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The hydration of the sulphatealuminate phase Ca4(AI6012)(SO4) at room temperature was 
observed by means of differential calorimetry and quantitative X-ray diffraction phase analysis 
in situ. The results were used to evaluate the kinetics of the hydration process and to explain the 
causes of the exothermic effects: an initial surface reaction, the formation of a highly dispersed 
system, and the crystallization of monosulphate, Ca4(A1206)(SO4). 12H20, and gibbsite, 
AI(OH)a. The experiments showed an increase in efficiency of hydration with a higher mas s ratio 
of water to solid phase (from 143.8 kJ/mol) at w/s = 1 to 170.0 kJ/mol at w/s = 10). 

The phase Ca4(AI6012)(SO4) is one of the important components of sul- 
phatealuminate cement. The presence of this phase has fundamental influences on 
the reactivity of this system and the mechanical properties of the products in the 
initial period of the hardening process. Utilization of this phase in cement clinker 
production gives the possibility to substitute the alite and hence to decrease the 
annealing temperature and .total energy consumption for cement manufacturing 
[1-3]. 

Monitoring the hydration by means of differential calorimetry and quantitative 
X-ray phase analysis is useful for practical purposes, mainly for the evaluation of 
the kinetics of the reaction 

Ca4(A16Ot2)(SO4)+ 18 H20 --*Ca4(AI206)(SO4)- 12H20+4 AI(OH)3 (1) 

and for the calculation of the heat Q released during this process. 

Experimental 

The phase Ca4(Al6012)(SO4) was synthesized by mixing standard aqueous 
solutions of Ca(NO3)2, CaSO4.2H20 and AI(OH)3, all of analytical reagent,grade 
quality. The mixed suspension was evaporated to dryness, and the residue was 
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heated to 870 ~ to eliminate the volatile components and to decompose the nitrates. 
~fter cooling, the mixture was homogenized in a laboratory vibrating mill for 
20 min, and then heated a t  1250 ~ for 24 h. The phase composition of the 
homogen!zed powder product was controlled by quantitative X-ray phase analysis 
on a Philips 1540 powder diffractometer, applying CuK, radiation at room 
temperature. Heat evolution measurements were performed with the ZIAC 
differential calorimetry system [4-6] at room temperature. Changes in the phase 
composition during hydration process were followed by direct X-ray phase analysis 
in situ on a DRON-1 diffractometer. 

Results and discussion 

The heat evolution during the hydration of Ca4(AI2012)(SO4) was studied to 
determine the character of the reaction and to evaluate the hydration heat Q. 

The kinetics of  reaction are represented by curves of the heat evolution rate dQ/dt 
vs. time �9 for various values of the mass ratio of water to Solid phase w/s in Fig. 1. 

The hydration process at w/s = 1 is characterized by three exothermic effects. A 
comparison o f  the resuJts of differential calorimetry analysis (DCA) and direct 
quantitative X-ray phase analysis in situ (Fig. 2) allowed establishment of the type 
of the reaction. In the first hour, the adsorption and initial chemical reaction occur 
on the surface of the original solid phase. In this time interval, a drop in 
Ca4(Al~O12)(SO4) concentration was observed. The heat of this reaction step, Q~, 
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Fig. 1 Curves o'f heat evolution rate dQ/dt vs. time z for various values of the water to solid phase mass 

ratio Ca4(AL~O 1~(SO,) 
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Fig. 2 Time-dependence of mass fraction 

quantitative X-ray phase analysis in situ. w/s = 1 

I I I 1 I TM I 
30 z,O 50 60 70 80 

"c~h 

of Ca4(A16012)(SO4) achieved, observed via direct 

was 6.2 kJ/mol. The next 7 hours was characterized by an exothermtc effect with 
Q = 65 kJ/mol and practically no changes in phase composition. We assume the 
formation of a highly dispersed system, which gave the opportunity for the next step 
to proceed in the whole volume of the reaction system. The third effect represented 
the crystallization of monosulphate, Ca4(At206)(SO4)-12H20, and gibbsite, 
A I(OH)3 , and a drop in the Ca4(AI6012) (SO,,) Content. The changes in time of the 
concentrations of hydrated phases with respect to the possibility of amorphous 
phase formation in standard samples were not plotted in Fig. 2. 

The asymmetrical shape of the last peak of Fig. 1 indicated that the formation of 
larger crystals suddenly brought the hydration process to an end after 37 hours. On 
the other hand, the time-dependence of the mass fraction of Ca4(AI60~ 2)(SO4) in 
Fig. 2 demonstrated that about 20 mass% of this phase remained in the reaction 
system after 40 hours. 

Higher w/s ratios led to lower values of Q2 (heat evolution during the reaction in a 
highly dispersed system) and acceleration of the crystallization process. The total 
released heat Q increased with increasingratio w/s, as shown in Table 1. These 
results.revealed an intensification of the hydration process at higher ratios w/s. 

Tattle I Values of total released heat for various mass 
ratio of water to solid phase 

w/s Q, kJ /mol  

I 143.8 . 

2 153.1 
10 170.2 
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Z u m u n m e n f ~ n g  - -  Die Hydration der Sulfat-aluminat-Phase Ca4(AI6012)(SO4) bei Zimmertempe- 
ratur wurde mittels Differentialkalorimetrie und quantitativer in-si tu-R6ntgenbeugungs-Phasenanalyse 

verfolgt. Ein vergleich der Ergebnisse erlaubte die Kinetik des Hydratationsprozesses abzusch/itzen 
u n d d i e  Ursache der exothermen Effekte zu kl~ren: Anf'fingliche "Oberfl~chenreaktion, Bildung eines 

hochdispersen Systems, Kristallisation yon Monosulfa thydrat  Ca,,(AI206)SO4- 12H20 und Hydrargil- 
lit AI(OH) 3 . Die Versuche zeigten eine Z unahme  der Hydratationseffektivitfit mit steigendem Verh/iltnis 

Wasser : Feststoff (w/s) von 143,8 kJ mo1-1 bei w/s = 1 auf  170,0 kJ mol - l  bei w/s = 10. 

ee31[oMe - -  C I1OMOUlbiO }l'Hl~])epeHIlHa2lbHOH KanopHMeTpl,IH H KO.qHqeCTBeHHOFO peHTreHoqba3oaoro 

ana.aa3a a3yqena npa i<oMnaTaoh TeMnepaType in situ rn~paTauna cyabdpaTa.alOMnHaTa 

Ca4(AI6012)(SO4). IIo~yqenmae .aann~ae 6u.an acnom,3oaanu  arla OUeHKn KnHeTnrn npouecca 
ru~apaTaunn n 2Laa o6~,acnenna TaKHx 3K3oTepMHqeciCHX ~ I ~ K T O B ,  r a t  na,m.abnaa peargtna na 

noaepxnocT14, o6pa3oaanne abicogoaacnepcnofi CnCTeMU rl KpncTa_q.rln3allaa MonocyalbqbaTa 

Ca, , (AI206)(SO4)-12H20 n ra66caTa AI(OH)3. ~)rcnepnMenTa~bnme pg3yIlbgaTbl no ra3aan  
ynran,~enHe a~bglCTHBHOCTa rn;apaTaum4 npn 6oJlee nhlCOKOM aecOaOM COOTnomenan aoabl n Taep~ofi 
~ a a u :  OT 143,8 tc, aX" MO.rlb i npn cooxnomenan  paanuM 1 ao  170,0 t21x. MOJlb-I npn COOTHORIeHilH 

paanhXM 10. 
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