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ABSTRACT

This paper is a presentation of pure experimental results on the thermal decomĎ
position of bruciteĎ Mg(OH)__ by observations based on thermosonimelry (TS) maasĎ
urements. The experimental arrangements and methods arc briefly described and
attention has been given to the determination of the actual signal frequency content .
No theoretical conclusions concerning the pro ĎĎĎ.s mechanism arc consideredĎ but
the mechanical breaking up of the sample is altĎ :buted to an intermittent phenomena
of a relaxational characterĎ most probably cau:ed by some kind of temperature barrier .

I TROOLTCTto?

Reports on the thermal decomposition of bruciteĎ Mg(OH)_Ď suggestĎ in many
respectsĎ that the process is of a rather specific character . This is partly reflected in the
dissymmetry of the temperature deviation peak (DTA) and any extant kinetic equaĎ
tion is unlikely to be explicable. For the dehydroxylation process itself different
theoretical descriptions have been proposed . The object of this paper is not to evaluate
the theoretical mechanism involvedĎ but to give new experimental data based on
thermosonimetric (TS) measurements . One advantage of this method is the prompt
response to any sudden change in the thermomechanical properties of the sampic .
Under ideal conditionsĎ it would be possible to observe details during the course of the
decomposition.

An earlier result from a scanning temperature trace on a piece of unspecified
mineral containing bruciteĎ shown in Fig . 1Ď conveys nothing new except for the
expected peaking around 400 °CĎ probably composed of a group of subĎ

peaksĎIn relation to this preliminary informationĎ a specially selected scan from a new
set of relined experiments with brucite mineralĎ given in Fig . 2Ď doesĎ howeverĎ unĎ
cover an interesting feature of a ditferent nature . The immediate conclusion drawn
from this observation is the existence of a reaction structure within the temperature
deviation peak. It is worth noting that the corresponding pulsed TS activity is located
close to the step front of the DTA curve around 400 °C.

	

Ď
TS detection seems to be a useful tool in mapping the relationship during the



23

scare a3 c9% rnzo3co 73W a.^sue+ ZĎi

wRae g rate_
2Cf^ a'c VaCUM

Sass :ergs

Fir.? CbacectcriuicTS acihity in a soIwl picaof brucitc mwacral (sample U)Ď

FkĎ t_ The count orTS achity from a picot of sold brucitc mincral.

a ooece as sacs
9'4c'ec &xĎKae

.y(CM);
BRe;Cirq rate :



course of sample fracture caused by thcdccomposition of h)g(OH)Ď. The investigation
indicates certain aspects of the working mechanism and supports the assumption of a
partly intermittent process

EPERJMENTAL

Experimental setĎup
The basis of the experimental setĎup for these measurements is sketched in

Fig. 3. The integral system of the sample on the top of the resonance stethoscope and
the signal pickĎup cell at the base are performed entirely in a special seismic mount_
The temperature reference was read from an interchangeable probe placed in the
neighbourhood of the actual sample_ A vacuum proof housing sealed off this arrangeĎ
ment from the environmental atmosphere . The rise of the scanning temperature and
the inside working pressure were controlled by suitable instrumentationĎ
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For 3_ (A) The esperimcntal setĎup (B) The stethoscope sample holders_

Information detection
The thermomechanical activities in the sample consisted of different types of

temperatureĎdependent sonic vibrations which were picked up by the resonance stethĎ
oscope and converted to electrical signals by the use of a piezoĎclectric cellĎ These
signals are the basic information given and are measured as a function of the surĎ
rounding temperature of the sample picked up by the nearby dummy reference sample.

The final result dependsĎ to a certain extentĎ on the way in which the available
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 FirĎ4Ď

29



30

Original trace

High frequency Content

Ď. .h

LOW frequency Content
	'Ď' ` ~Ď

Fi¢ i An esannpte oractual sir cal bursts. The infornntion is stpantcd according to high and loci
fmgucncy contcnu..

The main method of TS detection used in the present experiment teas based on
the registration of the number of bursts (or waves included) per second (cps) (or by
the signal RMS value) of the signals arriving from the electronic adaption . A further
improvement to obtain more extensive information would be to have a figure for the
frequency content of the signalling itself_ The present instrumental setĎup therefore
includes an electronic circuit to register the main frequency components in the TS
burst signal. The occurrence of the individual frequencies is stored and recognised by
a distribution versus frequency curve .

Smnple description
The present investigation was carried out on various sources of materialĎ the

main purpose being to determine the influence of different environmental conditions
on the decomposition process .

