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ABSTRACT

The thermal decomposition of hydromagnesite, 4MzCO, -,lg(OH)_ - 4H-O,
was studied under two typical experimental conditions . the condition in which an
exothermic phenomenon at -520 'C was absent (Pm: z 0.00 arm) and the one in
which it was present (Pco. --= 0.50 atm)-

The specimen formed an amorphous phase including a lower carbonate inter-
mediate after dehydration was completed at -300'C . At Peo . ~ 0.00 arm. decar-
bonation proceeded and MgO was formed at -» SOOt . At Pco,_ = 0.50 atm, crystalli-
zation of MgCO 3, the evolution of heat and a rapid evolution of carbon dioxide took
place coincidentally at -520'C. The MgCO, was ecomposed at higher temperatures.

A model was proposed to explain the exothermic phenomenon ; the crystal-
lization of MgCO3 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 .

ttnODuCTtoo

The thermal decomposition of hydromagnesitc, 4MgCO3 - Mtg(OH). - 4H .0,
proceeds via dehydration and decarbonation to MgO_ A curious exothermic phenom-
enon was found at -500 'C in the decarbonation process . The decomposition process,
especially the exothermic phenomenon, was strongly affected by the experimental
conditions. In a previous paper', the necessary conditions far the occurrence of the
exothermic phenomenon were established, a high partial pressure of carbon dioxide
(Per,) was required-

The exothermic phenomenon was explained by various mechanisms. Dell and
Weller2 and Morandi3 proposed the crystallization of MgCO3 since they detected the
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X-ray diffraction pattern of NIgCO, in the specimen quenched immediately after the
exothermic phenomenon took place Tomizaw-a ct alt showed the correlation between
the intensity of the exothermic peak and those of the MgCO3 X-ray diffraction peaks.
Beck' and Hashimoto et at' proposed the crystallization of MgO from their results of
X-ray diffraction on the quenched specimen_ Hashimoto et al.° and H61and and
Heide, reported the rapid evolution of carbon dioxide at --300 `C_ Recently, Suzuki
et al-' detected the evolution of carbon monoxide from hydromagnesite, in amounts
which were much greater than expected from the equilibrium between CO_ . CO and
O_. The, explained that the crystallization of NJ,-CO 3 triggered cxpiosiwr combustion
of carbon monoxide causing the exothermic phenomenon .

In the present paper, the thermal decomposition process was studied by compar-
ing the structural changes under two typical experimental conditions ; the condition in
which the cxothcnnic peak was absent (Ps_ -- 0.00 aim) and the one in which it was
present (11m_ _- 0-30 aim)- The specimens were heated in the apparatus of differential
thermal gas analysis (DTGA) in flowing helium-carbon dioxide mixed atmospheres
and quenched from various temperatures for powder X-ray diffraction, infrared
spectrum and compositional analy The carbon monoxide evolved from the spec-
imen was, measured quantatively .

Fig. L Transmi on dccnen micrognph of hydromagnesitc
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Specimen
4Reagent grade basic magnesium carbonate (Wako Pure Chemical Industries .
Ltd .. Japan) was used_ The hl-0_CO,_HO ratio (Iix);0_75_0_96) from the corn-
positional analysis was only slightly different from that of the pure hydromagnesite
M1gCO,, - MMg(OH) 2 41120 (l_00.0.S0.IA0). The X-ray diffraction Pattern showed

broad peaks from which the crystallite size, -2UO--1000 A . was estimated_ The d-
spacings agreed with the reported indices for hvdrnmagnesite"_ The specimen was a
platelet of -0_2-1_O !tm in length_ Electron diffraction reveated that each particle was
polycrystalline- The transmission electron micrograph of the specimen is presented in
Fig. I-

Ajerenria! drernwl gas arurltsix
The DTGA was developed by hfizutani and Katar°_ The reactor gas Bras prc-

pared from helium and carbon dioxide in a gas mixing apparatus with partial pressure
of carbon dioxide (Pro_) of 0.00-1.00 atm. a total pressure of I .0 atm and a flow rate
of 30 mhmin. The specimen -.- ;is heated in the gas stream at a heating rate of S.9 `C$
min_ Gas evolution from the specimen was determined in situ from the change of the
thermal conductivity of the reactor gas- A trap (P_O$ or NaOH) could be inserted
before the thermal conductivity detector in the gas flow system to determine the gas
species in the evolved gas .

