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The method of differential hydrothermal analyais (DHA) wa8 used to deter
mine the equilibrium temperature and reaction enthalpy of the reaction 

c.ACHu(s) = C3AH6(s) + CC(s) + 5 H (l); 

T, = ( 403 ± 2) K and .:l, H0 = ( 52.42 + 2.09) kJ moJe-1• 

From these values, the standard enthalpy of formation for C4AC H11(s) 

.:l1H0 (298 K) = (-8204.0 ± 2.1) kJ mole-1, 

entropy 
S0 (298 K) = 689.48 J K-1 moJe-1, 

and standard Gibbs' energy of formation 
.:l1G0 (298 K) = -7300 kJ moJe-1, 

were calculated. 

Evidence for the reliability on the data measured was presented. 

INTRODU CTION 

Hydrated calcium carboaluminate, having the composition C4ACH.11, was 
first studied by Turriziani and Schippa [l]. The exact crystallographic study by 
Fischer and Kuzel [2] showed that C�CH11 forms triclinic crystals with a0 = 
= 5.78 = 5. 78 . 10-10 m, b0 = 5.74. 10-10 m, Co = 7.86. 10-10 m, rx = 92.61 deg., {3 = 
= 101.96 deg. and y = 120.09 deg. The phase plays a significant part in the che
mistry of cement [3]; however, its thermodynamic data have so far been lacking. 

The possibility of direct measurement is provided by the reaction 

C4ACHn (s) = C3AH6 (s) + CC (s) + 5 H (1), I A I
which can be effected under the conditions of DHA and shows an endothermal peak 
over the temperature range of 130-150 °C. The reaction 

3 C3A� (s) = C4A3H3 (s) + 5 CH (s) + 10 H (1). I B I
then takes place over the temperature range of 250-300 °0. 

Experimental 
Material 

04AC H11 was prepared by reacting 03A with a small excess of AR purity precipit
ated calcite in aqueous suspension. The suspension was agitated for a week at 20 °C 
in a polythene vessel. The product, a mixture of calcite and 04AC H11, was filtered, 

*) Use is ma.de of the symbols common in the chemistry of cement, C - Ca.O, C - CO2, 

A - Al,O3 , H - H2O. 
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washed with alcohol and dried at 60 °C in air. The content of C4.ACHu was de
termined analytically. 
Method 

Use was made of the DHA apparatus and method described in earlier publica
tions [4, 5]. 
Results 

The equilibrium temperature of reaction \ A \ was determined by extrapolating 
the dependence of the onset of the endothermic peak on the heating rate 0 towards 
the 0--+ 0 value. Thus the value T, = 403 ± 2 K was found. Using planimetric 
determination of the peak area and powdered tin as internal standard, the mean 
value of the reaction enthalpy for reaction I A \ was established from six determina
tions: 

/i,H0 

= (52.40 ± 2.09) kJ mole-1. 

On the assumption of zero /iOp of reaction \ A \, the found value of /i,H (403 K) = 
= /i,H (298 K), and the value of standard enthalpy of formation of C4AC Hu was 
calculated by means of tabellated standard enthalpies of formation of the substan
ces involved: 

!i1H
0 (C4AC Hu' 298 K) = /i1H0 (C3AH6) + ti,H0 (CC) + 5 t:.,H0 (H) - /i,H0 

= 

= (-5514 - 1207.5 - 1430.1 - 52.42) kJ mole-1 = 

= (-8204.0 ± 2.1) kJ mole-1• (1) 

The reaction entropy will be 

Then 

/i,S (298 K) = !i
;

H 
+ 

52.42
4�: ;

ole-l = 130.09 J K-1 mole-1 (2) 
r 

S0 (C4AC Hu) = S0 (C3AH6) + S0 (CC) + 5 S0 (H) - !i,S0 = 
= (376.81 + 92.95 + 349.8 - 130.09) J K-1 mole-1 

