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ABSTRACT

The thermal decomposition of hydromagnesitle, 4Ae2CO, - M2(OH), - 4H.O,
was studied under two typical experimental conditions; the condition in which an
exothcrmic phenomenon at ~320 "C was absent (Peg,. = 0.00 atm) and the onc in
which it was present (Pegx = 0.530 atm).

The specimen formed an amorphous phase including a lower carbonate inter-
mediate after dehydration was completed at ~300 °C. Al Pepx = 0.00 atm, decar-
bonation proceeded and MgO was formed at ~300°C. At Pepa = 0.30 atm, crystalli-
zation of MgCQ,, the cvolution of heat and a rapid evolution of carbon dioxide took
place coincidentally at ~320°C. The MgCO, was deccomposed at higher temperatures.,

A modcl was proposed to explain the cxothermic phenomenon; the crystal-
lization of Mz2CO, was assumed to cause the rapid evolution of heat which de-
composed the specimen and generated the rapid gas evolution when the specimen
powder was packed tightly.

INTRODUCTION

The thermal decomposition of hydromagnesite, 4MgCOy - Mg(OH), - 4H,O,
proceeds via dehydration and decarbonation to M2QO. A curious exothermic phenom-
enon was found at ~ 300 “C in the decarbonation process. The decompaosition process,
especially the exothermic phenomenon. was strongly affecied by the experimental
conditions. In a previous paper’, the necessary conditions for the occurrence of the
exothermic phenomenon were established ; a high partial pressure of carbon dioxide
{Pcoz) was required.

The exothermic phenomenon was explained by various mechanisms. Dell and
Weller® and Morandi? proposed the crystallization of MgCOj; since they detected the

* To whom corrcspondence should be addressed.
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X-ray diffraction pattern of MgCO, in the specimen quenched immediately after the
exothermic phenomenon took place. Tomizawa e1 al® showed the corrclation between
the intensity of the exothermic pcak and these of the NMgCO; X-ray diffraction peaks.
Beck * and Hashimoto et al.“ proposed the crystallization of MgO from their results of
X-ray difiraction on the quenched speaimen. Hashimolo et al.® and Héland and
Heide® reported 1he rapid cvolution of carbon dioxide at ~300 *C. Recently, Suzuki
ct al.* detecied the evolution of carbon monoxide from hydromagnesite, in amounts
which were much greater than expected from the equihbrium between CO,. CO and
O,. They explained that the erystallization of MgCQ, triggered expiosive combustion
of carbon monoxide cavsing the exothermic phenomenon.

In the present paper., the thermal decompesition process was studied by compar-
ing ithe structural changes pnder two txpical experimental conditions; the condition in
which the cxothermic peak was absent (Ppg. = 0.00 atm) and the one in which it was
present (Fepx = 030 atm). The specimens were heated in the apparatus of differential
thermal gas analysis (DTGA) i flowinz helivm-earbon dioxide mixed atmospheres
and quenched from various lemperatores for powder X-ray diffraction, infrared
spectrum and compesitional analysex. The carbon monoxide evolved from the spec-
imen was measured quantatively.

Fig- 1. Trinsmission clactron micrograph of hydromagnesile.
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EXPERIMENTAL

Specimen

Rcagent arade basic magnesium carbonate (Wako Pare Chemical Industrics.
Lid.. Japan) vwas used. The MgO:CO:H O mitio {1.00:0.75:0.96} lrom the com-
positional analysis was only slightly differcnt from that of the purc hydromagnesite
4MegCO, - Mg(OH) »- 4H.O (1.00:0.50:1.00). The X.ray difiraction pattern showed
broad peaks from which the crysialfite size, ~200-1000 A, was estimated. The -
spacings apreed with the reported indices for kyvdromagnesite”. The specinmien was a
plaicict of ~0.2-1.0 am in length. Electron diffraction revealed that cach particte was
polyerystalline. The transmission ¢lectron microgeaph of the spechmen is presenicd in
Fiz. 1.

