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A differential thermal analysis (DTA) system containirg a microcomputer is 

discussed_ The microcomputer performs instrument control, data collection, data 
processing, and x-y pIotting of the data_ The introduction of a low-cost micro- 

computer and plotter to a DTA system can add a new dimension to this technique. 

A true interaction between the system and the microcomputer can resuh not only in 

convenience of data reduction, but also in some areas, a sig$ficant improvement in 

the quality of the data collected. 

Although the system described here is based on DTA, it can easiIy and con- 

veniently be applied to other therma! anaIysis techniques as weI1. For DTA, it can be 

used to integrate the curve peak areas directly in calories. To compare the AH vaIues 

for various reactions at different temperatures, the constant sensitivity mode can be 
employed. 

The rather heavy demands on the thermal analysis investigator for more types 
of data, better data, and faster response on the data requested have increased yearIy_ 
In an attempt to be responsive to these demands, the investigator simply increases th: 
human effort to meet the demand. Either fortunately, or unfortunately dependicg on 
one’s perspective, this demand soon begins to exceed the capacity of the human 
effort available at this point, and the investigator begins to search for other solutions 

to the problem. In many cases, one solution lies in the area of turning much of the 

redundant work over to a di@taI computer or controIIer. Only ten years ago, this 

solution was available oniy to the most demanding situation where the data pro- 

cessing problems were virtualiy insoIuabIe and the investigator had access to a rather 

large suppIy of funds, not only for the purchase or lease of equipment, but a contin- 
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uins source of revenue for data processing personrel and the upkeep on the system. 
As a consequence_ the nature of the thermal analysis technique, along with the 
comparative simplicity of data reduction relegated the computer controlled therma! 
analys% system to the category of a laboratory novelty rather than a viable system. 

The availability 05 the microcomputer or programmable calculator is a rather 
ideal solution for the thermal analyst who requires a processor of sufficient capacity 
to meet his nruds, and yet has limited funds. The simplicity of operation and pro- 
gramming obr-iatti the need of onsite data processing personnel, since the system can 
now be operated and maintained by rather low skilled personnel_ Another attractive 
fature of the microcomputer is that it can be taken off-line from the thermal analysis 
system at any time and be made available for other instruments or data processing 
problems_ Transfer of the system from instrument to instrument to data processing 
problem and back is a matter of altering software codes and requires no more than 
xhe time it takes to load a program, which is a matter of seconds_ 

The DT.4 system dexribcd here is based on a HewIctt-Packard Model 9810 
IProgrammable Calculator_ It performs instrument controf, data collection and 
process& and x-y plotting of the data_ Althou& the system at the present can only 
be used for difTerentia1 thermal analysis, it has the capacity for use with thermo- 
mavimetry, heat capacity measurements, dilatometry, evolved gas detection, and .z 
other thermal anaI_vsis tcchniqucs. 

A block diagam of the differential thermal analysis system is shown in Fig I. 

Fig. 1. Block diagram of DTA-computer system. 
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The caIcuIator portion of the system includes a calculator with a math ROM, a 

periphera1 ROM, a plotter-printer alpha ROM, a printer, an executive memory 
package, a processor package, an I/O buss, a digital plotter, and an interface of BCD 

decoding of inpu: and output information_ It operates either as a stand-alone unit or 
as a controher-data processor part of the thermal analysis system. It is fuily pro- 

grammable; its memory enables both program steps and data to be stored and 

manipulated. The memory can store up to 500 program steps with up to 51 data 
numbers per step. Programming is simple because the various keyboard operations 

become the pro_9_rammed instructions; as a consequence, no special language need be 

learned. Programming features include separate data and program memories, 
conditiomd and unconditional branching, direct and indirect data storage, register 
arithmetic, relocatable programs, subroutines and the ability to automatically load 

magnetic cards containing either prosram steps or data 
Due to the rather limited memory, extensive use is made of read-on!l--r?Ienror3 

modules, ROM_ A ROM is a cluster of back rever_ced diodes which are selectively 
burned out in such a manner so as to output a given sequence code, (ASCII code in 

this case). In this manner, many operations can be executed with a single instruction 

rather than four or five instructions that wouId be necessary to accomplish the 
functions without the ROM. In other words, selected repetitive functions are hand 
wired into the system rather than executed through the use of software. 