= 689.48 J K-1 mole-1• (3) 

From the values obtained it follows that 

!i,G (298 K) = (52,420.00 - 298 X 130.09) J mole-1 
= 13,653.18 J mole-1 (4) 

and the standard Gibbs' energy of formation of C4AC Hu was again calculated 
with the use of tabellated values of /i1G0

: 

/i1G0 (C4ACHu, 298 K) = /i1G0 (C3AH6) + /i1G0 (CC)+ 5 /i1G0 (H) - /iJG0 

= 

= (-4969.73 - 1129.6 - 1186.84 - 13.65) kJ mole-1 
= -7300 kJ mole-1• (5)

The reliability of the /iJC0 value found can be assessed on the basis of the fol
lowing data: 
(1) For the reaction

C4AC Hu (s) + 3 CS H2 (s) + 14 H (1) = C4A83H32 (s) + CC (s), (C) 

at 298 K, using the calculated value of /i1G0 (C4AC H11), one obtains the change in 
Gibbs' reaction energy 

1i,a0 

= (-15,156.2 - 1129.51 + 7299.60 + 5390.80 + 3560.24) kJ mole-1 
= 

118 

= -35.06 kJ mole-1, (6) 

Silikaty c. 2, 1987 



Determining the Standard Enthalpy of Formation, Gibbs' Energy of Formation ... 

which is negative and the reaction is still thermodynamically feasible. This is in 
agreement with experimental experience (6]. It has been proved by X-ray analysis 
as well as by DHA that the reaction proceeds, and actually very rapidly. 

(2) Likewise, for the reaction

as 

3 CaO . AlzO3. CaCO3 . 1_1 H 2O (s) + CaCh (aq ) -+ 

-+ 3 CaO. Al2O3. CaC12 . 12 H 2O (s) + CaCO3 (s) + aq, 

6,_rG
0 

= 6,_1G0 (3 Cao . Al2O3 . CaC!i . 11 H 2O) + 6,_j0° (CaCO3) -

- 6,_j0° (3 Cao . AhO3 . CaCO3 . 11 H 2O) - 6,_j0° (CaCh aq) =

= (-729 9.68 - 1207.68 + 7300.00 + 815.92) kJ mole-1 
=

i= -391.44 kJ mole-1, 

(D) 

(7) 

the result is in agreement with the fact that reaction (D) proceeds spontaneously, 
as has been proved experimentally by phase analysis, diffractogra.phically and by 
DHA. 
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STANOVENf STANDARDNf SLUCOVACf ENTALPIE, 
GIBBSOVY ENERGIE A ABSOLUTNf ENTROPIE 

3 CaO . Ah03 • CaC03 • 11 H 20 

Vladimir Satava 

Vyaoka skola chemicko-technologicka, katedra technologie ailikatu, 166 28 Praha 

Metodou DHA ( diferencni hydrotermalni analyza) byla stanovena rovnovazna teplota. a reakcni 
entalpie rea.kce 

C4ACH11 (s) = C3AH6 (a) + CC(s) + 5 H (1). 

T, = (403 + 2) K a A,H0 = (52,42 + 2,09) kJ. 

Za. pfedpokla.du, ze vliv tlaku na. rovnovahu a rozdil merneho tepla. produktu a vychozich latek 
lze za.nedbat, byla z namefenych da.t vypoctena. termodynamicka data pro C4AC H 11 : 

t:,.1H0 = (-8204,0 ± 2,1) kJ . mol-1, S0 = 698,48 J .  K-1 moI-1 a A1G0 = -7300 kJ . moI-1• 
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0 IIPE,n:E JIEH 11E CTAH ,n:APTH hIX 13 F. :JlfqMH 
M3OEAPHOfO IIOTEHQMAJIA OBPA3OBAHMH, 