To study the effect of packing. the specimen was placed in two ways_ In the first,
which was the one used for the most part in this study, the specimen ryas placed in a
platinum container. The reactor gas was passed over the specimen . In the second
method. the specimen (-25 mg) was dispersed in silica wool and was placed in a
platinum tubular container (5 mm diam . -.30 mm). The gas was passed through the
container.

The specimen was quenched from the Carious temperatures during the heating
process for powder X-ray diffraction, infrared spectrum and compositional analyses,

Differential thermal analit aar/ tlrermna,rarinwtri-
The decomposition process was studied with a DTA TG apparatus (type

M8076, Rigaku Denki Co_ Japan) in a carbon dioxide atmosphere with specimen
weight of 7_5 mg. a Pq,, .- of 1_00 arm- a total pressure of c .0 arm, a flow rate of
-30m1/minand a healing rate of 10 °CSmin_

Powder X-mv diffrardon analysis
The structural changes of the quenched specimen %vere examined by a powder

X-ray difractomctcr (Philips Co_) with a Cu target, a Ni filter and a scanning speed
20 = 2O';min. The crystallite sizes were estimated from the peak widths by Jones'
methods' . The lattice strain was neglected. %lgO prepared by decomposing hydro-
magnesitc at 1100 'C for I h was used as a standard_
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Infrared spectrrarr anal ysis
The infrared spectrograph was recorded at room temperature on an IR-G type

of Japan Spectroscopic Co-, Japan . Approximately 0_1 mg specimen was mixed with
- 200 mg KBr and-aresscd into a pellet. References were natural magnesite (Korea)
and Mg0 prepared by calcining the hydromagnesite at 1100 `C.

Conrposirional analyses
The carbon contents of the decomposed specimens were measured with a C-

elementary analysis apparatus- The specimen was heated at $50 'C for S min in a
helium-oxygen mixture (mixing ratio 9 :1) and the amount of carbon dioxide were
quantitatively measured with a gas chromatograph .

Carbon monoxide analyses
The concentration of carbon monoxide in the reactor gas from the DTGA was

determined after the water vapor was removed with a P_O.,, trap_ with a ICitagawa-
type gas detective tube (No. IQOFB, Komyo Rikagaku Industry Co., Japan) and a
catcia-stabilized zirconia oxy;cn sensor (CSZ) operated at -0.50'C .

In the first method, the gas was introduced to a column filled with a carbon
monoxide-sensitive reagent. K_Pd(SO,)_- Carbon monoxide absorbed by the reagent
changes its color from white to _yellow forming a boundary or color change. After a
specified period. the gas flow was switched to a new column ; ahogether 7 columns
were used. The amount of carbon monoxide in each column was determined from the
colored region of the reagent.

In the second method . the carbon monoxide concentration was measured in-
directly ; evolution of carbon monoxide from the specimen affects the equilibrium
CO, ;'- CO ! 0=
in the reactor gas (CO, -- He). changing the EMF of the CSZ cell_ The amount of
carbon monoxide was estimated using a predetermined relation between the EMF
and the concentration of carbon monoxide in the gas-

No carbon monoxide was detected in a blank test byeithermethod_ The detectors
acre calibratecr with known amounts ofcarbon monoxide prepared by the decomposi-
tion of CaC,O4 .3H_0 at -.400'C

To obtain a more generalized knowledge on the carbon monoxide evolved in
the dccarbonation process, a few types of carbonate compound (precipitated calcium
carbonate, super reagent grade, Wako Pure Chemical Industries Ltd, Japan and
natural magncsite from Korea) were decomposed under similar experimental
conditions.

RESULTS

Thermal wwl't ws
DTGA results for two typical decomposition processes are shown in Fig. 2A

and B. A P_% trap absorbed the gas evolved from the specimen at - 100-300 'C.



temperature CC)

For, ? Differential thermal gas anaN-sis (DTGA) and ditrcrcntiat thermal arzsh sn (DTAI for hntra--
maprcxitc as carious partial prcs arcs CP.,r_f of carbon diaxid .
h5'dromaynesire at carious partial pressures f Pr,,,) ofcarbon dioxide Atmosphere. mixture of ftdium
and carbon dioxide ; total picssurc. 1 .0 atm ; gas now rare. 5D ml "min.
A and B. DTGA tspccimcn aright. 25 mg_ haling rate 59 'C min ~ A . P... COO aim ;
0. Pea - 050 atzn-

	

:\o trap inserted before the thermal cnnductiaxc dcvccwr : --

	

p,;()y
trap irtscncd ; ---. NO" :rap inscrtcd-- A. quenching lcmpcratwre far powder X-ray diffraction
analysis and infrared speciruscnp}. The =as cvoftcd at + 100:W 'C was water vapor and that at
--150-650'C was carbon dioxide_ C . DTA (specimen aright. S_5 mg; heating rate_ 10 C'min ;
Pr„; M M atm).

