
Journal o f  Thermal Analysis, Vol. 20 (1981) 169--174 

A S T U D Y  O F  T H E  K I N E T I C S  O F  T H E  P H A S E  T R A N S I T I O N  
A R A G O N I T E  ~ C A L C I T E  BY D I L A T O M E T R I C  T H E R M A L  

A N A L Y S I S  

N.  D.  TOPOR, L. I. TOLOKONNIKOVA and B. M. KADENATSI 

Department o f  Mineralogy, Lomonosov State University, Moscow 
Institute o f  Chemical Physics o f  the Academy o f  Seienees o f  the U. S. S. R. 

(Received May 6, 1980) 

The first-order phase transition in the system aragonite-calcite (CaCO3) was studied 
with natural and synthetic aragonites. The studies were carried out by dilatometry 
on a derivatograph, under non-isothermal conditions. It was found that the poly- 
morphic transformation of aragonites into calcite is described by the Avrami equation 
l = 1 -- exp ( - -k tn) ,  with the exponent n having a value close to 1. The activation 
energy values found for the aragonites studied were 184-- 205 kJ/mol, while the values 
of the pro-exponential factor z were 10 ~4- 101~ s -1 in the conversion range / = 0.10-  
0.66. 

The sol id-s tate  react ion studied was the t r ans fo rmat ion  of  the rhombic  CaCO e 
modif ica t ion  aragoni te  into the t r igonal  modif icat ion calcite. The t r ans fo rma t ion  
is of  the A~ ~ B~ type and is accompan ied  not  only by the absorp t ion  of  heat ,  
but  also by an increase in the volume of  the initial  sample.  Since the t r ans fo rma-  
t ion of  a ragoni te  into calcite is p ropor t iona l  to the measured  l inear  d i la ta t ion ,  
fo rmal  kinet ic  parameters  character iz ing the process can be calcula ted by means  
of  the plot  d i la ta t ion  of  the sample vs. t empera tu re  [1 ]. 

The kinetics of  such f i rs t-order  sol id-state  t ransi t ions  are usually studied under  
i so thermal  condi t ions  [ 2 - 4 ] .  By using a de r iva tograph  with a d i l a tomet r i c  
a t t achment ,  one can carry  out  the invest igat ion under  a s teady rise of  t empera-  
ture [5, 6]. Wi th  this technique,  the phase t rans i t ion  is recorded  in the form of  
two the rmoana ly t i ca l  curves; the d i la tomet r ic  curve T D  and the derivat ive d i la to-  
met r ic  curve D T D ,  instead of  the usual  T G  and D T G  curves (Fig.  1). 

To de te rmine  the kinet ic  pa ramete r s  of  the phase  t rans i t ion  o f  a ragoni te  in to  
calci te  f rom the thermoana ly t ica l  curves T D  and D T D ,  calcula t ion methods  of  
formal  kinet ics  based on the convers ion were appl ied,  ana logous ly  at for  the rmo-  
analy t ica l  curves associa ted with weight change,  that  is T G  and D T G  curves 
[7, 10]. 

d l  
In  the general  form, the rate  of  the phase  t rans i t ion  -dt- = k  " f ( l )and  the temper-  

a ture -dependence  of  the ra te  cons tant  k = z . e x p  - ~RT for non- i so the rma l  

condi t ions  can be expressed in the fol lowing f o r m :  

J. Thermal AnM. 2), 19~l 



170  T O P O R  et al.:  K I N E T I C S  O F  T H E  P H A S E  T R A N S I T I O N  A R A G O N I T E - C A L C I T E  

d l -  Z e x p (  - E ) 
f( l)  q - ~  dT  (1) 

where l is the conversion of aragonite in the phase transition, l can also be expres- 

sed as l = L--L L~o being the final elongation of the sample after the transforma- 
Zoo ~ 

tion, in mm, and L T the elongation measured in the experiment at the temperature T 
in mm. 

The further symbols in Eq. (1) denote the following: q is the heating rate 
(degree/s), z the pre-exponential factor (s-l), E the activation energy (k J/tool), 
R the universal gas constant = 1.986 cal �9 mol-lK -~, T the temperature (K), 
and f(l) the rate relationship of the formation and growth of the new phase, 
calcite, at the expense of the initial phase, aragonite. 

By integration of Eq. (1) and subsequent taking of logarithms, it is transformed 
into the following form [7]: 

where 
log g(l) - log p(x) = B (2) 

1 

a(1)=f df@), B =  log--RqZE = const. 

o 
1 

_x f e-U and p(x) = e -~- - -~-- du (a tabulated function [8, 9]). 

