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ABslRAcT 

Even though B number of investiga%rs have conchded that the dehydration 
of Mg(OH)r, either precipitated or in its mineml form hrudte, folldws one or another 
of the orthodox kinetic equations in which kr = f(cf),thereisciear&iencethatthe 
~roces is stepwise, the reaction. wcurring initiaIIy at the surface, then preferentially 
atfk5hsurfkesexposedbycrackin~ 

Crushed or ckaved bmcite crystak arc shown-to evolve water at rates+& 
risk and fall in manners co nsistent with the dehydraticm-and-aadkg xneca hut 

inconsisttnt with any of the behaviors described by nuckation-and-growth or dif&sion 

IKl-RODUCIION 

The kinetics of *&ermal decompositionof brucite, mineralmagnesiom hydroxide, 
has been descn’bed in terms of orthodoxequations by a number of w~rk&s’-‘~. 
The aemiptions include order-of-reaction, contracting geometry, and xmckation- 
and-growth models., even though somezS ‘* I1 had reported the sySema&cracking 
of welI-crystaIked bmcite into crystallitf~ about one micron -hAze d$ng thermal 
decomposition, Also, the pressure dependenaz of the detiydration has been clearly 
demonstrated both by equiiitium P-T curve& !=- ‘.’ and by dynamic measure+ 
menis’* XT, 

: T&e variation of the temperatures of DTA peaks ipder we&control@ pzssures 
of water vapor in the 1-8 atm range and the kxziti~n of these temperatures between 
those in vacua and at much higher prwsures*~ 121?6 ixMiicatesthatthedependwce 
existsatall+ssunzq the PES in experiments in vaciio~arisipg from the’(unkkwn 
and uncontroJled) pressure gradient within the particleandjor@eition of p&ticks. 

The~~ofanatmospheredependence~perse~tlreexpressions 
based simply on geometry or- order of reaction’ equations whkh +&&ino @q&z 
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term are inadequate and any kinetic parameters calculated from them are suspect, 
0ne0fus18hasp0intedouttheease of ascertaining the existence of an atmosphere 
dependence even in apparatus not designed for atmosphere cxmtroX by use of greatIy 
different sampIe sizes and geometries- This present paper reports spec%c evidence 
that brucite has a unique dehydration behavior which is not describable by a single- 
equation related to any of the customary modeIs. 

In dynamic studies of the temperature of the dehydration of brucite as a 
Gmction of the pressure, Weber and Roy’ found a doubIe peak in DTA cu~yes, 
Whether or not the behavior was consistent in form and magnitude was not spedi 
but the curve illustrated shows very clear res0Iutiox~ In extending the studies of Gam 
and Freund” to verify the suspected discontinuity of mechanism in the H atm 
range and to examine further the tunneling mechanism, sin&r observations were 
made on a commerciaI magnesium hydroxide. The peaks were not ckady rcsolv4 
but the seuxrdary peak appeared on both sides of the main peak., on the iow tempera- 
ture side at the iower pressmes- Indeed., the most frequent manX&ztation was a bulge 
in the peak rather than an obvious shou!der- The relativecrystaliinity and homogeneiry 
of We&r and Roy’s samples would be expected to Iead to superior resohrtion because 
of the special nature of the dehydration process. Nonetheless, evidence for a second 
peak can be seen even on r&tiveIy iess crystaliine samples without deliberate sekzction 
of particie siz2- 

Examination by Freund and Cam”’ of a number of differentiaf thermal 
amdysis @T-4) curves from severaI different h&oratories Ied to the umchrsion that 
there was, in many uses_ an initial rhythmic pattern superimposed on the overall 
peak. The evidence comprised a set of smaher peaks spaced fairly re_@.arIy in time 
or temperature and diminishing in resolution, This behavior could be ascribed to the 
dehydration of the surface followed by cracking (due to the misfit of magnesia and 
brucite) which exposed fresh hydroxide surface This was in agreement with earlier 
hypotheses by Frennd and N~geri’“-22 which ascribed the relative ease of surf&e 
dehydration compared with in tracrystaIIine dehydration to a tnnnehing mechanism 
made possible by the greater amplitude of the wagging vibration of the surface 
hydroxyl compared with the corresponding intralatice vibration, 