Fir- 3_ Analytical CO R: AtrC molar ratio (or dccnmpnsed h)'dramasnccitc . Specimen weight_ 33 m--
heating rate . 5.9 'C;min. gas now raft. 30 mbmin . 1I _ molar amount of CO, in the specimen_
,Staten - molar amount of 11gO in the specimen . A. helium atmosphere, P,_ .y - (L00 atm_ nW
bchium-carbon dioxide mixed stmnspherc P: = 00atm.

A NaOH trap absorbed the gas evoked both at - 100-300 `C and -3W-650 C.
Dehydration took place at -. 100-300 'C and dccarbonation at -300-650 - C- The
amounts of carbon in the specimen quenched from various tempcr hires are shown
in fig_ 3_ Results of DTGA were in good aert~een.nt with those of the compositional
changes, the weight toss or the quenched specimens and thermoeravimciry ..

The decarbonation was strongly affected by P er„_ At low P,-0 (Fie. 2A)- only
one decarbonation peak appeared in DTGA- ski high Pr,,, (Fig . 28). three decar-
bonation stages could be distinguished . 350--5I0 "C. -520 `C and -530-650 'C
The relative amount of gas evolved in each stage was approximately 35 .5;60.

Results of DTA under the same experimental conditions as those show-n in
Fig. 2B are presented in Fig . 2C- The evolution% of carbon dioxide at -350-510 `C
and -530-650'C one endothermic and the peak temperatures increased with in-
creasing Pro,. The rapid evolution of carbon dioxide vvas accompanied by a sharp
exothermic peak in DTA_ This peak temperature was approximately constant with
Pea_. The peak temperature vs Pep- is presented in Fig- 4_ It shouid be noted that the

39



50

-F:
20

b la
0c 5
0
W
t

I

I
)MOM O O O CO O

X X x

I I 1
o 02 04 046 08 1o

PCOZ Latin)

Fir S_ FL-ak temperature: of diltcrcntial thermal gas analysis (DTOA) is partial pressure or carbon
dioxide IP3) for h24romagncsitc. Spccinkn %eight. 25 mg: heating rate. $9 'C:'min: atmosphere.
mixture of helium and carbon diocidc : total pressure. 1 .0 aim : gas flow- rate_ 30 ml -min. Only the
peaks corresponding to cr olution ofcarton dioxide at Pte_ <- 020 aim arc indicated_
Fig. 3_ heating me ax partial pressure of carbon dioxide (P.1) and the occurrcnec of rapid Las
eaolution for bydromagncsitc. Rapid as crolution occurred at 3_0 'C; _- only a tract appeared :
X. no trace appctred-

temperature dependence of the peak at -520'C was different from those at
-350-510 'C and -530-650 'C. The complication in the DTGA prof lie was observed
at Pco_ = -0_05-0.15 atm.

The effects of PcW and the heating rate on the occurrence of the rapid gas
evolution is shown in Fig, 5. High Pte;- and high heating rate was favorable for rapid
gas evolution-

RapidRapid gas evolution did not take place in the specimen dispersed in silica wool .
There was no other noticeable dillerence in the profile of the DTGA curve_

Decomposition at PCO, - 0-00 aim

,-Ray pairdrr diffraction X-Rav powder diffraction patterns on the quenched
specimens :n a helium atmosphere (Pco,- --- 0.00 aim) arc given in Fig. 6_ No change
was found under -100 °C while no decomposition started. As dehydration proceeded
at -100-300 "C, the specimen retained hydromagncsitc structures. However, peak
broadening and decrease in the peak intensity were observed . When the dehydration
was completed at -300'C. an amorphous diffraction pattern was observed . As
decarbonation proceeded at -300-459 `C, the specimen retained an amorphous
pattern_ A non-crystalline pattern was found by electron diffraction_ Finally, faint
MgO peaks appeared at -500'C when decarbonation was completed . The peaks
became sharper and stronger as the temperature increased. The MM,-CO, pattern was
never detected throughout the decomposition process in a helium atmosphere.
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hire & X-Ra_y powder diffraction patterns for hhdromasnesite decomposed in a helium atmosphere

