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1. Introduc tion 

Differential Thermal Analysis is a method of studying the 

thermally induced physical and chemical changes which a material under

goes upon heating. Possible physical changes which may occur include 

melting, boiling, sublimination, changes in crystalline structure, and 

others. Chemical reactions such as decomposition, dehydration, dissoci

ation, and oxidation and reduction may also occur. Most of these trans

itions would be endothermic, or absorb heat; however, oxidation, some 

decomposition reactions and crystalline transformations produce exother

mic effee ts. 

The origin of Differential Thermal Analysis dates back to 1887 

when Le Chatelier
l 

published a paper, which is considered a classic in 

this field of study, entitled "De l'action de la Chaleur sur les argiles" 

or "The Action of Heat on Clays." In this study Le Chatelier examined 

a variety of clays as they were heated in a furnace to elevated temper

atures. Then he classified the clays on the basis of their derived 

temperature-time curves. An example of such a curve is illustrated below. 

(Figure 1) 



At time tl on the curve, the temperature of the sample deviates from 

its linear rate of increase and levels off. At this point, it is 

assumed that the sample is undergoing some endothermic reaction and is 

absorbing heat from its environment. At the peak of the deflection, 

time t 2 , since the slope of the curve is approximately equal to the 

original rate of temperature increase, it is assumed that the endo-

thermic process is about completed. By time t 3 , the temperature of the 

sample has again, by heat diffusion, caught up with the furnace temper-

ature and continues to increase at its original linear rate. 

1 
In 1899 w.e. Roberts-Austen suggested that instead of one 

temperature being recorded, that of the sample material, two thermo-

couples ,::ould be employed. One thermocouple would measure the temper-

ature of the sample, and the other would measure the temperature of some 

thermally-inert reference material. By recording the difference in 

temperature between the sample and reference materials, a differential 

temperature-time curve could be derived which would give sharper peaks 

and would be more sensitive to small temperature changes. Figure 2 is 

a differential temperature-time curve illustrating the same endothermic 

process as shown in Figure 1. 

(Figure 2) 
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It is obvious that there is a marked difference in the sharp

ness of the peak. This technique which Roberts-Austen suggested is still 

used today in Differential Thermal Analysis. However, the differential 

temperature may be plotted not only against time, but also as a function 

of the furnace or reference temperature. 

A peak due to an endothermic reaction, as the one above, is 

recorded below the baseline, showing that the temperature of the sample 

is less than that of the reference material. An exothermic peak is re

corded above the baseline. As long as the sample material is not under

going any physical or chemical change, a straight baseline, indicating 

no temperature difference between reference and sample, will be recorded. 

The resulting curve, called a thermogram, gives a record of the heat 

changes 'which the sample material undergoes upon heating at a constant 

rate over a specific temperature range. 

Early applications of Differential Thermal Analysis, abbrevi

ated DTA, were made in the study of clays, minerals and ceramics. Soil 

studies employing this new technique began in the early 1920's. It 

wasn't until 1929 that the use of Differential Thermal Analysis was 

applied to the field of chemistry. In that year, F.e. Kracek made a 

study of the polymorphism of sodium sulfate through the use of DTA.2 

Today thermograms of DTA can be used in the qualitative identi

fication of a substance, concentrations can be determined quantitatively, 

and the heats of reaction can be found from the area under the peaks. 

Further applications of DTA will be discussed in another section. 



4 

II. Instnunentation 

The instrument used in this study was The Fisher Model 260 

Differential Thermalyzer which is designed to automatically produce DTA 

thermogrcUlls of both organic and inorganic samples. The complete instru-

ment conBists of four basic units: (1) a furnace, (2) a temperature 

progrannnE~r, (3) a sample holder, and (4) a recorder. The furnace with 

this instrument can be used for heating the sample block up to a maximum 

o 
temperature of 1200 C. The furnace temperature is controlled by a pro-

grannner "lhich can be adjusted to heating rates of 5, 10, or 25
0

C per 

minute. The sample holder is a cylindrical Inconel metal block and is 

capable of handling two samples simultaneously. A recorder of one milli-

volt sensitivity produced by The Texas Instrument Company was used in 

conjunction with the Differential Thermalyzer. 