As a test of the hypothesis, Freund et aLz3 pulverized maguesium hydroxide to a 
size (< I m) intended to avoid the intrusion of the dehydratexmc k-dehydratexrack 
sequence and observed the decomposition iu vacua in a mass spe&ometer_ They 
found that the water was evolved irre*guIarIy over ‘he temperatme interval 2OO-7OO=c, 
maGma appearing M 330,460, and 57O’C. They concluded that their curves could 
only be obtained from very minute samples having a small number of-particles_ As 
the number of particles incmases, 50 does the tendency of the superpositioning of 
the many more-or-less-rhythmic individual curves to coalesce into a smooth envelope_ 
The dehydration reaction is known to be reversiile so their heating above 600” in 
vacuum without complete dehydration is surprising considering that the reaction is 
generahy complete below 5OO” at ambient or even elevated pressnms ofwatervapos17, 
This may reflect yet another mmsuaJ behavior- of magnesimn hydroxide but it is 



probable that simiIar behavior in other materiak is not uncommon, It is observable 
without much difIicuIty in maguesium hydroxide because of the reIative simplicity 
of the Mg(OH), +ucture- 

The information reIatabIe to the present study is that the dehydration qsn 
involve catastrophic steps on a micro scale. The high vacuum,, however, provides a 
spec+l condition for a reversiiIe reaction, enabIing the (reversible) decomposition 
to pr& rapid@ at 200°C Qle rapid begkuiug may have been due, iu part, to 
strains introduced in the grinding.) 

This senior author (PDG) prefers not to use high vacuum experiments for_ _._, 
reversiile reactions because of the increased uncertainty of the water pressure at the 
actuaI reaction site_ This present report is on the keg&r rates of dehydration oZ 
single crystals of brucite obtained from Iarger, we- pieces by crushing 
and by cleaving and cracking- In the fkt case, the exposed faces are poorly controkd, 
whereas the cleaving enabks a predominant exposure of the cleavage plane, the Oool 
face- The exktence of such a we&defined cleavage pIau.e inhibits the study of other 
faces because of the tendency of sampIes having relatively Iarge areas perpendicular _. 
‘to the 0001 plane to cleave even without imposed stress, Hence, the present data offer 
a Iimiw rather than definitive, test of the anisotropy of the process- 

These experiments on brucite crystals are a part of a more generaI study of the 
effect of structure on thermal decomposition kinetics and mechanisms 

ExPERlMENTAL 

The brucite crystal was fkom Lancaster County, PennsyIvania, USA, and 
was supplied by the Smithsonian Institute_ Crushing (without grinding) was used to 
provide more-or-less random distribution of surf&z exposure_ The Oool face was 
common but not predominan t. Crushed samples weighed ca. 3 mg, cleaved sampIes 
ca_Smg. 
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The first sampIe holder was constructed from a standard tee fitting arranged 
(Fig. I) so that the partick wxs supported in part by the m-and in part by the end 
ofthe thermocoupIe entering from the bottom of the tee_ The upper end was co~ected 
to the cam idet valve to a Fdgan QuadrupoIe Mass Spectrometer ModeI 
1055 SL. The inIet valve is part of the associated gas chromatograph_ The sampIe 
hoI+r PssembIy was within the gas chromatograph oven using the gas supply normally 
used for the capikry column. This enabkd use of the chromatograph oven controls 
to heat the sampie and maintain a constant temperature or pro_- the temperature 
as needed_ The _eas stream passed through tubing within the oven, thereby being 
heated to the oven temperature, before entering the si6.e openiug of the tee_ 

In later experiments, this arrangement was varied to enable sampling of a 
portion of the gas stream rather than introduction of the whoIe gas stream into the 
in&s spectrometer_ _- 