The following substances were used .
(R) Mg(OH) _powder
Source. Merck 5870 ; molecular weight 5&3tĎ
The powder samplesĎ due to their purityĎ were the centre of interest . The prepĎ

aration of the samples was carried out by packing the powder into a quartz glass stethĎ
oscope holder as pictured in FigĎ 3(8)Ď About I mg of material was used in each
experimental run.

Srretal problems arose 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. howeverĎ sufficiently stable for measurements to be performed in open air conĎ
ditions.

(8) Brucite cr_tsralfrom Lancaster Ca. Texas_ Pennsalrania
SourceĎ MineralĎgeologmsk museum in Oslo_
The material was a partly transparent and laminated solid consisting of regular

layers Ďor flakesĎ whichĎ unfortunately: split up during the rise of temperature (30) 'C)Ď
This is the main cause of additional signals and the reduction in the ability of the
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FigĎ f. Microsonde picture of the distribution of magnesium in the brucitc sample D shown in Fig. 2
together with the distributions ofarbon and atrium (CaCOĎ)_ (a) Magnesium distribution. 10 kcv.
xr 235 cps. (b) Calcium distributionĎ 20 kcVĎ ~ 11J cps. (c) Carbon distributionĎ 10 kc%'Ď z 23 cps.
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stethoscope to sense all regions or the sampleĎ The loss of information caused by this
situation is difficult to clarify .

Small cubic samples of about 5 .ĎĎ 5 x' 8 mm were cut from the original crystal and
polished at the end facing the sensing head . The samples were held on the convening
head of the stethoscope by their own weight . A few of these small pieces were repelled
from the sensing head and sometimes jumped ofT the stethoscope during the splitting
of the crystal into flakes_

(C) Bemire mineral (cmr_ocoli) from Plumnrenabl in the Tyrol
SourceĎ Gcologisk samling N.T.H.Ď TrondheimĎ
This was a more consistentĎ solid piece of crystalĎ not fully transparentĎ having a

weak grayish colour. The samples used in the experiment were of uniform sizeĎ as
mentioned aboveĎ and were cut from the original piece . When inspected from outside
the chamber. these pieces secreted to keep their volume and shape during the heating
process.

(l)) Mineral ocaffrente ofbrucite rove Ldngban in Sweden
Source: Geologisk samling. N.T.H.Ď Trondheim.
This piece of mineral was perhaps the most useful material to deal with . It was

not transparent but consistent and solidĎ
A microsonde examination showed the Nlg(OH)_ to exist in layers with areas of

dilfcrenn carbonatesĎ mainly calcium. within the mother substance as shown in Fig. 5 .

Sixnal handling
A flow diagram for the handling and analysis of the information obtained is

shown in FigĎ6Ď The available temperature and TS activity signals are applied as input
to the system. The curves presented are the outputs from (t) the recorder giving a
scan of the TS activity versus the chosen reference temperature . The scanning parĎ
ameter is the nominal rate of the temperature rise programmed by an ordinary tetnĎ
peraturie controller ; (?) the pulse high analyser (PHA) unit funds the density distribuĎ
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Lion per 1 'C of the TS activityĎ and ultimately the zero crossing frequency distribution
measured on the applied signal information .

The electronic equipment needed for each step in the signal treatment is given in
each block in the diagramĎ The instrumental conditions were governed by an independĎ
ent setting of three available adjustments of either the time constant of the ratemeterĎ
the bandwidth of the frequency filtering or the registered sensitivity by :he factor of
amplification_

RESULTS

(A) 3fg(Otf) _ powder
The powder samples were measured with different nominal rates of scanning

temperature increase at constant pressure . Typical results arc presented in Fig. 7
where the thermosonic information is given on the ordinate scale as a function of the
temperature of a chosen reference material

As seen from Me curveĎ the reaction is characterized by a collection of successive
subĎpeaks around 400'CĎ Relative to a reduced working pressureĎ provided by a
vacuum pump (10''Ď to 1O' 3 tort)Ď the TS information has the same impressive charĎ
acterĎ The performance of the activity variations seems to be only slightly influenced
by a lowering of the environmental pressure In addition. the TS signals always

Fis. 7. TS activity of htg(OH). powder.
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appear within a limited temperature rank of 30'CĎ As expectedĎ the slaving point
of T5 si4nats is immediately lowered on the scale or reference temperature by about
50'C for a nominal scanning rate of 2'Cmin .

The conclusion drawn is the common feature of several subĎpeaks . intervals
with concentrations of bursts spread regularly on the reference temperature scale
within a definite temperature region_

Note when lading the course of the acG •i ty change on the graphsĎ that the
intensity (cps) was often cut in the ordinate direction caused by a saturation of the pen
recorder due to the high amplification . This was done to emphasize the interesting
information at the onset (the precursor zone) and the end of the process.