The folIowing is a description of the various ROM’s used in the system. 

The temperacure read-only memoq 
The ROM has stored in it a plot of temperature versus EMF (microvoi:s) for 

various types of thermocouples. In this case: Chromel-Alumel thermocouples were 

used. The nonlinearity of Chromel-AIumeI thermocouples at higher temperatures has 
been we11 documented. Since the curve is nonIinear it is necessary to store a refere.rce 
table so that the caiculator can have access to the exact temperature. If this infor- 
mation were stored in main memory, it alone would use up al1 of the locations. The 

ROM sinpIy suppiies the BCD output to the caIcu!ator, thus presenting the tempera- 
ture in the x-register with a singIe instruction_ 

The prinrer alpha read-only memory 

This ROM enables the printer and the plotter to print alphabetic characters 
and messages and to insert mnemonics into program listings. In this way, alpha 

characters can be printed on the printer or the plotter with a single instruction. 

The mathematics of the read-only memoq 
This ROM adds twenty six mathematical functions and additional program- 

ming features to the calculator_ These include Iogarithms, exponential functions, 

trigonometric functicn (in degrees, radians, or grads), coordinate transformations, 

vector arithmetic, manipuIation of complex numbers, automatic scaling for x-y 
plotting, and a user definable function_ 



The calculator uses tive working resjsters: 

I_ The x-re&rer--- AI1 data input from peripherals enter the calculator through 

the s-resister. 
2_ The y-register--The results of mathematical operations accumulate in the 

y-resjster. 
3_ The z-resister-Xumbers can be temporarily held while arithmetic opera- 

tions are bein? performed in the x-resster and y-resister_ 
4_ The a-re@ster-The a-rc&cr is a temporary storage resister much like the 

z-register. 
5_ The b-re3ster--The b-register is a temporary storage resister much !ike the 

.z-register_ 

The z-register is used for serial transfers from the x-registers to the y-register- 
Data must always be transferred through the y-resjster. The a- and b-registers can bc 
operated with parallel transfers from the x-register and the y-register_ 

D T.. appararus 
The DTA apparatus consists of the Deltatherm IIIB_ which is illustrated in 

Fia =_ 2 It is a prototype system designed from the start with the idea of being capable 
of being interfaced with a digital processing system_ As a consequence, the AT and T 

outputs are avaiIable in digital format. either BCD or binary, with the anaIog sigals 
available at various test points_ The ATamplifier receives its anaIog signal from the 
differential thermocouples, amplifies the signal, and gates the signal into a IO-bit 
anaio~-to-digital converter_ From this point on, the data is sated into the calculator 
at a rate of IO readings per second. The software kscales” this ATvaIue and finds an 
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av-erage v-alue for piottin, u once each six seconds. This means that as far as AT is 

concerned, each point plotted is in reality an average of 60 measurements. This has 
significant advantages from a statistical point of view as well as a diminution of the 
time constant problems so inherent in this type of analysis. 

The temperature pro_crammer c;perates on a stepper-driver arraqement; the 
furnace heating rate is driven by a pulse train, either from a built-in oscillator or from 
the cakulator pulse output. This arrangement allows the calculator to have super- 

visory control over the heating rate while the temperature programmer itseIf 

maintains the short term temperature programmed changes. This feature would ahow , 
software controlled “slowing” of the temperature just prior to the data coilection 

temperature range, then returning the heating rate duties to the te‘nperature pro- 

grammer for incrementing the temperature at the standard scanning rate_ Subroutines 
in the software are such that the heating rate is checked each 10 degrees. Should the 

heating rate fall out of tolerance, an indication is output on the printer. This feature 

woutd be of great use in an automated thermal anaIysis system with an automatic 

sample changer. It should be noted that there is a rather basic difference between the 

temperature axis on this system and conventional DTA system. In most DTA 

systems. the recorder chart drive is driven by a synchronous motor moving that axis 

at a selected rate of spezi. By design, this rate of speed is coincident with, or is some 

coincident multiple of the heating rate. Thus, one unit of length on this axis is 

equivalent to some span of temperature. In this system, the temperature is measured 

and plotted each time with the complimentin, w AT measurements on the coordinate 

axis of the chart. 