Differential thermal sas analyvsis

The DTGA was developed by Mizutani and Kato'®. The reactor gas was pre-
parcid from Ecliuny and carbon dioxide in a gas mixing apparatus with partial pressure
of carbon dioxide {Pcg,) of 0.00-1.00 atm. 2 totai pressure of 1.0 2tm and a flow rate
of 30 mi‘min. The specimen was healed in the gzas siceam at a heating rate of $.9 "C/
min. Gas cvolution from the speamen was delermined in siti from the change of the
thermal conductivity of the reactor gas. A wrap {(P.OQ; or NaOHR) could be inseried
before the thermal copductivity detcctor in the gas flow sysiem to determine the gas
specics in Lthe cvolved gas.

To study the effect of packing. the specinen was placed in iwo wavs. 1n the first,
which was the onc used for the mosi part in this study, the specimen was placed in a
platinzm container. The reacior gas was passed over the specimen. In the sccond
mecthod, the specimen { ~ 25 ma) was dispersed i silica wool and was placed in a3
platinum ubular container (3 mm diam. - 30 mm). The gas was passed through the
CONIAINCT.

The specimen was qucnched frem the various lemperaturcs during the heating
process Tor powder X-may dillraction, mirared spectirum and compositonal ansiyscs.

Differeniial shermal analysis amd thernwogracimerry

The decomposition process was studied with 2 DTA-TG apparaius (Ixpc
M$076, Rigaku Denki Co.. Japan) in a carbon dioxidc aimosphere with specaimen
weight of 7.5 mgz. a Pcn: of 1.00 a1m. a totat pressure of 1.0 aum. a flow rate of
~30 mi‘min z2nd a heating rate of 10 "C/min.

Powder X-ray diffraction onalysis

The structural changes of 1he quenched specimen were examined by a powder
X-ray diffractometer (Philips Co.} with a Cu larget_ a Ni filler and a scanning specd
20 == 207 fmin. The crystallite sizes were estimated from the peak widths by Jones™
method*?. The Iattice strain was neglecied. MgO prepared by decomposing hydro-
magnesite at 1100 *C for 1 h was vsed as 2 standard.
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Infrared spectrim analysis

The infrared spectrograph was recorded at room temperature on an IR-G type
of Japan Speciroscopic Co., Japan. Approximailely 0.1 mg speaimen was mixed with
~ 200 mg KBr and.pressed into a pellet. References were natural magnesite (Korca)
and MzO prepared by calcining the hydromagnesite at 1100 “C.

Composirtional analyscs

The carbon contents of the decomposed specimens were measured with a C-
clementary analysis apparatus. The specimen was heated at 850 °C for 5 min in a
helium-~-oxy¥gen mixture (mixing ratio 9:1) and the amount of carbon dioxide were
quantitatively measured with a gas chromatozraph.

Carhon monoxide analyses

The concentration of carbon monoxide in the reactor gas from the DTGA was
determined after the walter vapor was removed with a P:O; trap. with a Kilagawa-
iype zas detective tube (No. J06FB, Komyo Rikagaku Industry Co., Japan) and a
calcia-siabilized zinconia oxysen sensor (C5Z) operated at ~330 °C.

In the first method, the zas was introduced (o 3 column filled with a carbon
monoxide-sensitive reagent. K.Pd(SO,):. Carbon monoxide aosoroed by the reagent
changes its color from white to yellow forming a boundary or color change. Alter a
specified period, the gas flow was swilched to a new column; altogether 7 columns
were used. The amount of carbon monexide in cach column was determined from the
colored region of ihe reagent.

in the second method. the carbon monoxide concentration was measured in-
directly ; c\olulion of carbon monoxide from the specimen affects the equilibrium
CO.3=CO -+ !
in the reactor zas (CO‘ =~ He). chanﬂm-' the EMF of the CSZ ccll. The amount of
carbon monoxide was csum:m:d nsing 3 predetermined relation between the EME
and the concentration of carbon monoxide in the gas_

Mo carbon monoxide was detected in 2 blank test by cither methed. The detectors
were calibrated with known amounts of carbon monoxide prepared by the decomposi-
tion of CaC.0,; - 3H.O at ~400°C.