These four units of the instrument can be grouped into two 

major functional inter-related divisions: (1) the temperature control-

progrannning system, and (2) the measuring system. A simplified sche

matic diagram of these two divisions is shown on the following page. 3 

The progrannner itself is of course the key unit in the temper-

ature control-progrannning system. Included in this first functional 

division is the furnace with an Inconel sample holder and a platinum 

control thermocouple. The sample holder, with an insulated handle, fits 

conveniently into the top of the furnace. On the top of the sample block 

there are eight wells which hold eight quartz crucibles containing the 

reference material, senses the temperature of the sample block and trans-
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fers this information back to the temperature programmer. For example, 

if the temperature in the sample block was less than that temperature 

predetermined by the selected heating rate, the control thermocouple 

would feedback a voltage signal to the point of control input. The 

resulting error in voltage is then amplified and applied to a pair of 

Silicon-controlled Rectifiers which in turn trigger the heater and bring 

the furnace temperature up to its predetermined value. By this process, 

the furnace temperature is increased linearly at one of the three se

lected heating rates. 

The measuring system of the Differential Thermalyzer consists 

of two thermocouples, a zero suppressor, and a recorder. One thermo

couple is inserted into a crucible containing the reference material, 

and the other is inserted into a crucible containing the sample material. 

The two thermocouples are connected in a differential manner such that 

only a di.fference in temperature between the sample and reference materi

als is measured. The Fisher Differential Thermalyzer is capable of ana

lyzing two samples simultaneously; this feature, however, would require 

the use of an additional recorder, and was therefore not utilized in 

this study. The zero suppressor enables the operator to establish a line 

of zero output, or a baseline, on the recorder chart paper. When no 

temperature difference is measured between the sample and reference ma

terial, the recorder traces a straight baseline. When the sample under

goes a chemical or physical change which may either absorb or give off 

heat, the differential thermocouple signals this temperature difference 

to the recorder causing it to deviate from the baseline and trace out 

an appropriate endothermic or exothermic peak.
3 
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There are many types of commercial DTA apparatus available 

today which are manufactured in the United States and several foreign 

countries. As would be expected, there are a number of modifications 

to the basic design of the Fisher Differential Thermalyzer. However, 

the instruments are all similar in that they produce a record of A T, 

the temperature difference between the reference and sample, as a func

tion of furnace or reference temperature, or as a function of time at a 

constant heating rate. 
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III. Factors Which Affect Results 

Unlike many other physical methods of instrumental analysis 

such as infrared spectroscopy or x-ray diffraction, thermograms of 

Differential Thermal Analysis are not nearly as reproducible from one 

instrument or laboratory to another. This is, in all probability, the 

chief limitation of this technique. Factors which affect the results of 

DTA may be divided into two classes: (1) those caused by the instru-

mentation, and (2) those caused by the sample and reference materials. 

Instrumental factors include furnace atmosphere, size and 

shape o~= the furnace, the sample holder material, sample holder geome-

try, thermocouple wire and bead size, thermocouple placement, heating 

rate, speed and sensitivity of recording device. Factors which are de-

pendent upon the sample and reference materials include the amount of 

each used, the particle size of reference and sample, the packing density, 

heat capacity and thermal conductivity of both sample and reference ma-

teria1s:. crystallinity of sample, the effect of diluent in the sample, 

inertness of the reference material, and the preparation technique em

Lf 
p1oyed. 

The furnace atmosphere has a considerable effect on reactions 

which involve a change in weight due to the evolution or absorption of 

a gas. The effect is particularly noticeable if the furnace contains a 

partial pressure of that gas which is evolved during a reaction. "The 

initiation and course of dehydration reactions are influenced by the 

partial vapor pressure of water. The decomposition of carbonates is 
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influenced by the partial vapor pressure of carbon dioxide and the oxi-

dation reactions are influenced by the partial vapor pressure of oxygen 

5 
in the furnace atmosphere." An example of the effect of furnace atmos-

phere on DTA results is the decomposition of calcium carbonate. When 

o heated in air, CaG03 begins to decompose at about 650 C. As the reaction 

proceeds, the partial pressure of CO2 increases, and so does the rate of 

dissociation. When the furnace is filled with CO2 initially at a partial 

pressure equal to one atmosphere, the decomposition reaction does not 

o 
occur until the furnace has reached a temperature of 925 C. The effect 

of furnace atmosphere on the decomposition of a number of carbonate 

minerals showed that in every case, the peaks were shifted to higher 

6 
temperatures in a carbon dioxide atmosphere. Other furnace atmospheres 

which have been used in DTA studies include nitrogen gas, inert gas, and 

vacuum. It is recommended that either a dynamic atmosphere of inert gas 

or a vacuum be used in order to standardize DTA,5 and that a vacuum 

f ° f ° ° h f ° dO 7 urnace 1S necessary or quant1tat1ve eat-o -react10n stu 1es. 