The sofircare 

The foIlowing software has been developed to use with the system_ 

a. DTA x-axis generation routine. This program causes the pIotter to plot the 

x-axis for differential therma anaiysis. It can easily be modified to plot variatiorrs on 

this axis in any parameters needed. The convenience of plotting the x-axis for different 

types of DTA experiments is easily seen 

b. Routine for caIcuIatio;t of AT sensitivity as a function of temperature. This 

routine measures the number of mihicalories needed for each I square mi!Iimeter of 

peak area between the two temperature limits. Constants needed for this program 

are temperature limits, heat of transition of the sample, samp!e mass, and sample mass 

of one mole. Program outputs on printer the number of miIIicaIories per square 
miIIimeter and the constants entered. 

c. Program for plotting the data points found il. (b) asa function of tempera- 

ture. This program plots the millicalories per square miIIimeter (see Fig. 4). Constants 

needed are: various data points with appropriate transition temperatures_ 

d. Program for data fetch from thermzI analysis system, sensitivity correction 

as a function of temperature, and plot of AT as a function of temperature. Various 

constants are used. 

e. Program for caIcuIation of AH between two temperature Iimits. This 
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prog.ram inte_mtes the thermal transition betvseen the two temperature limits and 

adjusts for constant sensitivity; it also calculates the AN value after passing the 
second limit and outputs AH on the printer_ Constants needed are as fohows: sampfe 

mass, mass of one mols of sample. temperature limits, and constant sensitivity curve. 

f_ Programs for manipulation of AT baseline level_ The convcntionai method 

for presentation of the plot of AT as a function of temperature is with zero AT at or 

near the central axis of the chart with endothermic peaks going in one direction and 

exothermic peaks eoing in the opposite direction_ -4s a consequence, at a given 

sensitivity-. half of the span of the chart is ahocated to endothermic transitions, and 

haif of the span to exothermic transitions. With digital plotting techniques, this mode 

of plottins is still available to the in\-esti_gator, alon, 0 with at least two others, such as: 

1) If the baseline or zero AT is located at either the bottom or top of the chart, 

the futl spsn of the amplification system and recorder are available_ if the ATdata are 

plotted without regard for- polarity, the series of peaks wouid al! be in the same 

dlirccrion. With this mode, the system has the ability to discriminate between endo- 
thermic and exothermic peaks and also twice the dynamic range of the system has been 

gGned_ it is possibIe to discriminate between the two ty-pes of peaks, by allocating 
solid-iine curves to one and point plottins to the other. 

2) Operation in the mode that would allow log plots on the AT axis, which is 

not present& possibIe; this pro_gam is currently being developed_ 

APPLKATIOS 9F THE DTA SYSTE!! 

Consrant sensitirit-y diflerential zherrnai anal’sis 

It has Ions been known in DTA that an increase in temperature results in a 

diminution in the AT sensiti\-ity_ The change in the sensitivity precludes the direct 

correlation of AH values at different temperatures on the same curve_ Thus, it is not 

possible to make quaiitatise or quantitative predictions on the heat of transition or 

reaction. Williams and Wendlandt ’ have described a simple, constant sensitivity DTA 

system for use below 300 ‘C. Their approach was to use an analog, y = mx i b, device 

to alter the AT ampiifier sin as a function of temperature. Unfortunately, such a 

system fails H-hen applied to a nonlinear situation. The introduction of a micro- 
computer provides a convenient solution to the problem of nonlinearity of the AT 

sensitiv-it>-_ The foIlowin,o demonstrates the calibration procedure and other detaiIs of 
the sy-stem. 

~nsPzimenC calibraZion 

The AT sensitivity as a function of temperature was determined by measuring 

the area under a transition peak for various materials of known AH values. These 

materials covered the temperature range from 125 ‘C to 960 ‘C, which is a convenient 

ranse for most DTA studies_ The AI sensitivity was expressed in calories per square 
miiiimeter. 