To obtain 2 more generalized knowledze on the carbon monoxide evolved in
the decarbonation process, a few Lypes of carbonate compound (precipitated calcium
carbonate, super reagent grade, Wako Pure Chemical Industrics Ltd., Japan and
natural magncsite from Korca) were decomposed under similar experimental
condiions.

RESULTS
Therrral anal-ses

DTGA resulis for two 1ypical decomposition processes are shown in Fig. 2A
and B. A P:Q; trap absorbed the gas evolved from the specimen at ~ 100-300 °C.
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Fig. 2. Differential thermal gas analvsis (DTG A) and diiferontizl therma] analvis (DTA) for Bydre-
magncsite 3l vanious parlial pressurcs ( Peec ) of carbon dioxidc.

hydnomapneiite at varioos parfizl pressurcs (P, - ) of carbon dioxsde. Aimoshere, misture of heliom
and corbon giosidc . fodal pressurc. 1.0 atm: g2 Booe refe. 30 mi min.

A and B, DTFGA Gpecimen weight, 23 meg: haaling milc. 59 'Cmin. AL P.. 09 aim;
B P . =05Dam - Mo trap muontad bofore the themal conductivie 5 detodor: — —_ Po0);
ap inseried; - - -, WaOH iap insartod; & quenching Icnpcratare R powder X-ray diffraction
analysis and infrared speciroscopy, Fhe gas ¢volved 2~ JOG-300 "C was watcr w2por and that 2y
~s 350-650 ‘C wae carbon dioxide C. DTA fspocimen weight. 7.3 mg: heating sate. 10 C'min:
P(-= = lm =lmjp

Fie. 3. Amalytical CO . MeD miolar ratio for doecompesacd hyvdromapnecits. Specinnen weight. 35 myg:
hcaling rate, 3.9 "C. min: gas fow rate, 30 mimin. V.., - molar amount of CO; in the speamen:
Muzo = molar amoant of MgO in the specimen. A, belium atmosphere, P, - 000 zim: B,
belivm-—carbon dioxide sixod stmosphere, £, . - 850 2tm.

A NaOH trap abzorbed the gas evolved both ar ~100-300 'C and ~ 300-650 C.
Dehydration took place at ~ 100-308 "C and decarbonation at ~300-650 C. The
amounis of carbon in the specimen quenched from various temperatures are shown
in Fig. 3. Results of DTGA were in good agreement with those of the compositional
changes, the weight loss of the quenched specimens and thermogranimetry.

The decarbonation was strongly aflected by Prys. Al low Ppga (Fig. 2AY. onlv
one decarbonation peak appeared in DTGA. At high P, (Fig. 28). three decar-
bonation stages could be distinguished, - 330-510 "'C, ~320 "C and ~330-650 'C.
T he relative amount of gas evolved in cach stage was approximately 35:5:60.

Results of DTA under the same experimental conditions as those shown in
Fige. 2B are presented in Fig, 2C. The evolutions of carbon dioxide at ~330-310 °C
and ~530-650 "C were endothermic and the peak temperatures increased with in-
creasing Peos. The rapid evolution of carbon dioxide was accompanied by a sharp
exothermic peak in DTA. This peak temperature was approximately constant with
Peroy- The peak temperature ¥5. Peg, is presenied in Fig. 4. it shouid be noted that the
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Fiz * Pk iemperature of differeningl thermal gas analysic (DTGA) vs. panial pressure of carbon
dioxide (P, ) for hydromagmcsite. Spocimen weight. 23 myg: heating rate. 3.9 'C'min: atmosphere,
mixinre of kclivm and carbon dioside: total pressore. 1.0 aim; gas flow rte. 30 mi ‘min. Only the
paaks comvosponding (o oveletion of carbon dioxide 21 P> 7- 0.20 aim are indicatad.

Fig. 5. Heating rate v< padizl pressure of carbon dioxide (F,.3) and the excuricnee of rapid gas
evolution lfor hydromagncsite. <. Rapid @ evolution occorrcd at 330 °C: 5. only a3 traoe appeancd
X, no Irzec appegred.

tempenature dependence of the peak at ~320 °C was different [rom those at
~330-510 "Cand ~330-630 "C. The complication in the DTGA profile was observed
at P> = ~0.03-0.15atm.