In the study of inorganic hydrates discussed in Part V of this 

paper, no attempt was made to control furnace atmosphere. 

The n.ature of the furnace and sample holder affects DTA results 

in that different sizes, shapes, and materials for these two components 

have different heat capacities. 8 
A study by Pask and Warner concluded 

that the peak temperatures and the area under the peaks are directly re-

lated to the si.ze of the sample holder; both the peak temperature and 

peak area increase as the size of the sample holder increases. The effect 

of the sample holder material, whether ceramic or metallic, has been 
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9 10 
studied by Webb and MacKinzie. They found that peak temperatures 

were lower, and peak areas greater for ceramic holders. This fact was 

contributed to the ability of gases to diffuse more rapidly through the 

walls of a ceramic rather than metallic holder, thereby permitting the 

reaction. to come to completion sooner. Metallic holders have the dis-

advantage that many substances will react with the metal at elevated 

11 temperatures. The choice of furnace and sample holder will therefore 

depend upon the maximum temperature desired, and the reactivity of the 

samples to be analyzed. 

The type, size, and placement of thermocouples has perhaps a 

greater effect on DTA results than any other factor in the instrumenta-

tion. Thermocouples have been made from many different combinations of 

metals. The Fisher Differential Thermalyzer is supplied with three 

different types: (1) 
o Iron-Constantan, maximum temperature 350 C; 

(2) Chromel-Alumel, maximum temperature 850
o

C; and (3) Platinel, 

o 12 
maximum temperature 1200 C. 

The amount of heat lost through the wires of a thermocouple 

depends upon the wire and bead size, and the thermal conductivity of the 

material. A study by Boersmall has shown that the heat lost through 

thermocouple wires is quite large and has a considerable effect on DTA 

results. Peak shapes are also markedly affected by the reference point 

against 'which the differential temperature is measured. A comparison 

of results has been made in which the reference point was (a) the tem-

perature at the center of the reference material, (b) the temperature 

on the surface of the sample material, and (c) the temperature at the 
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center of the sample material. Peak temperatures varied more than 2Soe 

when these three reference points were used. The most accurate results 

were recorded when the center of the sample material was used as the 

reference point. The peak temperature occurred 200 e above the actual 

transition temperature when the differential temperature was plotted 

against the temperature at the center of the reference. 13 

The thermocouple junction should be inserted two-thirds of the 

way into the sample or reference material and must be centered. Improper 

placement: of the thermocouple may result in a hump in the baseline, base-

line drift, or flattened peaks. The following two thermograms illustrate 

the effect of off-centered thermocouples on DTA curves. 

(Figure 4) 
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In thermogram (a) the thermocouple was located 0.06 cm. from the center 

of the saD~le, and in (b) the thermocouple was 0.3 cm. from the center 

of the sample. 

Three rates of heating are available on the Fisher Differential 

Therma1yzer; 5, 10, or 25
0

C per minute. Heating rates as great as 800-

10000 C per minute have been used in the analysis of rocks, and rates as 

low as O.SoC per minute have been used in the DTA of low-melting sub-

1·4-stances. Therefore the heating rate selected depends on the sample 

being analyzed. Fast heating rates give larger, sharper peaks since 

more of the reaction is taking place in a given interval of time. The 

disadvantages of high heating rates are that peak temperatures are great-

er, and detail is sacrificed, sometimes resulting in complete overlap of 

peaks. \Hth slow rates of heating, the peaks appear at lower tempera-

tures but are broadened. More detail and differentiation between peaks 

is possible with lower heating rates, but small peaks may be lost due 

to the broadening effect. 

The materials used for sample and reference, their properties, 

and methods by which they are prepared all have a significant effect on 

DTA results. The mass of the sample and reference materials used should 

be very nearly the same, and is usually in the range of 50 to 300 mi11i-

grams. An excess of either sample or reference causes a noticeable 

differenee in heat capacities which results in baseline drift. There 

have bee,~ a number of studies on the effect of particle size and crysta1-

1inity 011. DTA. Obviously, the particle size and crystalline structure 

of both sample and reference will have a direct effect on their thermal 



conductivity and heat capacities. Norton
15 

concluded from his study 

that peak temperatures were not affected~ but the temperature at which 

o 
endothermic reactions were completed varied by as much as 60 C with 

particle size. Sample and reference density is determined largely by 

the packtng procedure. Light packing is reconnnended since it gives 

13 

better results~ due to better conductivity~ and is easier to reproduce. 

