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AN EXPERIMENTAL INVESTIGATION OF THE THERMAL DECOMPOSI-
TION OF BRUCITE BY THERMOSONIMETRY

ENUT LOXYVIK
Instizut for Fhsperimentalfysibk, N.T_H. Tromdhcim ¢ Norear}
(Recaved 21 Docember 1977)

ABRSTRACT

This paper is a presentation of pure experimental results on the thermal decom-
position of brucite, Mg(OH)... by observations based on thermosonimelry (TS) meas-
vrements. The experimental arrangements and mcthods arc bricfly described and
attenlion has been given to the determination of the actual sianal requency content.
No theorelical conclusions copcerning the pro—.,s mechanism are considered, but
the mechanical breaking up of the sample 15 attnbuted 10 an intermiltent phenomena
of a relaxational character, most probably cau:ed by some kind of temperature barrier,

INTRODUCTION

Repaorts on the thermal decomposition of brucite, Mg(OH)., suggest, in many
respects, that the process is of a rather specific character. Thas is partly reflected in the
dissymmetry of the iemperature deviation peak (DTA) and any extant kinelic egua-
tion is unlikely (o be explicable. For the dehydroxylation process itself, different
theoretical descriptions have been proposed. The object of this paper 15 not to evaluate
the theoretical mechanism involved, but to give new cxpenimental dala based on
thermaosonmimetric (TS) measurements. One advantage of this method is the prompt
response 10 any sudden change in the thermomechanical properties of the sampic.
Under iden] conditions, it would be possible to observe details during the course of the
decomposition.

An carlier result from a scanning (emperature trace on a piece of unspecified
mineral containing brucile, shown in Fie. §. conveys nothing new except for the
cxpecied peaking around 400 "C, probably composed of a group of sub-peaks.

In relation to this preliminary information, a speaally sclected scan from a new
set of refined experiments with brucite mineral, given in Fig. 2, docs, however, un-
cover an interesting feature of a different nature, The immediate conclusion drawn
from this observation is the existence of a reaction structure within the temperature
deviation peak. Itis worth noting that the corresponding pulsed TS activity is located
close 1o the siep front of the DTA curve around 400 *C. -

TS detection seems 1o be a useful tool in mapping the relationship dunng the
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course of sample fracture caused by the decompaosition of M2(OH).». The investigation
indicates certain aspects of the working mechanism and supporls the assumption of 2
partly iniermuilient process.

EXPERIMENTAL

Expcrimemal sct-up

The basis of the experimental set-up for these mecasurements is sketched in
Fig. 3. The intceral system of the sample on the top of the resonance sicthoscope and
the signal pick-up cell at the base are performed enlirely in a special seismic mount.
The temperalure reference was read from an interchangeable probe placed in the
neichbourhood of the actual sample. A vacuum proof housing sealed off this arrange-
ment from the environmental atmosphere. The risc of the scanning icmperature and
the inside working pressure were controlled by suitable instrumentation.

(a5 =

Fiz ). {(A) The cxperimenta] seti-up_ {B) The stethozcope sample holders.

Information detection

The thermomechanical activities in the sample consisted of different types of
temperature-dependent sonic vibrations which were picked up by the resonance sieth-
oscope and convested to clectricai signals by the use of a piczo-clectric ccll. These
signals are the basic information given and are mecasured as a function of the sur-
rounding temperature of the sample picked up by the nearby dummy reference sample.

The final result depends, 10 a certain exient, on the way in which the avaifable
electrical signals are handled. These are a succession of bursts of individually damped
oscillations with different frequency content. The actual situation is best illustrated
by Fig 4.
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Fig 4 An cxample of actoal signat bursis. The information is separated 2ccording 10 high and low
regecncy confonls.

The main method of TS detection used in the present expenment was based on
the registration of the number of bursts (or waves included) per second (cps) (or by
the siznal RMS value) of the signals amving from the clectronic adaption. A further
improvement to oblain more extensive informaltion would be to have a fizure for 1the
frequency content of the sisnalling itself. The present instrumental sct-up therefore
includes an clectronic circuit 1o register the main frequency components in the TS
burst signal. The occurrence of the individual frequencics is stored and recognised by
a distribution versus frequency curve.

Sample description

The present investigation was carricd out on various sources of material, the
main purpose being to determine the influence of different environmental conditions
on the decomposition process.

The folloming substances were used.