The recordings given in Fig. S arc a comparison of the actual TS curvesĎ relative
to a simultaneous recording of the temperature deviation peak for different rates of
nominal temperature rise in open air conditions_ A reading from these curves confirms
that the TS signalling occurs on the front of the thermal peak_ In this connection. i t is
worth mentioning that the true thermomcchanical breaking up of the sample was
momcvttanly given as a TS activity . The thermal deviation peakĎ however_ merely



reflected a combined picture of the variations in the heat transaction and changes in
the thermal property of the "sample" .

i he advantage of IS scanning was better resolution in detecting 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 peakĎ on
the other handĎ contained rather integral information . For that reasonĎ it Ďvas posĎ
sible to focus interest more closely on the details within the measured activity region.

Figure 9(A) and (8) show some ratemeter registrations as well as an enlargement
of the actual decomposition range. This was made possible by a simultancous recordĎ
ing of the number of signs: events per I `C versus a reference temperature andĎ in
factĎ represents a type of density distribution of the IS activity . The choice of a
different temperature reference in this connection was not of importance.

The resolution of subĎpeaks usually varied somewhat from registration to
registration_ This was a natural statistical effect and depended on the condition of the
sample and the detection efficiency in relation to the choice of the instrument settings .

The pronounced feature of a marked peaking at the beginning and end of the
actual TS registrations was assnn wd to indicate the real start and finish of the physical
breaking up of the sample_ The amplitudes between these two edging peaks seemedĎ
on the averageĎ to be smaller and partly masked because of lack of resolution .

In this actual experimentĎ the breaking up of the sample seemed to take place
in steps. Therefore. the fracturing effect was thought to be mainly initiated within a
limited Ďsurface region Ď of an actual fresh part of the sample. After this partial conĎ
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FigĎ 9. (A) Tel nt nclcr retistration of a poadcr sample shoeing marked subĎMaking over the
whole rage: ofTS activity. (t3) The aorrcsgaidiing nso!clhor of ehc TSĎ40i c ama as sip=t dntnbuĎ
lion ptr pwL Heating me 90'Cfmin ; rangy to kcĎI Mc_

vwsion„ new constraints were set up within the layer of unreactcd material . A revealing
period followed until the temperature rise was high enough to overcome the conditions
for processing a new "interface regionĎ of an intermediate part of the sample_ This
procedure continued as the temperature increased within the sampleĎ changing the
inside tension during the partial transformations of the sample into periclase_

~Bf Pcnnsrlrmrian brucite

Results obtained from samples taken from a piece of brucite from Pennsylvania
are represented by a selected curve given in Fig . 10(A) and (8)_ The additional effect
seen here was the splitting up of the structure of flakes in the solid samples in the
temperature range from rO to 360 'C The sample physically swelled and the TS
activity measured was most probably related to a release of the interface shearing
stress between the Rakes_

The reaction under investigation did not immediately manifest any particular_
new feature_ The general impression was still a spread of TS information. composed
of several subĎpeaksĎ within a somewhat broader temperature area (roughly 50''C).
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FitĎ IM (A) 7S activity of a solid puce of Pcnnsyhnnizn brocite crystL (0) Simultaneous recording
or the number distribution or the signal afro crossing frequency_ (A) and (13). heating rate. ! 'Cmin:
prasurc t0 Ď =Ďt0Ď .* tort • nngc _VtcĎ1 11c

The scale resolution on the xĎaxis was too small to resolve fully the single subĎpeaks.
To obtain an idea of the frequency composition of the TS signals at differcnt

temperature scanning ratesĎ simultaneous registration Ď.vas performed on the distribuĎ
tion of the TS signal zero crossing frequency number as given in Fig . 10(B). The existĎ
ence of differencesĎ the character of which it is too early to defineĎ was the only conĎ
clusion drawn.



38

s®o200loo so 30

	

tern

Fty 11_ (A) ITS acti%itg o(a crushed brucitc cnsUL (8) Corresponding distribution or the frcqucncp
cmnponcnts . (A) and (8). heating rata 2 `CSmin ; pressureĎ 10Ď2Ď10'' torn; ranprĎ 30 kcĎ1 Me.
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FirĎ 12. (A) TS activity of a piece of brume mineral (sample t)) for the tower frequency range_ (B)
Pistribution of signat frequency components. (A) and (B)Ď heating rate. 22C'min; pressure
10Ď 2Ď10`' torn; range. 7ĎĎ100 is

(C) $rnritc from the Ti to!
The results of the brucite samples from the T?Tot arc represented by the TS

curves taken with a very high frequency cutĎ beside the mixed conditionsĎ as noted in
Fig. I [(A) and (B) .The reason for this was to test the influence of the selection of inĎ
strument parameters on the apparent detectable information .
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The detection 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 240 kHz
seemed to be more dominant_ The experiments also showed that the lower frequencies
(under 20 kHz) were probably best suited to the specific detection of the fracturing
processes following the dehydration in question_

The higher frequency content would also reflect on the change in the other physĎ
ical properties of the solid (heat capacityĎ expansionĎ etc .).