A typical DT..4 curve, using the printer output from program (b), is shown in 
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Fig. 3. The sample is indium metal and the curve represents the fusion transition. In 

the center of the figure, data pertaining to the computer pro&mm are given. Similar 
data for the other compounds used are given in Table I _ The key to the data is found in 

Fig. 3. 
, 

Fig_ 3. DTA an-e of indmm and tho pertinent program data. AT= 0.5; heating rate = IO’Cimin; 
sample weight = 41. mg; reference used = AlzOp ; reference weight = 35 mg. 

- The AT sensitivity curve obtained for the DTA apparatus is shown in Fig. 4. It 

is of inetrest to note that the sensitivity is about 0.1 as great at 1000°C as that at 25°C. 
The AZ-sensitivity given in most DTA curves in the literature is that measured at 25°C. 

A DTA curve peak for a transition of equai AH would have an area ten times Iarger at 

25°C than at 1000°C; this type of a display can, at times, be quite misleading. From 

the measured AT sensitivity curve, a corrected curve can be constructed which 

displays a constant AT sensitivity throughout the temperature range of interest. 

Introduction of the constant sensitivity correction into the microcomputer 

program can be accomplished in at least three ways: 

a_ The expression can be se_emented into a number of y = mx f b expressions. 

When ATand Tare read into the x-register the subroutine can look at the temperature, 
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TABLE I 

DTA DATA FOR OTHER CALIBRATION COMPOUNDS 

Kq h Fip 3_ 

Porassium &rare 

5 C:min 

riT= i-0 

cd mzE-‘=0.7007 

Tin 

IO ‘C min 

AT= 1_0 

4 mm- 2 =0_939 

Potassium perchlorare 

5 ‘C:min 

cd mm-‘= 1.121 

0.707 
005 = Ioooo_m 

006 = 1450m3_ooo 

1003 = 41201 

*020 = 0.074 

1021 = lOI_ 10 

1022 = 29_ooo 

023 = 13oo.om 

024 = 555.321 

0.939 

005=21000.000 

006 = 26OoO.om 

OOS= 0.000 

020 = 0.074 

011 = 11s.700 
OE:! 5’_000 

023 = 17’0.000 

02-t = II I.781 

I.121 
005 = 34300.000 

006 = 343oO.ooo 

008= 50-938 

020 = 0.074 

0’1 = 138.560 

ox= 71.500 

023 = 3290.000 

0’4 = 695.351 

Siker Potas5iunr suifare 
/O ’ C fmin 5 Cimin 

AT=OZ AT = I.3 

cd mm-‘= 1.312 cd mm-- - = IO.51 1 ~31 mm- 2 = 3.361 

1.3- - 
005 = 25om~ooo 

006 = 2oooo.ooo 

lXk3= 0300 
020 = O-074 

1321 = 2Oi.Z i0 
022= 96SlW 
023 = : 1amoo 

1124 = 214.800 

IO.311 
005 = 93Oc!O_GoO 

006 = 97%O_ooO 

OOs= I I.565 

020 = 0.07-l 

021 = 107.880 
022 = 130.000 

023 = 2855.ooo 

02-t = 194.322 

3.361 
005 = 55500.000 

006=61600.000 

OOS= 10.416 

020 = 0.074 

02l= 1 W.2iO 
OE= 39200 
023 = 1940.000 

024 = 129.830 

Alumizium 

10 - C.‘min 

AT=O.5 

czl mm-’ = 3.611 

Barikm carbonate z-$ 

IO’Cjmin 

AT=OJ 

Cal mm-* = X350 

~34 
Ml5 = 3soo.m 

w6 = 45OOo.m 

MIS= 49JdI 

WO= 0.074 

021 = 65.380 
uz?= 4-GoO 

023 = 1765.OW 

otJ= i91.820 

3-61 I 

005 = 6OooO.oca 

006 = 7moO.ow 

OOS= 3 I.476 

EO= O-074 

021 = 26.900 

072 = 25.000 

023 = 2570.000 

02-S = 8022 13 

5.850 
005 = 78ooo.cKx3 
006 = 83ooo.ooo 
cm= 13-910 
020 = 0.074 

02i = 197.300 
022 = 47.000 

023 = 3550.000 

014 = 189216 
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then decide which y = ms i b expression is indicated, solve that expression for AT 
correction factor and correct the AT value. This corrected L-- T vaiue is then plotted 
with the temperature as a data point on the constant sensitivity DTA curve. The 
disadvantage of this approach is that it requires a large amount of memory space to get 
enou_ch se-ments for a true fit to the curve. This was the method that was used here. 