0 

According to Satava [7], within a narrow temperature interval the plot log g(1) 
1 

vs .~  will be linear only for a correctly selected value off(1), analogously to f(a) 

in the case of TG and DTG curves, the theoretical expressions for which are 
listed in the Table of Ref. [7]. Hence, the task is reduced to finding the for- 
mal kinetic equation that will best describe the dilatometric curve obtained experi- 

1 
mentally by the plot log g(l) vs. ~ .  With the use of the value off(l) found in this 

dl 
manner and the value of dT- from the DTD curve, Eq. (1) can be written in the 

linear form: 

[f(~ d l ] = l n  z E 
In ) dT  q R T "  (3) 

The activation energy can then be calculated from the slope of this straight 
line, and the pre-exponential factor z from the intercept with the ordinate. 
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Experimental 

Natural and synthetic aragonites were chosen for the investigation. In the 
natural aragonite spectral analysis demonstrated a total of 0.06% impurities 
(Sr, Pb, Mg, Si). The synthetic aragonite was prepared, as suggested by Dana 
and Dana [11], by mixing boiling solutions (0.05 mol/1) of CaC12 and Na2CO3. 
X-ray diffraction analysis of the synthetic aragonite obtained showed the presence 
of pure aragonite with an insignificant amount of calcite. 

The aragonites were ground to a particle size of 60 #m, and hollow cylindric 
samples (length ~ 3  cm, external diameter 1.7 cm, internal diameter 0.8 cm) 
were moulded using a pressure of 3000 bar. The samples were heated in air in the 
temperature range 320 to 420 ~ at a heating rate of 4~ in the derivatograph. 

Discussion 

A typical dilatogram showing the phase transformation of synthetic aragonite 
into calcite is shown in Fig. 1. The experimental values of l vs. l /T ,  measured for 
every 10 ~ of temperature rise, were substituted into each of the kinetic equations 
listed in the Table presented in Ref. 7, i.e. 

F 1 - 1 n ( l  - l) = k t  

A 2 -  In(1 - / )  ' / z =  k t  

A3 - In (1 - 1) 1/a = k t .  
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Fig. l. Dilatometric curves for synthetic aragonite 
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It may be seen from Fig. 2 that within the conversion range 1 = 0.66 - 0.10, 
1 

the relationship log y(l) vs. -~-yields a straight line when the Avrami equation (A~) 

and the first-order equation F1 are used, that isf(l)  = (1 - l) I - I n  (1 - i)]1_l/, 
or in the general form, l = 1 - exp ( -k t " ) ,  where the exponent n is defined by 
the order of the process in which the new phase is formed and grows. In our  
case, n can assume the values 1 and 2. Of these two mechanisms, only one can be 
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Fig. 2. Graphical determination of the ki- 
netic equation describing the dilatometric 
curves of the transition of aragonite into 

calcite (after i gatava) 
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Fig. 3. Determination of the activation 
energy for the phase transition of synthetic 

aragonite into calcite 

true. The kinetic parameters following from Eqs F1 and A 2, calculated by means 
of Eq. (3) (Fig. 3), yielded the following values, respectively: 

E = 205 kJ/mol Z = 1.6 �9 1014 s -1 (F1) 

E = 92 kJ/mol Z = 2"  105 s - ! .  (A2) 

According to theoretical concepts for solids, the pre-exponential factor z, in our 
case, should have a value of the order of 101~- 1012. Considering the value z as 
the second criterion of the satisfactoriness of the model applied to describe the 
transition observed, and comparing the values obtained with the results of other 
researchers [ 2 -  4], one may conclude tha t  the phase transition of aragonite 
into calcite, within the range 1 = 0A0 to 0.66, is described by the particular case 
of the Avrami equation when n = 1. 
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Table 1 

Kinetic parameters of the t ransformat ion of aragonites into calcite 

173 

Aragonite 

Synthetic 
Natural  

Temperature Temperature 
range of of maximum 

transformation, transformation 
~ rate, ~ 

3 3 0 - 4 2 0  I 371 
330 • 420 [ 364 

E,  

k J  t o o l  
z,  S 1 

205 1.6 " 1014 
184 4.7 " 10 TM 

Conversion 
1 

0.10--0.66 
0.16--0.65 

Values 
of E in the 
literature* 

209 [4] 
184 [4] 

* Literature values originally in kcal/mol: 50 and 44 rsp. 

T h e  k i n e t i c  p a r a m e t e r s  c h a r a c t e r i z i n g  t h e  p h a s e  t r a n s i t i o n  o f  a r a g o n i t e s  i n t o  

c a l c i t e  a re  l i s t ed  in  T a b l e  1. T h e  s m a l l  d i f f e r ences  b e t w e e n  t h e  v a l u e s  o f  t he  k i n e t i c  

p a r a m e t e r s  f o r  the  d i f f e ren t  a r a g o n i t e s  a re  p r e s u m a b l y  c o n n e c t e d  w i t h  p a r t i c u l a r  

i n d i v i d u a l  f e a t u r e s  o f  t he  s t a r t i n g  m a t e r i a l s .  