Apart from the statistics in the amplitudesĎ an overall evaluation would still give
the impression of a pulsed character A conceivable smoothing of the recorded values
(averaged with respect to the temperature) would lead to an integral curve more like
the shape of the temperature deviation peak_

(D) Lnngban brrtcite
Determinations :made on brucite mineral from Langban are presented by the

curves given in Fig. 12(A) and (B)_ Concerning the dehydration process itselfĎ these
examples scarcely supply any new information other than that the TS activity was
rouped around 400 ?C with a range of roughly 30 'C and contained a series of inĎ
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Fig. 13. (A) TS activity of a picot or brucite mineral (szmpk D) recorded with an expanded signal
band width_ (B) Corresponding zero crossing frequency distribution showing a dcfinite contribution
of higher frequency components (A) and (B) . heating rte. 2 ĎCmin_ prcssurc. toĎ 1Ď10Ď j torr ;
range 6 kcĎ I Mc

dividual subĎpeaks. In this connection . the chance of frequency band width showed
an effect on the course of informationĎ In the high frequency modeĎ as given in Fig .
13(A) and (8) . extra TS activity was picked up around 300 'C and there was also a
special wide plateau above 500 `C.

The particular reaction in question was more pronounced in the lower freĎ
quency range as shown in Fi". 12(A)_

It is not possible at the present time to quote any preference in the system of
special signal frequencies related to 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 materialĎ peculiar rotational movements
of the solid sample on the stethoscope head were observed depending on specific temĎ
perature levels. This effect was discovered due to unexpected TS activity in the 700 4C
region. A more detailed report on this strange behaviour will be given on another
occasion.

GRAPHICAL EVAWAT1o:*

When the experimental results were knownĎ the question arose of the existence
of a real differentiation in the decomposition activity into separate periods. The
spread of subĎpeaks can best be estimated by the distribution mode of recordings
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Fig_ 1& (A) Graphical presentation of the estimated stare and end points or the TS activity zone as a
function of the nominal hating rate The temperature range of the decomposition of M1gtOH)_ powĎ
der on the tcrnpmature refctdtce scale is nearly Constant (B) The DTA peak position and drift relat»r
to the tempcrature at dilfcrcnt hating rates .
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from the powder samples. The figures used in the calculation were read from the inĎ
dividual curves and the graph of the corresponding statistical distribution of these
results is drawn in FirĎ 14. The adaptation of the data to the theoretical model given
in FirĎ IS shows a statvstirally significant temperature separation between bursts or
reaction (subĎpeaks)Ď The analysis points to an absolute temperature threshold (dead
zone) of relaxation of ??`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 subĎprate in this
calculation is calculated to be 9Ď including the readable smaller pcak~ .

An average value of the "beginning and endingĎ position of the activity range
has been calculated from readings on the actual curves . By extrapolation to a nominal
zero temperature scanning rateĎ the activity zone is still found to have a definite width
for the course of reaction. The dependency on the heating rate within the limits given
does not seem to be significant as shown in FirĎ I6 .

From these derivationsĎ we presume that the decomposition process can scarcely
progress continuously through the sample_ The evaluations may be based on the posĎ
sibility of a partly reversible process governed by some kind of barrier effect

cauLttsKLIZ

The dynamic measurements on the TS activity caused by the dchydroxylation of
the present b7 OH) 2 samples suggests that the process has a stepwise behaviour .

Any endothermic transformation does (on the ĎsurfaceĎ) alter the heating
condition locally (of the inside substance) until the reaction is partly accomplishedĎ
To what extent this particular situation affects these mcasurcments is not fully underĎ
stood. StatisticallyĎ this investigation doesĎ howeverĎ introduce an average delay of
3'C (relative to the reference scale) between successive bursts of reactions in the
powder sample_ This indicates that a temporary interface may build up within the
material and that a certain barrier has to be exceeded to promote the further transition
of the sample.

The recorded interstage isĎ macroscopicallyĎ a balancing of the mutual converĎ
sion of different forms of energy (thermal . chemical. mechanical). An extrapolation of
the dynamic observations to nominal zero rate of heating (slowly against constant
working temperature) dig' not seem to alter this picture .

FinallyĎ there is rĎ :on to believe that the decompositionĎ even on a microsoaleĎ
will proceed as a relaxational oscillation between two temperature levels 3 nC apart .
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