The cflects of Peo™ and the heating rate on the occurrence of the rapid gas
evoluiion is shown in Fiz. 5. High P," and hizh heating rate was favorable for rapid
eas evolution.

Rapid g2s evolution did not take place in the specimen dispersed in silica wool.
There was no other noticeable difference in the profile of the DTGA curve.

Decompaosition at Peo, — 0.00 atm

M-Ray powder diffraction X-Ray powder diffraction patlerns on the quenched
speamens n a hefiom atmosphere (Pogax = 0.00 atm) are given in Fig. 6. No change
was found under ~ 100 *C while no decomposilion started. As dchydration procecded
at ~ 100-300 *C, the spccimen retained hydromagnesite structures. However, peak
broadening and decrease n the peak mtensity were observed. When the dehydration
was completed at ~300 "C, an amorphous diffraction pattern was obsenved. As
decarbonation proceeded at ~300-330 “C, the specimen retained an amorphous
pattern. A non-crystalline pattern was found by eleciron diffraction. Finally, faim
MzO peaks appeared at ~300 “C when decarbonation was completed. The peaks
became sharper and stronger as the temperature increased. The MsCO; pattern was
never detected throughout the decomposition process in a helium atmosphere.
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Fig. 6. X-Ray powder dilfraction paticrs for hydromagnesite decomposed in a helivm atmosphere.

Infrarcd specira Infrared specira on the quenched specimens in a helium al-
mosphere (Peq, == 0.00 atm) arc shown in Fig. 7. Hydromagnesite showed a pair of
strong splits assizgned 1o CO; ~ vyassymmetric sirctiching vibrationsat ~ 1420-1450cm ™"
(12-15), three absorplion bands assigned to CO3~ bending vibrations at ~300. ~ 8350
and ~880 cm~* (13-15), of which the anc at ~800 cm~ " was the strongest (16), and
an absorption band at ~ 1120 cm™? assigned to CO5™ v, symmetric streiching vibra-
tion (12). The absorption at ~2900-3700 cm~"! duc 10 H,O or OH vibrations {12)
is not discussed in the present paper since no significant change was found. No change
was found up to ~ 100 “C. As dchydration proceeded at ~ 100-300 "C, the hydro-
magnesite spectrum was retained. but the three absorption bands a1 ~800, ~-530 and
~- 800 em~* and the pair of splits a1 ~1420-1480 cm~ " became gradually obscure.
At 300 "C. where the dehvdration was compleled. the absorption band at ~ 580 em™!
had disappeared and the pair of splils changed info onc absorption band. As decar-
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Fig 7. Infrarcd spocira for hydromagnesite decompered in 3 helium atmosphere. The spocirum of
MgO, preparcd by cakining the hydromagnesite 3t 1100 °C, s prosented for reference.

bonation procceded at ~300-500 °C. only one of the thrce absorption bands
(~830 cm~?) was retained at 413 "C. suggesting an increase of symmelry in the
carbonate radical. A new absorplion band appeared at ~ 1300 cm™ !, close to the
position where the pair of splits at ~ 1420-1430 ¢cm™* had once exisied. This spectrum
was different from that of MeCO;. In the following, this phase will be reféerred to as
the “lower carbonate phasc™. The spectrum at 323 "C showed the intermedizte of the
hydromagncsite and the lower carbonate phase. The spectrum was similar to that of
MgO afier the decarbonation was completed at 300 "C. The MgCQ, spectrum was
ncyver obscrved throughout the decomposition process in this atmospherc.

