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ABSTRACT

A versatile digital data acquisition system has been interfaced with a Netzsch high
temperature thermal analysis system. The system hardware consists of a commercially
available data logger, a microcomputer, and the thermal analysis equipment. The utility of the
system was demonstrated by studying the kinetics of decomposition of a fiberglass-filled
acrylonitrile-butadiene (AB) copolymer. Experimental thermogravimetric data were obtained
at four heating rates for both the initial pyrolysis reactions below 1000°C and the high
temperature carbon-silica reactions above 1000°C. From these data the kinetic parameters
for both reaction regions were calculated using a multiple heating rate technique proposed by
Friedman. The results obtained using the data acquisition system were satisfactory.

INTRODUCTION

Most manufacturers of thermal analysis instrumentation market either
chart recorders or digital data acquisition systems for use with their equip-
ment. The primary drawback of the chart recorders is the inordinate amount
of time required to process the experimental data. In contrast, the digital
data acquisition systems are fast and reliable. These systems are generally of
high quality and function quite well with the equipment for which they were
designed. They are, however, quite expensive and, in many cases, their use is
limited to the manufacturer’s equipment. Additionally, the software required
to process the data of interest is usually available only through the manufac-
turer and is also quite expensive.

The purpose of this paper is to describe an extremely versatile digital data
acquisition system for use with any type of thermal analysis equipment.
Because of its versatility, the system may also be used for any number of
general laboratory functions. The data acquisition system contains standard,
commercially available, components, consisting of a data logger interfaced
with a microcomputer with peripheral units. The system monitors the analog
millivolt signals from the thermal analysis system, digitizes them at specified
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time increments, converts the data into physically significant quantities, and
outputs the data to the desired peripheral unit. Manipulation and storage of
the data are accomplished using two separate computer programs.

THERMAL ANALYSIS SYSTEM

The thermal analysis system consists of a Netzsch Model 409 /6 simulta-
neous thermal analyzer (STA) and a Netzsch Model 402 ES /3, low load, ball
bearing dilatometer. In addition to operating as an STA, the 409 /6 can be
operated either as a thermogravimetric analyzer (TGA) or as a differential
thermal analyzer (DTA). The STA and dilatometer units are capable of
operation to 1750 and 1600°C, respectively. Temperature control of both the
units is provided by a Netzsch Model 413 programmer and Model 413
controller. The control system also contains several amplifiers which are
utilized by both units. The analog output voltage from the control unit
corresponds to temperature, weight loss, rate of weight loss and differential
temperature for the STA, and temperature, length change and rate of length
change for the dilatometer.

DATA ACQUISITION SYSTEM
Hardware

The data aquisition system consists of several pieces of general purpose
laboratory equipment. The system digitizes the appropriate analog data from
the Netzsch thermal analysis system at specified intervals of time using a
Monitor Labs model 9302, 40 channel data logger. The data logger transmits
the digitized data to an Apple II Plus microcomputer, via a standard
RS-232-C connector and an Apple serial interface card. The data is then
processed by the microcomputer and output to one or more of the peripheral
units, which consist of a floppy disk drive, printer and a model DMP29
Houston Instruments plotter. The peripheral units are linked to the Apple by
standard serial and parallel interface connections. The schematic of the
thermal analysis equipment and data acquisition system is shown in Fig. 1.

Software

Three separate computer programs are utilized by the data acquisition
system. These consist of a data acquisition program, an STA conversion
program, and a dilatometer conversion program. The STA program treats
STA, TGA, or DTA data depending on the mode of operation of the STA
unit. Only the data acquisition and STA conversion programs will be
discussed here.
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Fig. 1. Hardware schematic for thermal analysis equipment and data acquisition system.

The data acquisition program performs three distinct functions. These are
the acquisition of the data from the data logger, conversion to numerical
quantities from character form, and storage and printing of the converted
data. The data acquisition is performed with the help of two subroutines
which retrieve the data from the data logger in character form. These
routines are supplied with the data logger and are presented in the Monitor
Labs 9302 /Apple microcomputer support manual [1]. The conversion to
numerical values is accomplished by software which evaluates predetermined
bytes of the input character. The conversion portion of the program also
displays the characters on the monitor along with the elapsed time of the
experiment. When the designated number of iterations has been performed,
the data is stored in a random access file and a hard copy of the raw data is
printed.

The STA program converts the raw millivolt data into physically signifi-
cant quantities and interpolates to even increments of the fraction of weight
remaining. The program first reads the experimental millivolt data and the
thermocouple conversion data from their respective files. The thermocouple
conversion file contains millivolt vs. temperature data at 10°C intervals from
0 to 1820°C for platinum-6% rhodium vs. platinum-30% rhodium thermo-
couples. The millivolt data representing the temperature and differential
temperature are converted to actual temperature and differential tempera-
ture by a linear interpolation between these thermocouple conversion data
points. The fraction of weight remaining and derivative of weight loss are
obtained from the millivolt data by using the appropriate conversion factors.
The elapsed time of the experiment is also calculated by the program. Once
the data have been converted they are linearly interpolated to even incre-
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ments of the fraction of weight remaining. The interpolated data are then
stored in a second random access file for future use and both the converted
and interpolated data are printed. Finally, the interpolated data are plotted
as a function of temperature. A flow chart of the data acquisition and STA
conversion programs is presented in Fig. 2.