The scan co&r01 was set to measure onIy the water peak at mass 18 and the 
total ion monitor output was connected to one channe1 of a two-pen recorder, the 
other chanuel being co~ected to the sample thermocouple. In this *?s;r, ihe recorder 
not only reIated the water evoIution to time and temperature, bit: aiso monitored the 
temperature control- 

fn a typical experiment, the sampIe was dried at ambient temperature or ca 
100°C in the sample hofder- When the total ion monitor indicated that no more 
water was coming into the mass spectrometer, the oven temperature was pro_crammed 
rapidIy upward to the preselected temperature. The water evofution was monitored 
until its rate had approached zero, whereupon the temperaturk was raised to ca 
400°C to make certain the &hydration was compIete. 

Even though the exact form of the water evolution curve or the DSC curve 
was not h.ighIy reproducibIe because of variations in shape of the particle or heat 
transfer to the parti& the characteristic pattern discIoses the non-agreement between 
the experimentaI evideuce and any of the theoretical descriptions of solid decomposi- 
tions_ Either or both of two events are shown- There is an abrupt and short-lived 
increase in the evoIution of water some time after reaching the control temperature 
and/or there is au apparentIy “normaI” decrease in rate of water evoIution for a 
period of time followed by an increase to a new IeveI (520%) higher) which sub 
sequently duzqx 

Appropriate blank runs were made to make certain that none of the effects 
could have been caused by instrum entai artifacts, for-example, overshoot by the 
temperature controIIer_ This overshoot would tend to bk repr+xciile in its time 
constant and hence easiIy identi%bIe even if the temperature of t&z sample was not 
monitored- Noise from any part of the system or other aberrations of behavior have 
uever caused any abmpt change other than the usuaI ahuost-instantaneous p&e. The 
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Fig_ I_ Tunpcame and water cvohdon versw time for a OAKhI6 g ckaval crystal. 

total ion monitor and the scan control of the mass spectrometer operate at an excellent 
level of stability. The effects measured clearly arise fiom.the sample_ 

Microscopy on a hot stage disc&es major c&kin& but it is not certain that 

this observable craddng is-on the same scale as that detected by the o&r techniques- 



cracking after a period of surface dehydration is not surprising. There is no reaI 
periodicity for single partides because each set of fresh surfaces is in a different 
environment from the Iast and the charact& sticsofthecrackingcanhardIybe 
expex%d to be uniform_ From this, the pattern of con-t cracking can be expected 
to degenerate rapidly, This rapid degeneration was also observed in the DTA ctllves 
which Ied to this investigation- 

New apparatus to bring the sample closer to the detector, both in space and 
) in time, is being constructed, not only to e xamine this behavior more closely, but to 

ascert&n whether or not this is a very limited phenomenon or a characteristic behavior 
of a muItitude of materiaIs_ It is easy to hypothesiz that any easily decomposed 
material, whether hydroxide, hydrate, carbonate or others, whose residue tends to 
have strong bonds to. but SubstantiaIIy different spa&& from, the parent crystal 
will show such behavior_ Whether or not cleavable crystals are particuJarly~f.ikeIy to 
show such behavior is another important question_ 

It is worth nothing that the acoustical method reported by l~~~~vik’~ discloses 
mechanical events duringheating of brucitez5_ Because i?ze water v?por environment 
was not controlled, the Jack of ciear agreement in temperatnres of acpustical activity 
and water fess is not my si@canL Garn and Freund” have already shown 
that the pressure of water vapor iniluemxs the dehydration temperature and have 
noted that an apparent discontinuity between their data in the f-8 atm region and 
extrapoIated values from the pressures suggested a changing mechanism, or at least 
a changing rate-Iimiting parameter. 

The proposed discontinuous dehydration of magntsinm hydroxide by surf&z 
dehydration followed by czxking to expose fresh surfaces is cowed by dis- 
continuities in the water loss from singIe particles and in consumption of energy 
during differential scanning caIorimetry_ 

The behavior may be common to a variety of materials 

The authors are grateful to the Nafional Science Foundation for its support 
through a research grant (CHEM 74-24499) and to F. FreMd for heipfal discusSons. 
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