Decomposition at Py » = 0.50 atm

X-Ray powder diffraction X-Ray powdcr diffraction patterns of the quenched
specimens in 2 helivm-carbon dioxide atmosphere (Peo> = 0.30 atm) are given in
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Fig 5. X-Ray powdcr dilfraction patierns for hydromagncsite decomposed in 3 helium -—carbon dioxide
mived atmozphere (P . = L350 31m)L

Fiz. 8. The decompaosition behavior was samce as that in a heliom atmosphere up to
~ 300 °C where dehydration was compleled with an amorphous X-ray pattern. The
amorphous pattern was preserved while decarbonation proceceded at ~400-300 “C.
At the end of the decarbonation process {( ~300 “C). two faint broad peaks corre-
sponding to the (200) and (220) difiraction of M20 (20 —= 42.94 and 62.68) appearcd.
The specimen quenched immediately after the rapid evolution of carbon dioxide
showed the MgCO, pattern (525 “C). As the decarbonation proceeded at higher tem-
perature, the MzCO, diffraction peaks became weaker and broader. The skint of
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Fic. 9. Inffancd specing for hydremammcitc docomposad in 3 hodivm -carbon Jioxidc mixed aimos-
phere { P, > == 0.50 atm). The spextnem of MgC0; = prosnitcd for neference.

AM=2C0; diflraction peak at 43.02° wag brozdened by virtee of the superimposced faint
M=O difiraction peak at 32947, The MgCO; diffraction peaks at 61,539, 62.40 and
6343 could not be separated from the background of the MgQO dilfraction peak at
62 68" The M2O pattern was clearly ebserved after the devarbonation was completed
above 630 “C: MzO difflraction pcaks beeame sharper and stronger with incrcasing
femperaipre.

The specimen dispersed in silica wool and quenched from 320 °C showed the
Mz2CO; diffraction pattern.

Infrared specira Inlmarned specira on the quenched specimens in a helium-carbon
dioxide gtmosphere {Pen. ++ 0.30 atm} arc shown in Fig. 9. The process was the same
as that in a hchium atmosphere up 0 ~ 300 "C where the dehydration was completed
with the hyvdromagnesite spectrum with three zbsorption bands at ~800, ~850 and
~880 cm™* and a slightly obscure pair of splits 2t ~ 1420 and ~ 1450 cm™". Dehydra-
tion did not affect the absorplion of the carbonate radwicals. As decarbonation
proceeded at ~300-310 “C, the spectrum of the lower carbonate phase was observed
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Fig. 10. The crysiafliic sircs for the decomposcd hydromagnesite. . - - -- Helivm atmosphere.

FPruz = 000 atm; & - hclivum -carbon diosidce mived 2tmosphere. £ - - - 0.50 2im. H. Hy-
dromagmesitc (SMgCO,-MetOH)-2H A M. magrcsitc (MgC0;); P, periclase (MgO). The orys-
tallite sires were detcrmined from the poik widths of the X-ray dilfraction peaks,

more clearly than in a helium aimosphere. A noticeable change in the mtensily was
found alter this stage. The specimen quenched immediately after the rapid evolution
of carbon dioxide { ~ 5323 "C) showed a new spectrum which was identified as Mz=CO,.
The absorplion band a1 ~880cm~ ¥ was assigned Lo r, out-of-planc bending vibration
of CO3~ in Me2CO,. the absorption band at ~ 1420 cm™! to r, asymmetric vibration
of CO3~ in MzCO; and that at ~ 740 cm~ ! 10 r,, planar bending vibration of CO3-
in MgCQ, although the intensity was weak. The absorption band of the lower car-
bonate spectrum at ~ 1500 em™ ! disappeared but that at ~ 1420 cm™ ' was preserved.
The absorption band at ~830cm™"' in the lower carbonate spectrum disappeared and
insicad the absorption band at ~880 cm™' appeared. suggesting the increase of force
constant for CO3~ r, out-of-planc bending vibration. The absorption band at
~ 3120 cm™?!, assigned to COI- r, symmelric siretching vibration (12) in hydro-
magnesite and the lower carbonate. was not found in M2CQO,. When the decarbona-
tion was completed above ~ 600 “C, the MzCO, spectrum disappeared and the spec-
trum became similar 1o that of Ma2O.

The MeCQO, spectrum was also obscrved in the specimen which was dispersed
in silica wool and was quenched lrom ~ 320 °C.