EXPERIMENTAL

Material

The composite ablative material used in this work, MXBE-350, was
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Fig. 2. Flow charts for computer programs.
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supplied by Fiberite Corporation. The material is a fiberglass filled
acrylonitrile-butadiene (AB) copolymer consisting of approximately 56.5%
glass powder and fiberglass and 43.5% resin. The samples were tested in
powder form and were obtained by machining larger blocks of material.
Samples were stored overnight in a vacuum desiccator maintained at 35°C to
remove traces of moisture.

This material is of practical interest since it is used in a number of thermal
protection applications. The material undergoes two different types of reac-
tions, both of which result in a significant weight loss. The first are the low
temperature pyrolysis reactions of the resin matrix. These are followed by
high temperature carbon-silica reactions between the glass filler and the
carbon residue from the pyrolysis reactions. Details of the kinetics of these
reactions have been described previously by Henderson et al. [2] and
Henderson and Tant [3].

Procedure

The STA unit, depending on the mode of operation, outputs up to four
channels of analog millivolt data. In this work the unit was operated in the
TGA mode and therefore only three channels of data representing tempera-
ture, weight loss, and rate of weight loss were monitored.

In order to reduce temperature gradients and ensure uniform heating,
powdered samples of the material were tested. The resin was prevented from
thermo-oxidatively degrading by maintaining the samples in an argon atmo-
sphere throughout the experiment. Samples weighing 48.0 + 1.0 mg were
tested from 40°C to approximately 1700°C at heating rates of 5, 10, 20 and
50°C min~"'. The three channels of millivolt data from the STA unit were
monitored by the data logger throughout the experiment. The data were
digitized at 120, 60, 30 and 15 s intervals for the heating rates of 5, 10, 20
and 50°C min~!, respectively.

RESULTS

The data were interpolated to 0.01 intervals of the fraction of weight
remaining by the STA program. Figures 3 and 4 were reproduced from these
data. Figure 3 shows the fraction of weight remaining as a function of
temperature for all four heating rates. As shown, the low temperature
pyrolysis reactions occur primarily between 200 and 600°C, while the
carbon-silica reactions occur above 1200°C. Figure 4 shows the correspond-
ing derivative of weight loss normalized with respect to the heating rate. The
digitized experimental data are presented in Table 1.

The kinetic parameters for both sets of reactions were calculated by a
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Fig. 3. Fraction of weight remaining,

multiple heating rate technique proposed by Friedman [4] using the follow-
ing form of the kinetic rate equation

~1/wy X dw/dt = A[(w — w;)/wy|" exp(— E/RT)

where w, = original weight (mg), w; = final weight (mg), w = instantaneous
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Fig. 4. Normalized rate of weight loss.
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weight (mg), T = temperature (K), ¢ = time (min), A = pre-exponential factor
(min~1), E = activation energy (cal gmol~!), n = order of reaction (dimen-
sionless), R = gas constant (1.987 cal gmol ™! K™!). This technique has been
discussed in detail by Friedman [4] and Henderson et al. [2,3] and will not be
repeated here.

A set of kinetic parameters consisting of the activation energy, pre-ex-
ponential factor and order of reaction were calculated for the pyrolysis and
carbon-silica reactions, respectively. The average activation energy for the
pyrolysis reactions were calculated from experimental data covering the
range of weight loss 0.77 < w/w, < 0.98. Two sets of pre-exponential factors
and orders of reaction were required for the pyrolysis reactions, one for
0.96 < w/w, and another for w/w, < 0.96. This technique has been described
by Henderson et al. [2]. Calculation of the kinetic parameters for the
carbon-silica reactions was straightforward and was based on experimental
data in the weight loss range 0.55 < w/w, < 0.67. Experimental data outside
these ranges were excluded because of scatter due to the low rates of weight
loss. The final weight ratio, w;/w,, was taken as 0.7 for the pyrolysis
reactions and was calculated for the carbon-silica reactions by averaging the
final weight ratio for all four heating rates at approximately 1676°C. A
summary of the calculations for both sets of reactions is presented in Table
2.

The kinetic parameters presented in Table 2 were used in the kinetic rate
equation to calculate the fraction of weight remaining vs. temperature. Each
set of parameters was applied to the portion of the curve from which it was
determined. A comparison of the calculations and the experimental data are
shown in Fig. 5 for all four heating rates. As shown, the calculated thermo-
grams closely reproduce the experimental data.

DISCUSSION

As shown by the results of the TGA measurements on the composite
material, the system functions quite well. The millivolt data from the thermal
analysis system was converted quickly and accurately. This provides a
significant advantage over strip chart recorders, in that only a few minutes

TABLE 2

Summary of calculations

Reaction w;/w, Rangeof E A(min™")y n w/ w,

av

w/ wg (kcal gmol ™)

. 1.49x10% 5064 > 0.96
Pyrolysis 0.70 0.98-0.77 526 50810 420 <096

Carbon-silica 0.505 0.67-0.55 81.6 5.19x 10 0.21 -
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Fig. 5. Comparison of calculated vs. experimental thermograms.

are required to produce a hard copy and plots of the interpolated data from
a TGA run. Also the interpolation routine converts and interpolates the data
to a much greater accuracy than can be obtained from strip charts.

The system is also quite versatile. The 40 channels of input on the data
logger allow several different experiments to be connected to the system
simultaneously. This is an advantage in laboratories where different and
unrelated experiments are being conducted. The system can also be ex-
panded to accommodate different thermal analysis components, such as a
differential scanning calorimeter (DSC), simply by modifying or adding to
the software. These features give this data acquisition system a significant
advantage over most of those currently available for use with thermal
analysis equipment.

Finally, the cost of the data acquisition system is quite reasonable. The
entire unit can be assembled for approximately one half the cost of some
data acquisition systems marketed with thermal analysis equipment.
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