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Dehydroxylation of C3AI-I~ and C3ADa minerals was studied by means of the iso- 
thermal TG method in ambient air and in a constant stream of nitrogen. It was found 
that the mechanism of dehydroxylation changed during the reaction in ambient air. 
In a dynamic inert atmosphere the experimental data conform very closely to a first 
order kinetics model. The activation energy values 85.4 kJ �9 mole -1 and 103.4 kJ " 
�9 mole -1 were obtained for C~AH~ and for C3AD6 samples, respectively. 

C3AH 6, one of the chief hydration products of  aluminous clinker, the end 
member of  the hydrogrossular series exhibits the garnet structure. The bisphenoids 
(OH)~- with an atomic arrangement similar to that of the tetrahedra (SiOa) 4- 
are situated in its elementary until cell [1 ]. The presence of  (OH)-  groups in the 
structure of  C3AH6 has been proved by Majmudar and Roy [2]. Proks and Nerfid 
[3] described the mechanisms of  thermal decomposition of  C~AH 6 and C3AD 8 
up to 900 ~ The present paper is devoted to research into the kinetics of  dehydro- 
xylation of  CzAH 6 and C3AD 6. 

Experimental 

C3AH 6 and C3AD ~ samples were prepared under hydrothermal conditions. 
D20 of  99.74~ purity was used for the synthesis of  C~AD 6. The results of  IR 
spectroscopy confirmed the presence of (OH)-  and (OD)-  groups in the samples 
(Fig. 1). A Perkin-Elmer 221 spectrophotometer was used. The difference in the 

Table 1 

Total weight losses 

Temperature range Weight loss, Sample ~ 

C3AH6 
C3AD 6 

260--400 
250--425 

22.53 
25.48 
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frequencies of the vibrations of OH-  and OD - groups is evident. The total weight 
losses for the first stage of the thermal decomposition are shown in Table 1. 
Thermogravimetric experiments were performed in a Du Pont 990 thermobalance 
module in an ambient air environment at a heating rate of 5~ 
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Fig. 1. IR spectra of C3AH6 and C~AD6 samples 

The rate of the dehydroxylation process was studied by measuring the weight 
change upon heating as a function of time at constant temperature in the range 
280-310 ~ Isothermal weight loss curves were obtained from 11-15 mg powder 
samples which were heated in ambient air and in a constant stream of N~ (100 
ml/min) in a Du Pont TGA assembly. 

Kinetics  studies 

The isothermal weight loss data for C3AH 6 in a flow of N2 are shown in Fig. 2. 
stands for the fraction decomposed, defined by the relation 

W 
(g - -  

Wf 

where W and Wf are the actual and final weight of the sample, respectively. 
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When plotted on a reduced time scale of  t/to.5, where %.5 is the time correspond- 
ing to a = 0.5, the curves of  c~ = f (t/to.5) are obtained; these can be compared 
with model curves derived f rom the following kinetic equations [4]: 

FI: - ln(1 - e) = k t  
R2:1 - (1 - e)o.5 = k t  

A 2 : - l n ( 1  - a) ~ = k t  

191: c~ 2 = k t  
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Fig. 2. F r ac t i on  reacted  vs. t ime  for dehydroxy la t i on  o f  CaAH6 in a flow of  N2 

These equations represent the variation of  ~ with t according to the following 
mechanisms: 

(F1) - first-order kinetics; 
(R2) - uniform movement  of  a reaction interface in two dimensions; 
(A2) - A v r a m i -  Erofeyev equation; 
(/91) - diffusion-controlled process. 

From the rate constants o f  the most suitable model the plots In k vs. t / T  give the 
activation energies. 

The rate constants, half-times and activation energies are collected in Table 2. 
The mechanisms of  dehydroxylation of  the C3AH 6 and CzAD 6 samples in an 

ambient static air atmosphere change during the reaction. The plots of  c~ = 
= f(t / to.5) conform rather to the model curve A2 up to about ~ = 0.5; with proceed- 
ing of the reaction its rate is changed and the plots better fit the F1 or R2 models, 
respectively (see Fig. 3). It  appears [3] that in the first stage of  the reaction the 
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Table 2 

Results of isothermal measurements 

W e i g h t  o f  t0.s, Ra te  Energy o f  
Sample  T, ~  sample,  rain constant ,  act ivat ion 

m g  rain -1 

CzAH6 
(in air) 

CzAD6 
(in air) 

CaAH6 
(in nitrogen) 

CzAD6 
(in nitrogen) 

279 
285 
290 
300 

279 
291 
302 
311 

280 
292 
298 
310 

283 
296 
304 

15.89 
17.72 
15.07 
12.61 

14.76 
11.48 
11.21 
11.13 

11.27 
17.83 
14.74 
12.42 

12.84 
12.08 
12.18 

28 
22.6 
12.8 

9.4 

31.8 
12.3 

8.6 
6.7 

6.2 
4.5 
4.0 
2.6 

6.7 
4.6 
2.8 

0.1169 
0.1622 
0.1790 
0.2837 

0.1131 
0.1774 
0.2593 

85.4 
kJ. mole - I  
0 <  ~ <  0.8 

103.4 
kJ. mole -1 
0 <  ~ <  0.8 
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Fig. 3. Fract ion reacted vs. t/to. 5 for dehydroxylation of C3AH6 in ambient  air, compared with 
model curves 
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sorption of HzO (g) by the decomposed phase takes place. Desorption of this 
water influences the second step of the reaction. 