The crysiallite sizes for the decomposed specimens are given in Fig. 10. The
crystallite sizes for hydromagnesite and M2CO, decreased during the decompaosition
process although the deviations were larze. The crystallite size of MgCO, ( ~400 A).
which appeared suddenly at ~320 "C. was approximately equal to those of hydro-
magnesite ( ~300-530 A) but much greater than those of MgO { ~50-110 A). Grain
grovwth of MgO was clearly observed above 500 “C. The grain srowth behavior was
indcpendent of the partial pressure of carbon dioxide.

Results of the thermal decomposition processes are summanzed in Fig. 11 for
different partial pressures (Pegy = 0.00 and 0.30 atm) of carbon dioxide.
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Fig. 12. Amouni of carbon monoxide cvphed from hydromagnosite determined with Kitagavwa-iype
g2s defection tute. Specimen weight. 18D my: heating rate. 89 " Comin: almosphere, mixture of belium
and carbon dioxpdc: gas flow ratc, 50 ml'min: P, .. 0.50 atm. Each deicctor except the linst was uscd
for 1.5 min; only the inteyrzl amount during this period was desermined. The horizontal line shows
the femperzivre of the spocimcn in this perigd. The vortical line shows 1he ingocurscy in dolcrmining
the amount of rbon moooxiade lrom the color chanec. The first dotacior w3s iscd untif the color
change was o in the colommn gt 230 °CL

Fiz 13. Ditferentizl tharmal g analyis (DTG A)Y Tor hvdromenesie deiecied with thermal con-
doctivity Milector and Gakig-stabilizced sirvconiz o) oxyger semsor. A, Detecied with thermal
conductivity detoacior (TCD): B, dotectad with calcia-stabilined zivconia ool oxypen sensor-
Specimen weight,. 190 mg: heating rate, §.9 "C/min; 2tmosphere, mixture of helium and carbon
© dioxide; Pz = 0.50 3tm-
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Analysis on evolved carbon monoxide

The amount of carbon monoxide, measured with a Kitagawa type gas detection
tube, is shiown in Fiz. 12 3nd that measured with a2 CSZ cell is shown in Fig. 13. In
Fiz. 13, thc amount of carbon Jdioside measured with 2 thermal conductivily defecfor
is also presented. Carbon monoxide was evolved at ~200-750 *C. The decomposition
processfollowed by both methads were essentially same. However, much more detailed
information on the process was ablained by the method using a CSZ el (Fige 13).
This mecthod ake enabled ps 1o mopitor the decomposition process continuounsly.
Figure 13 shows thal the carbon monoxide and carbon dioxide were cvolved simul-
1ancously and rato of CO,CO, was approximaicly constant at ~400-630 *C. The
apparcat evolution of carbon monoside at ihe high temperature (- 630 °'C in Fig. 13)
was duc to flucluation of the instrument. The evolulion of carbon monoxide at low
Iemperatyre {<0 400 "CY was notl accompanicd by the evolution of carbon dioxide.
The actual value of the ratio was estimated from the resolt shown in Fig. 12 and the
peak area in Fiz. 3. Both methods gave essentiaily the same reselts (~ 171000). The
ratios in other carbonate compounds (CaCO, and MgCO;) were found 1o be approx-
imately constant { ~ 171000},

DISCLSHONX

The ralc of decarbonatiop was reduced by a high Pegs. High Pegs applicd
externally was the simplest case. In addition 1o this. high P, was also created around
the specimen (so-called self-eencrated almosphere) when the specimen powder was
densely packed or the haating rale excecded the mate of ventilation. Hizh heating rate
also shoriened the cffective period for lime-dependent decomposition processes, such
as diffusion, to occor, and a large part of the specimen was presenved without decom-
position up o hizher lemperature.