(A) Me(OH) s powder

Source, Merck 3870; molecular weight 5834

The powder samplces, due to their purity, were the centre of interest. The prep-
aration of the samples was cxried out by packing the powder into a quariz glass steth-
oscope holder as pictured in Fig. 3(B). About | mg of maltenal was used in each
experimental ren.

Several problems arosc while working at low pressure. There was a tendency
for the powder to spill out of the upper open side of the sample holder. The powder
was, however, sufficiently stable for measurements 1o be performed in open air con-
ditions.

{B) Brucite crystal from Larcasier Co. Texas, Pennsylrania

Source, Mineral-geologisk muscum in Oslo.

The material was a partly transparent and laminated solid consisting of regular
laycrs of Rakes, which, unfortunately, spht up during the rise of temperature (300 *C).
This is the main cause of additional signals and the reduction in the ability of the
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Fig. 5. Microsonde picurc of the distribution of magncsium in the brucitc samphe D shown i Fig. 2
togrether with the distnibutions of carbon and calaum (CaCO,). (3) Magncesium distribotion. 10 keY.
=3 233 cps. (b) Cakivm distribution, 20 kcV, = 11.5 cps. (c) Carbon distribution, 10 keV, = 23 cps.
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sicthoscope to sense all regions of the sample. The loss of information caused by this
situation s difficult 1o clanfy.

Small cubic samples of about 35 = 8 mm were cut from the original crystal and
polished at the end facing the sensing head. The samples were held on the converting
head of the stethoscope by their own weight. A few of these small preces were repelled
from the sensing head and sometimes jumped off the sicthoscope during the splitting
of the crystal into flakes

(C) Brucite mincral (conzocoli) from Plummertahl in the Tyrol

Source: Geologisk samling N.T.H., Trondheim.

This was 2 more consistend, solid picee of crystal, not fully transparent, havinga
weak grayish colour. The samples used in the expenment were of uniform size, as
mentioned above, and were cut from the onginal picce. When inspected from outside
the chamber. these picces scemied 1o keep their volume and shape dering the heating
process.

{ D} Minerol occurrence of brucite from Langban in Sweden

Source: Geovlogisk samling, N.T_H., Trondheim.

This picce of minerzl was perhaps the most uscful matenal 1o deal with. It was
not iransparcat but consistent and solid.

A microsonde examination showed the Meg(OH). to exist in layers with arcas off
dilfereni carbonates. mainly calcium, within the mother substance as shown in Fig. 5.

Siznol kandling

A flow diagram for the handling and analysis of the information oblained is
shown in Fiz 6. The available teraperature and TS activity signals are applied as input
10 the system. The curves presented are the outputs from (1) the recorder giving a
scan of the T3 acavity versus the choscn reference temperature. The scanning par-
ameter is the nominal rate of the temperature rise programmed by an ordipary tem-
peratunz contsoller: (2) the pulse high analyser (PHA) unit finds the density distribu-
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tion per 1 “C of the TS activity, and ultimately the zero crossing frequency distribution
measured on the applicd signal information.

The clectronic cquipment aceded for cach step in the signal treatment is given in
cach block in the diagram. The instrumental condilions were governed by an independ-
enl setting of three available adjusiments of cither the time constant of the ratcmeter,
the bandwidth of the frequency filiering or the registered sensitivity by the factor of
amplification.

RESULTS

(A) Mg(OH ) powder

The powder samples were measured with different nominal rates of scanning
temperature increase at constant pressure. Typical results are presented in Fig. 7
where the thermosonic information is given on Lthe ordinale scale as a function of the
temperature of a chosen reference matenal.

As seen from the cunve, the reaction is characterized by a collection of successive
sub-pcaks around 400 "C. Relative (0 3 reduced working pressure, provided by a
vacunm pump {10-2 to 10~ torr). the TS information has the same impressive char-
acter_ The performance of the activily variations seems 1o be only <hghtly influenced
by a lowering of the environmental pressurc. In addition. the TS signals always
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Fig. 7. TS activity of Mg{OH); powdcr.
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Fig. & Simultancous recondingr ol the TS sciivity aod DTA peak of MpOH) .. Heating rate, 2 'C min;
range, [0 kc=§ M,

appear within a limited temperature range of 30°C. As expected, the starting point
of TS signals is immediately fowered on the scale of reference temperature by about
50°C for a nominal scanning ratc of 2°C/min.

The conclusion draxn is the common feature of scveral sub-pegks, intervals
with concentrations of bursis spread regularly on the reference lemperature xcale
within a definite temperalure region.