Infrared spectra Infrared spectra on the quenched specimens in a helium at-
mosphere (Pa, _- QOO arm) arc shown in Fig 7_ Hydromagncsite showed a pair of
strong splits assigned toCO; - r,assymmctricstrclchingvibrationsat -1120-14SOcfm '
(12-15), three absorption bands assigned to CO3 - bending vibrations at -SM. -S50
and -SW cm- ' (13-15), of which the oncat -$00 cm - ' was the strongest (16), and
an absorption band at-1120 cm ' assigned to CO ; - r, symmetric stretching vibra-
tion (12) . The absorption at -2900-3700 cm - ' due to H_O or OH vibrations (12)
is not discussed in the present paper since no significant change was found_ ,o change
was found up to 100 'C. As dehydration proceeded at •. 100-300 -C, the hydro-
magncsite spectrum was retained. but the three absorption bands at -SCO, -550 and
-500 cm- ' and the pair of splits at .1420-1450 cm- I became gradually obscure_
At 300 'C. where the dehydration was completed. the absorption band at -.580 cm''
had disappeared and the pair of splits changed into one absorption hand . As dear-
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Fir, 7, tnrrxred sppata for hydron apicsitc decomposed in a helium atmosphere The spectrum of
ltig0, pngnrcd b r calcining the hydroni nesite at 1900'C is presented far reference_

bonation proceeded at -300-500 'C. only one of the three absorption bands
(-$50cm't) was retained at 415 'C. suggesting an increase of symmetry in the
carbonate radical_ A nets absorption band appeared at -1300 cm - t, close to the
position where the pair of splits at -1420-1450 cm- r had once existzed . This spectrum
was different from that of McCOj_ In tit-, following. this phase wtill be referred to as
the -lower carbonate phase-. The spectrum at 325 'C showed the intennedi2re of the
hydromagnesitc and the lower carbonate phase_ The spectrum was similar to that of
MgO after the dccarbonation was completed at 300 'C . The MgCO3 spectrum was
never observed throughout the decomposition process in this atmosphere_

Decontposirion ofPc0: ~ 0.50 atm

X--Rar powder diffraction X-Ray powder diffraction patterns of the quenched
specimens in a helium-carbon dioxide atmosphere (Per,_ ~ 0.30 atm) are given in
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Fir,& X-Ray ponder diffraction patterns for hydromapnesite decomposed in a helium-carbon dioxide
mixedatmosphere(P =Q38atm)_

Fg. 8. The decomposition behavior was same as that in a helium atmosphere up to
-300 'C where dehydration was completed with an amorphous X-ray pattern . The
amorphous pattern was preserved while decarbonation proceeded at 400-500 'C .
At the end of the decarbonation process (-500 "C), two faint broad peaks corre-
sponding to the (200) and (220) diffraction of MgO (20 4294 and 626$') appeared .
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 MgCO3 diffraction peaks became wraker and broader . The skirt of
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fig 9. Infrared ,pccira for hi4romaQnesitc decomposed in a hdium-4rhon diasidc mired atmos-
phcrc tPP,, -- 0.50 aimL The w arum of MSCO, is presented for rcfcscacc .

NIgCO3, diffraction peat at 43.0?' was broadened by virtue or the superimposed faint
MtO diffraction peak at 42.94'- The LV_eCOg diffraction peaks at 61 .39, 62-40 and
6.x.44` could not be separated from the background of the NI$O diffraction peak at
6265'_ The Nt»O pattern was clearly observed after the dccarbonatio" was completed
above 630 'C: 111-.4 diffraction peaks became sharper and stronger with increasing
temperature.

The specimen dispersed in silica wool and quenched from 520 'C showed the
MgCO3 diffraction pattern.

Infrared spectra Infrared spectra on the quenched specimens in a helium-carbon
dioxide atmosphere (Fen, F- (150 atm) are shown in FY 9. The process was the same
as that in a helium atmosphere up to -300 'C where the dehydration was completed
with the hydromaenesite spectrum with three absorption bands at -800, -850 and
-880 cm- ' and a slightly obscure pair of splits at -1420 and , l4BOcm' r . Dehydra-
tion did not affect the absorption of the carbonate radicals . As decarbonation
proceeded at -400-510 tCF the spectrum of the lower carbonate phase was observed
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Fig. IO. The eryz:alliic sins or the dm*mposcd hydromagnesitc	Fictium aimosphcre-
Ps,._ -- MOO aim ; *.

