also indicated, using a particular 
chromium sample for illustration, how an inhomogeneous part  of an otherwise 
supposedly pure sample can manifest its presence by the effect that it produces 
on the curve. The next figure (Fig. 11) illustrates the consequence of deliberately 
adding an "impuri ty" to the central part  of  an indium rod which is then caused 

Fig. 11. 

I ~ST 

I I I I p . .  
Time 

IT-- T curve for melting indium showing the effect of deliberalely locating a "dis- 
turbance" in the specimen midway between the thermocouple probes 

to melt in the presence of a temperature gradient. The " impuri ty"  was a horizontal 
platinum wire of diameter 0.5 mm passing through the polyethylene container 
wall and thus into the indium specimen about midway between the thermocouple 
probes. The effect was to produce some fine structure on the curve corresponding 
to the time interval during which the advancing liquid-solid interface arrives at 
and passes the transverse platinum wire. it appears that the disturbance deliber- 
ately introduced into the middle of  the sample does not affect the curve as a whole, 
but modifies that small part  of it corresponding to the time taken for the interfacial 
region to pass through the disturbed region. 

In the previous section, we indicated that it is advisable to locate the heater at the 
upper end of the vertical sample if transitions other than solid ~ solid ones are 
to be studied. This is because, in a solid ~ liquid transition for a substance whose 
solid density exceeds the liquid density, if the lower end of the sample is melted 
first gravitational effects will cause circulation currents in the liquid state to de- 
velop. The variability of such currents prevents a uniform passage of heat through 
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Fig. 12. Heating A T - -  T curves for orthorhombic uranium following rapid quenching from 
80 ~ to 4~ Rates of quenching were (1) 0.23~ sec.-1,(2) 0.47~ sec. -1, and (3) 0.73~ 
sec.-1. A low-temperature metastable structure reverts exothermically to a more stable form 

in the neighbourhood of 55 ~ to 60~ 

the sample, and the microscopic behaviour at the melting interface is rendered 
uncertain. The only stable means of studying melting phenomena in substances 
which are less dense when liquid than when solid is by having the temperature 
gradient in the same sense as the gravitational field (the opposite would seem to 
be the case for the ice ~ water transition). 

Figure 12 is another example of the application of our D T A  technique to the 
study of  the solid state, showing heating A T - T curves obtained on a-uranium 
after quenching to liquid helium temperatures (4~ More rapid quenching rates 
raise the fraction of a metastable low-temperature phase that is formed. Sub- 
sequent reheating permits a reversion of  this phase at around 55 to 60~ to the 
form normally stable at these higher temperatures. The quenching rates from 80 
to 4~ which were employed prior to obtaining curves l, 2 and 3, were respec- 
tively 0.23~ sec -1, 0.47~ sec -1, and 0.73OK sec -1. The twin-peaks develop 
quickly as the available latent heat f rom the crystal phase conversion increases. 
From the nature of  the peaks it is clear that this heat is exothermic. 
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Conclusion 

This paper has reported a new DTA technique which does not require a refer- 
ence sample. By virtue of  a temperature gradient imposed across the test sample, 
the test sample is made to serve as its own reference. The method might therefore 
be termed auto-differential analysis. It provides a characteristic effect at the time 
of  occurrence of  endothermic or exothermic reactions which enables useful 
information about the nature of  the concurrent internal processes to be deduced. 
The method is simple and does not necessarily demand special, complex and expen- 
sive equipment, and yet for physical phenomena such as melting or crystalline 
phase transitions the reproducibility is excellent. Furthermore, by an elementary 
extension o f  the technique, derivative curves of  our D T A  curves having their own 
intrinsic characteristics and uses may be generated. It is therefore expected that 
our new technique will be of  interest to research and industrial analysts in many 
scientific, medical and industrial disciplines. 

We wish to acknowledge support of this research by the National  Research Council 
of  Canada and Dalhousie University, Halifax. 
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Rt~SUM~ -- On d6crit et discute une nouvelle technique d 'ATD en consid6rant sa fonction, 
son utilisation, ses possibilit6s, sa th6orie et son application. On indique les processus internes 
qui se produisent  lors de l 'absorpt ion ou de la lib6ration d'6nergie. Les principales caract6- 
ristiques de la technique se rappor tent  h la sensibilit6 61ev6e et ~t l ' ind6pendance de l '6chan- 
tillon de r6f6rence. 

ZUSAMMENFASSUNG - -  Line neue differentialthermoanalytische Technik wird hinsichtlich 
ihrer Funktion,  Arbeitsweise, Leistung, Theorie und Anwendung beschrieben. Es wird tiber 
die Beschaffenheit der inneren Vorg/inge bei der Energie-Absorption oder -Freisetzung berich- 
tet. Vorteile der neuen Technik sind die hohe Empfindlichkeit und die Unabh~ingigkeit yon 
der Referenzprobe. 

Pe3roMe - -  ONHcana H o6cy~r~Iena a OTHOIIIeHI, n.I qbynKun~I, onepatmH, BblHO.rIHeHI.I~, TeopHH H 
Hcno~b3oBartnn noBafl ~Iaqbqbepenurmnbnaa TepMoanannTn•ecraa MeTOanKa, o6ecnennBaeTcn 
nnqbopMaunz o npnpolle npo~eccoB, npo~Icxo)Ifl~Hx nprt nornoiuermH rtna ocao6o~r~Iennn 3nep- 
rnn.  Ba~rtb~Mn oco6eunocTnMn Megoanrr~ flBnfl~OTCa BblCOKa~I qyBCTBHTeJIbHOCTb n He3aBHcFI- 
MOCTb axanonHoro o6pa3tta. 
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