Reactions which are dependent upon the diffusion of gases~ in or out of 

the sample~ are the most affected by packing procedure. The most im-

portant restriction for reference materials is that it be inert. Some 

sources reconnnend the dilution of sample with reference material in 

order to produce nearly equivalent heat capacities and thermal conducti-

vity. Dilution of sample with reference material is also useful in that 

it prevents the fusion of the sample material to the thermocouple. This 

technique is effective as long as there is no reaction between sample 

and reference materials. 
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IV. Quantitative Aspects of Differential Thermal Analysis 

Any theoretical interpretation of the quantitative aspects of 

Differential Thermal Analysis involves the relationship of the area under 

a peak to the heat of reaction. Many studies have shown that there is, 

indeed, .a direct relationship between the heat of reaction, .d H, and the 

peak area. This relationship is expressed in the following equation: 

A 
1:::.H= 

Where A is the area under the curve, R is the rate of heating from 15 

o 
to 30 C per minute, and m and c are constants. 

Because there are so many parameters affecting results, the 

method of Differential Thermal Analysis is, at best, only an approxi-

mation and only semiquantitative results can be obtained. It is because 

of this uncertainty aspect of quantitative DTA that most studies in this 

field do not include a differential temperature scale on the vertical 

axis of thermograms. 

The thermogram in figure 5 illustrates a method of calibration 

which can be used for determining the differential temperature scale. 

The procedure involves measuring the differential temperature between 

the reference material alumina, which is heated in the furnace at 100C 

per minute, and an ice bath outside the furnace whose temperature is 

constant at OOC. An adapter was used which attenuated the signal to the 

recorder by a factor of fifty to one. 
o 0 

At 300 c, ~ T would equal 300 • 



o 7S ISO 

(Figure 5) 
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l6 

The distance from the calibration curve at 300°C to the baseline is 

° equivalent to a A T value of 6 C without the adapter. 

-------------------------------------
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v. Thennograms of Selected Inorganic Hydrates 

In this study, seven inorganic hydrates were analyzed on The 

Fisher Model 260 Differential Thermalyzer. Altunina, A1 203 , was used as 

the reference material throughout the entire study. A heating rate of 

100C per minute was found to be satisfactory for this group of hydrates. 

A Platinel thermocouple was used in the high temperature analysis of 

cupric sulfate pentahydrate, but the Chromel-Alumel thermocouple was 

used in each of the other analyses. 

The sample preparation consisted of grinding the sample to a 

particle size equivalent to the finely powdered reference material alumi

na. In all but the first two cases, the hydrate was diluted in a one-to

one ratio with altunina and packed tightly into the quartz crucible which 

was placed into a well in the top of the metallic sample block. The 

total sam,?le mass was approximately 200-300 milligrams. The junctions 

of the differential thermocouple were inserted two-thirds of the way in

to the reference and sample materials. 

Figures 6(a) and 6(b) are a thermogram of CuS04·SH20 heated to 

a maximum temperature of 1100oC. What appears to be an exothermic peak 

at approximately 7SoC is a htunp in the baseline probably due to a combi

nation of two factors: (1) the thermocouple in the sample or reference 

material may have been off-center. (The Fisher Instruction Manual warns 

the operator that an off-centered thermocouple may cause a hump in the 

baseline between SO-lOOoC.) Or (2) the heat capacity of the sample, 

0.3000 grams of undiluted cupric sulfate pentahydrate, was greater than 
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(Figure 6a) 
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that of the reference material and, as a result, its temperature lagged 

upon inttial heating. The first series of endothermic peaks ranging 

from approximately 100-300oC are a result of the complete dehydration of 

the cupric sulfate hydrate. As seen on the thermogram, the first endo-

thermic peak is a doublet containing two endotherms. The first peak in 

this doublet represents the cleavage of two of the waters of hydration. 