T h e  s a t i s f a c t o r y  a g r e e m e n t  o f  t h e  k i n e t i c  p a r a m e t e r s  c a l c u l a t e d  f r o m  t h e  n o n -  

i s o t h e r m a l  d i l a t o m e t r i c  c u r v e s  w i t h  i s o t h e r m a l  c o n s t a n t s  c i t ed  in  t he  l i t e r a t u r e  [4] 

a n d  w i t h  t h e o r e t i c a l  c a l c u l a t i o n s  [13] a l l o w  t h e  c o n c l u s i o n  t h a t  f i r s t - o r d e r  p h a s e  

t r a n s i t i o n s  c a n  success fu l ly  be  s t ud i ed  u n d e r  n o n - i s o t h e r m a l  c o n d i t i o n s  b y  u s i n g  

d i l a t o m e t r i c  d a t a  r e c o r d e d  w i t h  a d e r i v a t o g r a p h .  
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R~SUM~. -- On a 6tudi6 la transit ion de phases du premier ordre qui a lieu dans le systbme 
aragonite-calcite (CaCOa) dans des aragonites min6rales, naturelles et synth6tiques. Les 
,6tudes ont 6t6 effectu6es par  dilatom6trie darts un d6rivatographe en conditions non-isother-  
mes. On a trouv6 que la t ransformation polymorphe des aragonites en calcite est d6crite par  
l '6quation d 'Avrami  l = -- exp (--  k tn) ,  l 'exposant n 6tant proche de 1. Les valeurs des 6ner- 
gies d 'act ivation trouv6es pour les aragonites 6tudi6es se sont 61ev6es 5̀  1 8 5 . . .  207 k J/mole, les 
valeurs du facteur pr6-exponentiel z 5  ̀ 1014. . .  10 t2 s -1, dans l ' intervalle de conversion l = 
----- 0 . 1 0 . . .  0.66. 
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Z U S A M M E N F A S S U N G  - -  Der  Phasentibergang erster Ordnung  wurde  im System Aragoni t -  
Kalzit (CaCOa) an nattirlichen und  synthet ischen anorganischen Aragoni ten  untersucht .  
Die Untersuchungen wurden  durch  Dilatometr ie  in einem Der iva tographen  unter  nicht-iso- 
thermen Bedingungen durchgeftihrt .  Es wurde  festgestellt, da$ die po lymorphe  U m w a n d l u n g  
der Aragoni te  zu Kalziten du tch  die Avrami-Gle ichung l = 1 -- exp (--  k t  ~) beschrieben 
wird, wobei der Exponent  n einen Wert  in der N~ihe von  1 hat.  Die ftir die untersuchten  Arago-  
nite gefundenen Werte der Aktivierungsenergie waren  1 8 5 . . .  207 kJ/Mol,  die Werte des 
pr~iexponentiellen Fak tors  z bet rugen 10 ~ . . .  10 ~ s -~ im Konvers ionsbereich l = 0.10...0.66. 

PearoMe - -  I/Iayqaaca qba3oBbI~ nepexo~ nepeBoro po)Ia Ha crIcTeMe aparormx-ra~i~m~T (CaCO3). 
O67~eKTOM rt3yqertH~t $lBJ/~l.rlIiCb neopraHH~tecEHe aparoHrtTbl: npripo~Inble K KcKyccrBeHm, ie. I4C- 
r npOBO)IH~Ct, ~IaaTOMeTpti~ecrrdvt MeTO~OM Ha ~iepHBaTorpaqbe B He~t3oTepMH- 
~IeCKOM pe~,nMe. H a ~ e n o ,  aTO noartMopqbHoe npeapau/eHne aparoI-IHTOB B KaYlbI.l~IT y)IOB.rleT- 
~opaTem, no ornacbmaeTca ypaBneHrteM ABpaMrt l = 1-exp(--ktn), r~Ie n - -  aMeeT 3na,teane, 
6•a3I<oe r e~Hn~tte. ,~nfl r~ccae~yeMs~X aparonHTOB r ta~ennbie  3aaqertra~ 3Heprnrt arTrmatmrt 
COCTaBaamT 184--205 K~Dr/MO~,, a 3na,~eHn~ npe~aKcnonenurtanJ, n~,ix MnO~aTene~ ----- 10 ~ 4 -  
1012 cer -~ ~aa  cTenena npeapameart~ l = 0.10--0.66. 
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