The composition of the specimen al ~ 500 "C at Frq. -~ 0.30 alm was approx-
imately 2.6 {MgCO,} - 3.2 (MgO}). Faim X-ray diffraction praks of M2Q at ~3500 *C
indicates that the specimen ot this temperatlure was helerogeneous, consisting of
crystafline MgO (crystallite size ~ 30 A) and an amorphous phase including magne-
stum carbonate. The siructure of the amorphous carbonate is only partially un-
derstoed. High symmetry of CO3~ ion simifar to that of MgCO, was cxpected since
only one CO3™ r. out-of plane bending vibration was observed in the infrared spec-
trum. while hydromagnesile showed three r, vibration modes. However, the force
constant of CO3~ in the amorphous carbonate was lower than that in MgCO;- The
high crystallization rate of MgCQO, indicates that only short-range transport of ions
was involved in the process. This is consistenl with the results that MgCO, (crystallite
size ~400 A) was crystailized only from the amorphaus phase of high CO3™ concen-
fration.

It was concloded in our previous paper! that the process which Jeads (o the
exathermic phenomenon was initiated in a compressed specimen and was spread
rapidiy to the other parts of the specimen. When Lhe specimen was placed under a
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temperature gradient, the crystallization was initiated at a microregion where the
temperature was maximum and the heat of crystallization was transferred to the other
parts of the specimen to trigger the further crystallization in a very short period of
time. When the specimen was dispersed in silica wool, the rapid evolution of carbon
diexide was not generated even though arystallization teok place. It was explained in
this case that the heat was transferred 10 the surroundings.

The rapid evolution of carbon dioxide 1s consistent with those reporicd by
Hashimoto ¢t al.* and Haland and Heide™ .

A sct of phenomena, the cvolution of heat and carbon dioxide and crystalliza-
tion of MgCO;, can be understood when the following steps are assumed.

{1) The transformation of MgCO,; from thc amorphous phase to the crysialline
phase takes place with a substantial heat of erystallization.

(2) The temperature of the specimen ncreases sharply when the specimen ix
packed tightly. The temperature rise in the specimen dispersed in silica wool is much
smaller since the heat of erystallization will diffuse away into the survounding medium.

{3) The decomposition ol fresh MeCO; is highly temperature dependent: a
drastic imcrease in the decomposition rale resulted from a shght emperature risc in
the specimen.

Occurrence of the crystallization of MgCO, was supported by the result of
X-ray diffiraction analysis on the specimens which were quenched before and afier the
evolution of heat and carban dioxide. This result ix also consistent with those of D2l
and Weller2, Morandi® and Tomisawa et 212, The temperature at which the phenom-
cnon took place was not affected by the partial pressure of carbon dioxide (Fig. 4).
This result strongly suggests that the phenomenon is triggered not by a chemical reac-
tion governed by the mass action law, but by a structural change. When the speaimen
wis dispersed in silica wool, the arystullization of MgCO, took place without involving
the set of phenomena.

The pewly formed MgCO, did not decompose at ~3520 "C. 1t decomposcd
rapidly at higher lemperatures {( ~330-630 "C at Peg; - 0.30 atm} (Fig. 2B). U is
tierefore expecied that the rapid evolution of carbon dioxide only takes place when
the actual specimen temposature is in the iemperature range for decarbonation men-
tioncd above. The decarbonation process during the rapid 2a< evolution s probably
same a5 that of the normal decarbonalion reaction. The decompasition of carbonates
is 2n endothermic reaction so that the heat of arystallization will also be offset by the
rapid decarbonation.

Faint M2O pezks were observed at ~ 300 "C (Fig. §) before the exothermic
phenomenon. No significant increase of MpO peak intensity was found during the
exothermic phenomenon. These nesults show that the crystallization of MgO s not
responsible for the esothermic phenomenon. The results of Back® and Hashimoto
et al.® were questionable. They probably failed 10 quench the specimen at the right
fime_

Evxolution of carbon monoxide was found, however, and the concentration was
smaller than that reported by Suzuki et al.*. Approximately the same amount of car-
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bon monoxide was found in the decompasition of CaCO, and MgCO; 1n our exper-
iments. This suggests that the evolution of a minute amount of carbon monoxide is
common in the thermal decompasition of carbonate compounds.

An analogous exothermic phenomenon was reported for nesquchonite

MegCO, - 3H.Q (2, 3, 5 and 17-19) oa which we will report in the ncar future.
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