Note when reading the course ol the activity change on the graphs, that the
intensily (cps) was often cut in the ordinate direction caused by a saturation of the pen
recorder duc 1o the high amplification. This was done to emphasize the interesting
mformation at the onset (the precursor zone) and the end of Lhe process.

The recordings given in Fiz. 8 ane a companson of the actual TS curves, relative
to a simullancous recording of the 1emperature deviation peak for different rates of
nominal tcmperature pisc in open air conditions. A reading from these curves confirms
that the TS signalling occurs on the front of the thermal peak_ In this cannection. i is
worth mentioning that the true thermomechanical breaking up of the sample was
momentarily given as a TS activity. The thermal deviation peak, however, merely
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reflecicd 2 combined picture of the variations in the heat transaction and changes in
the thermal property of the “sample™.

The advantage of 1S scanning was better resolution in detccting the definitive
fact of a material break up and in that sense represented a more differentiated course
of the process in question. The measurement of the temperature deviation peak, on
the other hand. contained rather integral information. For that reason, it was pos-
sible to focus interest morc closcly on the details within the measured activity region.

Figure 9(A) and (B) show some ratemeter registrations as well as an enlargement
of the actual decomposition range. This was madc possible by a simuliancous record-
ing of the number of signa: events per 1 °C versus a reference temperature and, in
fact, represents a type of density distribution of the TS activity. The choice of a
different temperature reference in this connection was not of importance.

The resolution of sub-pcaks usually varicd somcwhat from registration te
regisiration. This was 2 natural statistical effect and depended on the condition of the
sample and the detection cfficiency in relation to the choice of the instrument settings.

The pronounced featuse of 2 marked peaking at the beginning and cnd of the
actual TS registrations was ass*med 1o indicate the real start and finish of the physical
breaking up of the sample. The amplitudes belween these two edging peaks seemed,
on the average, to be smaller and partly masked because of Jack of resolution.

In this actual experiment, the breaking up of the sample seemed to 1ake place
in steps. Therefore, the fracturing cffect was thought to be mainly initiated within a
himited ~surface region™ of an actual fresh part of the sample. After this partial con-
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Fg- 5. (A) Typical micmecicr registeation of 2 powder sample showing marked sub-pcaking over the
whole ange of TS ivily. {B) The comosponding roolution of the TS-active anca 35 signzl distriba-
tion per rad. Heatng rate. 10 "C/iman; range, 10 ko-1 Mc.

version, new constraints were sef up within the layer of unreacted material. A revealing
peried followed until the temperature rise was high enough to overcome the conditions
for processing a new “interface regton™ of an intermediale part of the sample. This
procedure continued as the temperature increased within the sample. changing the
inside tension during the partial transformations of the sample into periclase.

£ B} Peansyivanian brucite

Results oblained from samples taken from a piece of brucite from Pennsylvania
are represented by a selected curve given in Fig. I0(A) and (B). The additional effect
seen here was the splitting up of the structure of Aakces in the solid samples in the
lemperature range from 270 1o 360 ‘C. The sample physically swelled and the TS
activity measured was most probably related to a2 rwelease of the inlesface shearning
siress between the flakes.

The reaction under investigation did not immediately manifest any particular.
ncw feature. The general impression wax still a spread of TS information, composed
of several sub-peaks, within 3 somewhat broader iemperature area (roughly 50 'C).
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The scale resolution on the x-axis was (oo small 1o resolve fully the single sub-peaks.

To oblain an 1dea of the frequency composition of the TS signals a1 different
femperaiure scanning rates, simuitancous registration was performed on the distribu-
tion of the TS signal zero crossing frequency number as given in Fiz. 10(B). The exist-
ence of differences, the character of which it is 100 early to define, was the only con-
clusion drawn. :
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Fig FL. (A} TS zcivily of 3 arushed brucite crystal. (B) Corresponding dstribution of the froquency
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fC} Brucite from the Tyvol
The resulis of the brucite samples lrom the Tyrol are represented by the TS

curves taken with a very high frequency cot. beside the mixed conditions, as noted in
Fig. 1 1{A) and (B) -The reason lor this was 1o tcst the influcnce of the sclection of in-
strument paramciers on the apparent detectable information.
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The deteciion of TS signals in the high frequency mode of operation had a
broader temperature performance. The different working conditions of the sample
did not noticeably change the common image. The frequencies in the area of 200 kHz
seemed to be more dominant. The experiments also showed that the Iower frequencies
(under 20 kHz) were probably best suited to the specific detection of the fracturing
processecs following the dehydration in question.