	

- hdium-carton diozidc miwcd atmosphcrc_ Ps._ .- 030 aim_ H . tt_r-
dromapteciic i4~7gCO,-17gtt)t1a_-7Fto,; 1t. magnaiic t%t O,t ; P. pcticlasc M$01- The ciys-
talliie sites n -cre determined from the peal aidihs of the -ray diffraction peals .

more clearly than in a helium atmosphere . A noticeable change in the intensity was
found after this stage. The specimen quenched immediately after the rapid evolution
of carbon dioxide(-52-5 'C) showed a new spectrum which was identified as MgCO,.
The absorption band at -$SOcm- ' was assigned to r_ out-of-plane bendingvibration
orCO2 in MgCO,, the absorption band at -1420 cm - ' to r, asymmetric vibration
of COa- in MgCO, and that at -740 cm`' to r„ planar bending vibration of CO ;, -
in %MgCO, although the intensity was weak . The absorption band of the lower car-
bonate spectrum at -1300 cm - ' disappeared but that at --1420 cm- ' was preserved.
The absorption band at -850 cm'' in the lower carbonate spectrum disappeared and
instead the absorption band at -880 cm - ' appearedMsuggcsting the increase of force
constant for COy r_ out-of-plane bending vibration . The absorption band at
-1120 cm-1. assigned to CO r, symmetric stretching vibration (12) in hydro-
magncsite and the lower carbonate. was not found in MgCO3_ When the dccarbona-
tion was completed above -600 `C. the M9gCO3 spectrum disappeared and the spec-
trum became similar to that of MgO_

The McCO, spectrum was also observed in the specimen which was dispersed
in silica wool and was quenched from -5 2J0 'C.

The crystallite sizes for the decomposed specimens are given in Fie. 10. The
crystallite sizes for hydromagnesite and .%1gCO, decreased during the decomposition
process although the deviations were large_ The crystallite size of MgCO 3 (-400 A)_
which appeared suddenly at -520 -C. was approximately equal to those of hydro-
magnesite (-300-550 A) but much greater than those of 1igO (-50-110 A)- Grain
growth of h44O was clearly observed above 500 'C . The grain growth behavior was
independent of the partial pressure of carbon dioxide.

Results of the thermal decomposition praecsscs are summarized in Fig. I I for
different partial pressures (Pen, 0.00 and 0.50 atm) of carbon dioxide.
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èndahecm~ic endothermicA èrdt/hermic
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Fig. 12 Amount of carbon monoxide tossed from hydromagncoite determined with Kitagawa-typc
+gsdnaction m Spccimttt aright_ ISOmg: heating rate- S9 'Cmin: atnwsphcre. mixture of helium
and carbon diosidc ; gas flow rate.:W ml `min : P,,,._ . 0_50 atm_ Each detector csrcpt the first was used
for 7 3 min; onl_r the integral amount during this pcriod was determined. The horizontal lint shows
the Iempcralurc of the st xdmcn in this period.The txukal line shows the inaccuracy in dtetrminingg
the amount of carbon monoxide from the color chance The first detector was used until the color
change way fo' ad in the column at 250 'C

Fig. 13. Dilfcrential thermal gas analysis IDlGA) far h}slromagnmitc detected with thermal con-
ductit ty d,'teetor and rakia-stabilised zinconia cell oxygen sensor_ A. Detected with thermal
sanduetitily det«lor fTCD). 0W detected with ckia-stabilised zircania ell oxygen sensor .
Specimen night. 190 mg; heating rate, 8.9 'C. min ; atmosphcrc, mixture of helium and carbon
dioxide; Per ,_ a Q30 atm.
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Analtsis on ginlred rarhon nionoxidr
The amount ofcarbon monoxide, measured with a hitagawa type gas detection

tube, is shown in FP- 12 and that measured with a CSZ cell is shown in Fig- i -JO- in
Fig. 13, the amount of carbon dioxide measured with a thermal conductivitt detector
is also presented. Carbon monoxide was evolved at - 200-730 "C. The decomposition
process followed by both methods were essentially same_ However, much more detailed
information on the process was obtained by the method using a CSZ cell (Fig 13).
This method also enabled us to monitor the decomposition process continuously-
Figure 13 shows that the carbon monoxide and carbon dioxide were evolved simul-
taneousty and ratio of CO~CO_ was approximately constant at -400-650 'C_ The
apparent evolution of carbon monoxide at the high tcmpcrrture ( :. • 650 ~C in Fig 13)
avers due to fluctuation of the instrument . The evolution of carbon monoxide at low
temperature (-c 400 "CI was not accompanied by the evolution of carbon dioxide_
The actual value of the ratio w-as estimated from the result shown in Ft- 12 and the
peak area in Fig. 13. Both methods gave essentially the same results (-1 ;11100). The
ratios in other carbonate compounds (CaCO, and Nt CO,) were found to be approx-
imately constant( - I ' 1000)_