In a dynamic atmosphere the acceleratory effect of the flowing N~ can be ob- 
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Fig. 4. F r ac t i on  reac ted  vs .  t/to.s for  dehydroxy la t i on  o f  C s A H  6 in a flow o f  N2, c o m p a r e d  with 
model c u r v e s  
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Fig. 5. L inear i ty  test  o f  F 1 a n d  R z mode l s  for  the  C 3 A H  o sample  in a f low o f  Nz 
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served. The  half- t imes are abou t  5 t imes smal ler  tha t  those  de te rmined  in s tat ic  
air.  This is p r o b a b l y  caused by  the ac t ion  o f  the f lowing ni t rogen on the t r anspor t  
o f  the  water  re leased f rom the reac t ion  interface.  

Similar  differences were observed wi th  respect  to the  reac t ion  mechanism.  The  
presence o f  the  f lowing ni t rogen leads to a change  o f  the funct ion a =f(t/to.~) 
j u s t  f r om the beginning  o f  the react ion.  The  results  conform very closely to mode l  
curves F1 or  R2 (see Fig.  4). Plots  o f  the  F1 and  R2 funct ion vs. t t end  to become 
s t ra ight  lines for  the  F1 mode l  (Fig. 5). 

Conclusions 

The dehydroxy la t ions  o f  C3AH 6 and  C3AD 0 in the  t empera tu re  range 2 8 0 -  
310 ~ under  a dynamic  a tmosphere  o f  N2 fol low f i rs t -order  kinetics.  W i t h  the  
except ion o f  the ac t iva t ion  energies, no differences have been found  between the 
the rmal  decompos i t ions  o f  CzAH6 and  C a A D  6. The ac t iva t ion  energies de te rmined  
are  near ly  the  same as those  ob ta ined  by  Sharp  and  Brindley [5] for  bruci te ,  or  b y  
G iovano l i  and  Brfitsch [6] for  7 - F e O O H  dehydroxyla t ion .  On the o ther  hand,  
the  ac t iva t ion  energies o f  dehydroxy la t ion  o f  the na tu ra l  hydrosi l icates  (kaol ini te ,  
mon tmor i l lon i t e )  a re  app rox ima te ly  twice those  de te rmined  for  the C3AH 6 and  
C3AD6 samples.  
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R~suMg -- On a 6tudi6 la deshydroxylation des mindraux C,AHG et CaAD 6 par TG isotherme, 
dans Fair et darts un courant constant d'azote. Dans l'air ambiant, on trouve que le m6canisme 
de la d6shydroxylation se modifie pendant la r6action. En travaillant darts une atmosph6re 
inerte dynamique, les donn~es d'exp6rience sont en bon accord avec un mod61e cin6tique du 
premier ordre. On a obtenu les 6nergies d'activation suivantes: 85.4 kJ " mol -~ pour C3AH6 
et 103.4 kJ �9 tool -~ pour C3AD~. 

ZUSAMMENFASSUNG - -  Die Dehydroxylierung der Mineralien C3AH6 und C3AD6 wurde 
mittels isothermer TG-Methode in Luft und in einem konstanten Stickstoffstrom untersucht. 
Hierbei zeigte sich, dab sich der Mechanismus der Dehydroxylierung wfihrend der Reaktion 
in Luft findert. Wenn in einer dynamischen inerten Atmosph/ire gearbeitet wird, sind die 
Daten in guter 1Dbereinstimmung mit einem kinetischen Modell erster Ordnung. Aktivierungs- 
energien yon 85.4 kJ " mol -~ fiir CaAH6 und 103.4 kJ " mo1-1 ftir CsAD~ wurden erhalten. 

Pe3~oMe -- I/I3y,-IeHO )lerg)lporc~i~ItpoBaHr~e C3AH6 r~ C3AD6 M~HepaJIOB C noMom~ ~3o'cepMri- 
'~ecKoro TF MeTo~a g aTMOCC[oepe BO3/Iyxa ~,I B IIOCTO/IHHOM TOKe a3oTa. Ha~eao ,  qTO MexaH!/I3M 
~Ierr~lpoxcHnnpoBaana B aTMocqbepe go3zlyxa !I3MeH~eTcfl B npouecce p e a K ~ .  IIpH pa6oTe B 
~IHHaMHHeCI(O~ HHepTHOf[ aTMoc~epe, 3KcrIepHMeHTa~BHNe AaHHBIe o~eHb 6JIrI3KO COOTBeTCTBy- 
~3T KHHeTII~IeCI(O~ MoJleJIH IlepBoFo nopH~Ka. IIoY~yUeHH~e 3na~eH~  9HepFHH aKT!elBalg, II~ j~Jtlt 
CzAH6 r~ CzAD6, COOT~eTcTBerrao paBH~I 85.4 ~X~.~Om, -~ g 103.4 ~X<.MO~r~ -~. 
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