The second peak in the doublet corresponds to the vaporization of the 

released water molecules. The second large endotherm occurs at approxi

mately l45
0

C and is a result of the removal of two more water molecules 

from the copper sulfate crystalline structure. It should be noted that 

this endotherm is only a singlet. It is therefore assumed that the 

second tvlO water molecules are released as a gas rather than as a liquid 

which would immediately vaporize and form an additional endothermic peak. 

The last endotherm in the first series occurs at approximately 290
0

C and 

represents the removal of the last water molecule in the hydrate. Follow-

ing complete dehydration of the copper sulfate, the baseline resumes a 

fairly constant slope. 
o 

At about 825 C the thermogram again shows a de-

flection in the baseline in the form of a series of four endotherms 

o 
ranging from approximately 875-950 C. These endotherms are a result of 

the decomposition of the copper sulfate salt to cupric oxide and sulfur 

trioxide. The sulfur trioxide further decomposes to sulfur dioxide and 

oxygen gas. 

The changes which the cupric sulfate pentahydrate undergoes 

upon heati:ng can be stmnllarized in the following reactions: 

(1) Cuso,. ·5H ° 
<~ 2 

(2) 

o 
r-../ 100 C ___ ~) CUS04 ·3H20 + 2H20(1) 

l25
0

C) CuS04· 3H20 + 2H20(g) 
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0 

(3) CuS04· 3HZO 
,....., 145 C7 CuS04·H20 + 2H2O(g) 

(4) Cl.lS04· HZO rv Z90
o

C) CuS04 + H20 (g) 

(5) CuS04 ___ 88SoC) CuO + S03(g) 

0 

(6) S03 
/'-' 945 C) S02(g) + ~OZ(g) (; 

This step-wise dehydration of the copper sulfate hydrate can 

be partially explained on the basis of its molecular structure. The 

following diagrams illustrate the changes which occur in molecular struc-

ture during the three-step dehydration: 

H 
+ h7 - /H+ 
H.r- \ -H ' 0,- ' 

'C " H ',- ..... H---O -
u • U - 0 +- "-5 .... 0 
n" - ... u ' 'H + o· '-0" <1 " - - - 0 .... '0 
H / \ H-t-

++ - .... 14---l'l'" 0 
C,U - - - 0 + 's 

'\0\ ---0 '0 

++ _ ....... - - - ~="o 
Cu ---0 + s + Z HI..0 

... H---cf '0 

It is logical that the two water molecules which are held only by the 

cupric ion would be the most easily released. The second dehydration 

step releases the middle two water molecules which are attached to the 

cupric ion. This particular step is understandable in that the cupric 

ion cannot hold two water molecules to the crystal lattice as securely 

as the sulfate ion can hold just one water molecule. The final molecule 

o 
of water of hydration is not released until about 290 C. Since this 
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lost water molecule is held electrostatically between both the cupric 

and sulfate ions, it seems reasonable that it remains in the crystal 

until the higher temperature. 

The baseline in Figure 6 is obviously sloped down, toward the 

endothermic side of the initially established line of zero output. This 

is caused by a greater heat capacity in the sample as opposed to refer-

ence, the'reby causing the temperature in the sample crucible to continu-

ally lag behind the temperature in the reference crucible. This con-

dition could be alleviated by decreasing the sample mass and, consequent-

ly, lowering the total heat capacity of the sample. Figure 7 is another 

thermograln of CuS04 ·5H
2

0 in which the sample mass has been decreased to 

0.2250 grams. As might be expected, both the hump in the baseline 

a 
around 75 and the downward slope have been eliminated by decreasing 

sample size. The flat baseline is indicative of equivalent heat capaci-

ties of reference and sample materials. A flat baseline, such as illus-

trated in Figure 7, is a necessity for any type of quantitative DTA, 

since it is difficult to determine the area under the peak when the base-

line is sloped as in Figure 6. 

Another thermogram of cupric sulfate pentahydrate is shown in 

Figure 8 in which the sample material consisted of a one-to-one homogene-

ous mixture of CuS04 ·5H20 and alumina. Since the total sample mass is 

0.2330 gr.~s in this analysis, the actual weight of CuS04·5H20 is only 

0.1165 grams. With a considerably less amount of CuS04·5H20 present, 

one would expect that much less energy would need to be absorbed to de-

hydrate the sample. The peak heights in Figure 8 bear out these expec-
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(Figure 7) 
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tations. A comparison of the thermograms in Figure 6 and Figure 8 illu

strates the semiquantitative results that can be obtained with the Fisher 

Differenti.al Thermalyzer. Using peak heights rather than areas as an in

dication of heat of reaction, we can compare Figures 6 and 8 whose ratio 

of hydrate masses is approximately three to one. The heights of the 

first three endothermic peaks in Figure 6 are approximately 4, 7.5, and 

8 inches, respectively. The corresponding three peaks in Figure 8 have 

heights 0:[ 1, 2.5, and 2.5 inches, respectively. Although the raio of 

peak heights is not exactly equivalent to the ratio of hydrate masses, 

the two aJ:e at least positively related. 