b_ A better method would be to itrite a nonlinear expression for the curve. At 
present. this seems to be a quadratic expression_ This technique, although more 
dZicuIt to accomplish. requires only six memory locations and approximateIy five 
program steps, hence would be an ideal approach. 

c. Perhaps the best method wculd be the incorporation of a table consisting of 

a data point for each degree of temperature in the range considered. For the tempera- 
ture range between c! and IcoOfC, this would require one thousand data points to be 

stored. Tf the data points were stored in the active memory, it foilows that ICKY active 
memory locations would be required. This far exceeds the capacity of the computer 

system. and as a consequence is not possible. A possible solution to this problem 
wo-rid lie in the use of a ROM which has been explained earlier in this paper. In this 
rr.anner, an exact fit to the sensitivity curve can be obtained which would use a 
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mkimum active memory and instructions. Prior to implementiq the R0.M table, the 
e_xact cume must be specific for the system. This is n ecessary because whi!e ROM’s 
are rehtiveiy inexpensive when compared to memory, the first ROM is expensive to 
configure. 

Concersion of AT rahes to calories 

With the intro&c&on of the sensitivity correction factor to accomplish constant 

sensitkity throua the temperature range, the AI values must now be related to QH 
4ues (or caiorics per mole or calories per unit volume). This step involves developing 
a rciationship between the area under the curve to calories which is linear. The factor, 
O-074, which is stored in memory location number 020 (see Fig. 3) is the slope of this 
Iin= relationship. As a result, the inte_ation between the two temperature limits can 
be converted to caiories per moIe. A slin_ht modification of the pro_gam aliows data 
presentation in other formats. 

Applicafion of AT consranf sensi?iirify system 

Since the AT sensitivity correction is greatest at higher temperatures, the 
system chosen to ilIustratr this approach was the z+fi and &;I transitions in 
barium carbonate_ The uncorrected DTA curve for these transitions is given in Fig. 5. 
As can be see’n? the r+/? transition occurs at 506’C whiIe the /3+y transition takes 
place abou; 965’C_ 

The ATconstar;t sensitivity DTA curve is illustrated in Fig_ 6. The sampk is the 
same one as was used in obtaining the uncorrected DTA curve but the curve W;IS 

Fig. 5_ Uncomrtcd DTA curve for B&O3 shouing the I++ transition. AT= 0.2; heating rate = 
1O’C:inin; sample wright = 47 mg; refercxe used = iu103 ; reference w-eight = 30 mg. 



Fig. 6. The AT constant sensit%:y DTA curve for B&O3 showing the j3 to 7 transition. AT= 0.5; 
heating rate = 10”CkA; sample weight = 47 mg; reference used = A1203 ; reference weight = 30 mg. 

corrected using program (e). This program introduces both the constant sensitivity 
parameter and tfe calculation of AH values between two temperature limits. With 

the introduction of the constant sensitivity factor, the correc:ion increases the 

measured AT by a factor of approximately ten. As a consequence, the AT amplifier 
sensitivity was adjusted from a setting of 0.2 microvofts per inch for the uncorrected 
curve, to a setting of 0.5 microvolts per inch for the constant sensitivity curve. This 

chanse of amplifier gain is a factor of 2.5 and not the factor of ten anticipated by the 
introduction of the constant sensitivity program. As expected, the transition is 

considerabIy Iarger than the similar transition in Fig. 4. To test the AH cakulation 

subroutine and the constant sensitivity subroutine in the program, the heat of transi- 

tion for the Q-+7 transition was cakulated. The value found was 747 cal mole-’ 
which is in reasonable agreement with the value of 730 cal mole- ’ previously 
reported_ 
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