The higher frequency content would aiso reflect on the change in the other phys-
ical properties of the solid (heat capacity, expansion, cic.).

Apart from the statistics in the amplitudes, an overall exaluation would still give
the impression of a pulsed character. A conceivable smoothing of the recorded values
(averaged with respect 10 the temperature) would lead to an integral curve more Jike
the shape of the temperature deviation peak.

{ D) Lanaban brucire

Determinations made on brucite mineral from Lingban are presented by the
curves given in Fig. 12(A) and (B). Concerning the dehvdmtion process itself, these
examples scarcely supply any new information other than that the TS activity was
erouped around 400 *C with a range of roughly 30 “C and contained a series of in-
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Fig. 13. (A} TS activity of a picee of brucitc mincral (sample D) recorded with an expanded signal
band widih. (B) Comcsponding zero crossing fmequecncy distribution showing a definite contribution
of higher frequency components. tA) and (B). heating raie. 2 € min: pressure. 107 3107 1omr;
range. 6 ko~ Mc

dividual sub-peaks. In this connection. the change of frequency band width showed
an cffect on the coursc of information. in the high frequency mode, as given n Fig.
13{A) and (B). extra TS activity was picked up around 300 °C and there was also a
special wide platcau above 500 “C.

The particular reaction in question was more pronounced in the lower [re-
quency range as shown in Fig. 12(A).

I1 is not possible at the present me 1o quote any preference in the sysiem of
special signal frequencies related 1o the specific detection of the dehydration process
itself. No doubt that valuable information is hidden in the distribution of the frequency
content of the TS signals.

During research on this type of brucite material, peculiar rotational movemnents
of the solid samplc on the sicthoscope hecad were obsenved depending on specific tem-
perature levels. This effect was discovered duc to unexpected TS activity in the 700 “C
region. A more detailed report on this strange behaxiour will be given on another
occasion.

GRAPHICAL EVALUATIONS

When the experimental results were known, the question arose of the existence
of a real differentiation in the decomposition aclivily inlo separate periods. The
spread of sub-peaks can best be estimated by the distibution mode of recordings
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from the powder samples. The fizures used in the calculation were read from the in-
dividual curves and the graph of the commesponding statistical distribution of these
results is drawn in Fig 14, The adaplation of the data to the theorctical model given
in Fig. |5 shows a statistically significant temperature separation between bursts of
reaction (sub-peaks). The analysis points to an absolute temperature threshold (dead
zone) of relaxation of 2.2°C and that the interval between the reaction push is most
probably 3.3°C (on the average about 3°C). The average number of sub-peaks in this
calculation is calculated to be 9, including the rcadable smalier peaks.

An average valoe of the “beginning and ending™ position of the activity range
has been ciiculated from readings on the actual curves. By extrapolation 1o 2 nominal
Zero temperature scanning rale, the activity zone is still found to have a definite width
for the course of reaction. The dependency on the hesting rate within the limits given
does not s¢em to be significant as shown in Fig. 16.

From these derivations, we presume that the decompesition process can scarcely
progress continuously through the sample. The evaluations may be based on the pos-
sibility of a partly reversible process governed by some kind of barrier effect.

CONCLUSIONS

The dynamic measurements on the TS activily caused by the dchydroxylation of
the present Ms(OH); samples suggests that the process has a stepwise behaviour.

Any endothermic transformation does (on the —surface™) alter the healing
condition locally (of the inside substance) unti] the reaction is partly accomplished.
To what cxient this particular situation aifccts these measurcments is not fully under-
stood. Statistically. this investization docs, however, introduce an average delay of
3 °C (velative to the refercnce scale) between successive bursts of reactions in the
powder sample. This indicates that a temporary interface may build up within the
material and that 2 certain barrier has to be excreded 1o promotc the further transition
of the sample.

The recorded inicrsiage is, macroscopically, a balancing of the mutual conver-
sion of different forms of energy (thermal, chemical, mechanical). An extrapolation of
the dynamic observations to nominal z¢ro rate of heating (slowly against constant
working tempeature) dii not seem io alter this picture,

Finally, there is 1. :on to belicve that the decomposition, even on a microscale,
will procred as a relaxational oscillation between two temperature levels 3 °C apant.
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