By using a considerably smaller amount of CuS04 ·SH20 for the 

analysis shown in Figure 8, one would expect greater detail and better 

peak resolution on the thermogram. It should be noticed that when the 

smaller amount of hydrate was analyzed, the second large endotherm was 

recorded as a doublet. This is perhaps a Significant detail, since it 

suggests that two endothermic reactions instead of one occur upon the 

release of the second two waters of hydration. One could assume from 

the appearance of the doublet that the second two water molecules are 

released in the liquid phase, and then, instantaneously vaporized. 

This assumption is however purely a speculation on the part of the ana

lyst, and it is recognized that the doublet could possibly be due to a 

number of other factors. 

The baseline in the higher temperature range in Figure 8 is 

sloped toward the exothermic side of the thermogram. This is probably 

an additional effect of lowering the amount of hydrate in the sample. 



A study of the thermal dehydration of MgS04 °7H20 by LoGo Berg and MoTo 

Saibova19 concluded that the thermograms exhibited seven endothermic 

effects as represented in the following reactions: 

(1) MgS0
4 

·7H
Z

O 55-58°C 
) MgS04° 6HZO + HZo(l) 

(Z) MgS04° 6HZO 85-95
0

C ) MgS04 °4HZO + ZH200 ) 

(3) 3H2O(l) lOS-110°C) 3HZO(g) 

(4) MgS0
4

04H
Z

O 1Z0-lZ50C ) MgS04 °3HZO + HZO(g) 

(5) MgS0
4

03H
Z

O 135-145
0

C ) MgS04· ZHZO + H2O(g) 

° (6) MgS0
4

·ZH
Z

O 185-195 C) MgS04 ° HZO + H2O (g) 

(7) MgSO °H ° 4 Z 
320-340

0
C ) MgS04 + H20 (g) 

26 

These results were confirmed by the simultaneous analysis of gases formed, 

and by separate thermograms of each hydrate. A thermogram of MgS04°7H20 

is shown in Figure 90 The thermograms of MgS04 °7HZO in this study showed 

° strong endotherms at 75, 90, 110, and 150 Co A series of three small 

endotherms between 175 and Z100C was also obtained. Any peaks above ZOOoC 

are so faint as to be indistinguishable from normal baseline scatter ex

° cept what appears to be an exothermic peak around 400 C. 

Since the Berg, Saibova study was originally published in a 

foreign journal it was not available for a comparison of experimental 

procedure and derived data. Consequently, it is impossible to say with 

certainty what factors may have produced the differences in resu1tso 

It is not, however, improbable for such differences in data to be re-

corded on different instruments, and with different sample and reference 

preparation techniques. 
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(Figure 9) 

So.Mp\e: \~\ tv\g 5°4.1 HI.Q - A\vrY\·,no.. 

So..m.?\e. Weight: 0.2414.3' 

Hea.:tinq RCl.te: \Coc. /t'Y\\nvte 

Chart Speed: 8 inches /hour 

o 75 150 'i' D c.. %.2.5 
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The thermogram of CaS0
4

·2H
2
0, Figure 10, shows an endotherm 

at 7SoC, and what appears to be another overlapped endothermic peak from 

o 
110-120 C. These two endothermic effects correspond to the complete de-

hydration of the hydrate. According to Schedling and Wein
20 

the dehy-

dration of calcium sulfate dehydrate can be shown in two steps: 

(1) 

(2) CaSO ·kH ° 4 2 2 

) 

) 

The anhydrous calcium sulfate formed in the second step of the dehy

dration is water-soluble. The sharp exothermic peak near lSOoC, ac-

21 
cording to Fleck and Jones ,is due to the structural change in going 

from the water-soluble anhydride to an insoluble anhydride. 