DISCUSSION

The rate of dcearbonation was reduced by a high Pro• . High Pc_ applied
externally was the simplest case_ In addition to this . high Pcr,_ was also created around
the specimen (so-called sell-generated atmosphere) when the specimen powder was
densely packed or the heating rate exceeded the rate of ventilation . High heating rate
also shortened the effective period for time-dependent decomposition processes, such
as diffusion, to occur, and a large part of the specimen was preserved without decom-
position up to higher temperature .

The composition of the specimen at -300 'C at Fe.. 0.30 am was approx-
imately 2.6 (M_&-CO,) - 32 (MgO)_ Faint X-ray diffraction peaks of MgO at -500 'C
indicates that the specimen at this temperature was heterogeneous, consisting of
crystalline MgO (crystallite size -50 A) and an amorphous phase including magne-
sium carbonate. The structure of the amorphous carbonate is only partially ~un-
derstood. High symmetry of COj ion similar to that of M_gCO, was expected since
only one CO;` r_ out-of plane bending vibration was observed in the infrared spec-
trum, while hydroma_gnesite showed three r . vibration modes. However, the force
constant of COQ - in the amorphous carbonate was lower than that in MgCO,_ The
high crystallization rate of MgCO3 indicates that only short-range transport of ions
was involved in the process_ This is consistent with the results that MgCO, (crystallite
size -400 A) was crystallized only from the amorphous phase of high CO}` concen-

tration-It was concluded in our previous paper' that the process which leads to the
exothermic phenomenon was initiated in a compressed specimen and was spread
rapidly to the other parts of the specimen. When the specimen was placed under a
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temperature gradient, the crystallization was initiated at a microrcgion 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
dioxide was not generated even though crystallization took place . It was explained in
this case that the heat was transferred to the surroundings.

The rapid evolution of carbon dioxide is consistent with those reported by
Hashimoto ct al.° and Holand and Heide _

A set of phenomena, the evolution of heat and carbon dioxide and crstalliza-
tion of McCO„ can be understood when the following steps are assumed .

(1) The transformation of MgCO3 from the amorphous phase to the crystalline
phase takes place with a substantial heat of crystallization_

(2) The temperature of the specimen increases sharply when the specimen is
packed tightly. The temperature rise in the specimen dispersed in silica wool is much
smaller since the heat ofcry-stallization will diffuse away into the surrounding medium_

(3) The decomposition of fresh MZCO, is highly temperature dependent : a
drastic increase in the decomposition rate resulted from a slight temperature rise in
the specimen.

Occurrence of the crystallization of MgCO, was supported by the result of
X-ray diffraction analysis on the specimens which were quenched before and after the
evolution of heat and carbon dioxide_ This result is also consistent with those of Dcll
and %V'eller=. Morandi3 and Tomisawa et al_'_ The temperature at which the phenom-
enon 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 specimen
was dispersed in silica wool . the crystallization of MgCO3, took place without involving
the set otrphenomena-

The newly formed MgCO, did not decompose at -520 "C. It decomposed
rapidly at higher temperatures (-530-650 -C at Pte: 0.50 atm) (Fig . 2B)- It is
tterefore expected that the rapid evolution of carbon dioxide only takes place when
the actual specimen temperature is in the temperature range for decarbonation men-
tioned above. The decarbonation process during the rapid gas evolution is probably
same as that of the normal decarbonation reaction- The decomposition of carbonates
is an endothermic reaction so that the heat of crystallization will also be offset by the
rapid decarbonation_

Faint MgO peaks were observed at -500 'C (Fig . 5) before the exothermic
phenomenon. No significant increase of MgO peak intensity was found during the
exothermic phenomenon. These results show that the crystallization of MgO is not
responsible for the exothermic phenomenon . The results of Beck' and Hashimoto
et aL' were questionable . They probably failed to quench the specimen at the right
time-

Evolution 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 decomposition of CaCO 3 and MgCO3 in our exper-
iments. This suggests that the evolution of a minute amount of carbon monoxide is
common in the thermal decomposition of carbonate compounds .

An analogous exothermic phenomenon was reported for nesquehonitc
A1gCOy - 3H_O (2, 3, 5 and 17-19) on which we "ill report in the near future .
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