A thermogram for a fourth sulfate hydrate, ZnS0
4

·7H
2
0, is 

shown in Figure 11. Endothermic effects seem to be very similar to those 

for the magnesium sulfate hydrate, as would be expected since they have 

similar structures. The strong endothermic peaks appear at 7S, 82, 112, 

o . 
and lSO C wh1ch corresponds very favorably with the first few endotherms 

22 
G.A. Evalanov conducted a study in 1963 on the thermal dis-

sociation of NiC1
2

·6H20 and found four endothermic effects corresponding 

to the following four reactions: 

(1) 

o 
(2) l2S C) NiCl ·2H 0+ 4H ° 

2 2 2 (g) 
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(Figure 10) 

Sa.vY\p\e.: \:\ Co.504·2.H~O - All.lrn·\~o.. 

Sa.mp\e. Wei.9ht: o. l~7 4 S. 

t-Je.o..til'l9 Rcde.: lC°c../tv\\'f'\v-\::e. 

Char--\: Spee d: 8 i~c~Q.c:. /nour 

o is 150 .u.s 300 
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(Figure 11) 

'50 
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These results compare rather favorably with the thermogram of NiC1
2

·6H
2

0 

shown in Figure 12 in which the peak temperatures are 82, 95, 105, 125, 

165, and 200
o

C. Again, the original publication of Evlanov's work appear-

ed in a :coreign journal and was not available for comparison as to the 

details of the study. It is interesting to note that on the thermogram 

in Figure 12 the baseline deflection for the first endotherm begins near 

o . 
50 C wh~eh corresponds very well with Evlanov's data. The two extra 

o 
peaks at 95 and 105 C may be due to the formation of a dihydrate and the 

vaporization of the two molecules of water. 

Peak temperatures for the thermogram of Ni(N03)2·6H20 shown in 

Figure 13 do not agree at all with transition temperatures obtained by 

Joffrey and Rodier 23 of 150, 169, 206, 242, and 263
0

C. Their study was 

conducted in Paris in 1955, and instrumental factors and sample and 

reference preparation techniques must have differed markedly from those 

used in this study. Peak temperatures on Figure 13 occur at 60, 75, and 

l35
0

C. A number of indistinguishable curves occur in the temperature 

o 0 
range from 175-300 C and an exothermic peak occurs around 365 C. The 

exothermic peak may be due to a change in crystalline structure, however, 

very little information on this hydrate was found in the literature. 

The thermogram for barium chloride dihydrate is shown in Figure 

14. ThE. thermogram is characterized by a continuous endotherm ranging 

from 75 to l50
0

C with three major peaks occurring at 75, 120, and l50oC. 

-------------------------------------------------
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(Figure 12) 
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(Figure 13) 
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(Figure 14) 
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The endotherms seem to indicate the step-wise dehydration of the dihy-

drate, probably going through the monohydrate state as suggested by Hans 

24 0 
J. Borchardt ,who reports transition temperatures of 87 and 150 C for 

BaC1
2

·2H
2
0, but does not state conclusively that the monohydrate was 

formed as an intermediate in the dehydration. 



VI. Applications of Differential Thermal Analysis 

In addition to the use of DTA as a means of studying dehy-

dration reactions, Differential Thermal Analysis has a number of other 

applications in the field of chemistry. 

DTA can be used as a means for determining reaction rates and 

reaction orders. The order of a reaction can be determined from the 

shape of the curve peaks. It can be generally stated that the symmetry 

of a peak increases as the order of the reaction increases. A "shape 

25 
index", defined as the absolute value of the ratio of the slopes of 

the tangE:nts to the curve at the inflection points, is used to quanti-

tatively describe peak shapes. 

Shape Index S 

Where a and b are the slopes of the tangents to the curve at the in-

flection point. The order of the reaction, n, is related to the "shape 

index" by the following equation: 

k 
n = 1.26 S2 

26 
Borchardt gives a simplified expression describing the re-

action rate. 

where n = the number of moles present at any instant 

no = initial number of moles present 

---------------------------------------
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t = time 

A = area under the curve 

Similar studies have been undertaken in which activation energy has been 

computed by DTA. 

Further applications of DTA include catalysis studies, solid

state reactions, decomposition reactions, phase studies, crystalline 

changes, thermally induced changes in polymers, effects of radiation on 

materials, and the study of clays, minerals, and soils. Some of the 

obvious uses of DTA would be as a qualitative means for compound identi

fication, melting, boiling, and sublimation temperatures, and as a means 

of comparing the stability of compounds. 
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