SHEPfMM fMIIIIC A  M AECOJIIOTHO:8 8HTPOIIM1I 
3 CaO . AhO,. CaCO,. 11 H2O 

Bna;o;1IMnp lllaTaBa 

,;a�eapa mexHo.ao2uu cu.au,;amos Xu.Mu,;o-mexno.ao2u,iec,;020 uHcmumyma, 
16628 Ilpa2a 

C II0M0II(hIO MeTo;o;a DHA (;o;nquf>epem:i;na,1hHhIH rn;o;poTepMnqec1m:ii: aHa,rna) ycTaHoe1ma 
paBH0Becey10 T8M11epaTypy H TellJIOBO:ii: aq)(peRT peamvm 

C4AC H11 (s) = C,AH6 (s) + CC (s) + 5 H (1) 

T, = (403 ± 2) R H A.,H° = (52,42 + 2,09) K)],lK. 

Ilpemronaraa, qTo BJIHlIHHeM ,uaBJieHHlI Ha paBH0BecHoe C0CTOlIHHe H pa3H0CThlO y)leJihHOH 
TellJI0Thl H HCX0;D;Hh!X Bem;ecTB MOlKH0 11peHe6peraTh, pacc'IHTa;m Ha 0CH0Bamrn H3MCpeH-
HhlX )laHaux TepM0)lHHaMHtJecmie ;i;aHHh!e ,u;rn C4AC H11 : 

A,H0 = (-8204,0 ± 2,1) R,Il;lK.M0JI-l, S0 = 698,48 )],lK. R-1 M0JI-I H A.,c0 = -7300 K)],lK • 
. uon-1. 

C ER AMICS AND CIVILIZA TION VOL I. ANCI ENT TECHNOLOGY TO 
MODERN SCIENCE. (Keramika a civilizace. Prinos staroveke technologie moderni vede.) 
Redakce W. D. Kingery 341 str. vc. obr., The American Ceramic Society, Inc. Columbus, Ohio 
USA. 1985. 

Tento prvy svazek zahajuje fadu publikaci, ktere se budou zabyvat prehistorii a historii 
vedy a umeni v oboru nekovovych materialu vyrabenych zarovou technologii. Do prveho svazku 
zaradil W. D. Kingery, profesor MIT, ktery se ujal redakce, referaty, ktere byly predneseny na 
86. vyrocni sohuzi Americke keramicke spolecnosti v kvetnu roku 1984, a rozdelil je do tri 
sekci. Prvni sekce shrnuje poznatky v technologiich keramicke vyroby ve staroveku, ke kterym 
dosla archeologie za pouziti nejmodernejsich experimentalnich technik. Nasledujici nazvy refe
rati'.1 vypovidaji samy o teto zajimave tematice. ,,Technologie a styl staroveke keramiky" (R. 
P. Wright), , ,Technologie a typologie egyptske keramiky" (J. Bourrian), ,,Poznamky o nekterych 
jilech uzivanych v keramicke, vyrobe ve staroveke Nubii" (B. Williams, W. Williams a J. Mc
Millan). ,,Etnoarcheologie keramicke vyroby v hornoegyptskych mestech" (P. Lacovara).
,.Cihlari v Babylonu" (F. R. Mason), ,,Socialne podmineny styl keramiky v neolitickem Pelo
ponezu" (T. Cullen), ,,Analyticky vyklad technologickeho vyvoje keramiky v oblasti Mississipi". 
(C. J. Klemptner a P. F. Johnson) a , .Technika a technologie keramiky Mayu" (P. M. Rice). 

Druha sekce referatu se tyka historie vyvoje technologie hrncirskeho zbozi, porcelanu a tera
koty: ,,Vyvoj hrncifstvi a technologie keramiky v Cine" (Li Jiazhi); ,,Puvod a vyvoj tradicnich 
c'inskych glazur a dekorativnich keramickych ha.rev" (Zhang Fukang), ,.Zmeny mikrostruktury 
a slozeni keramiky za dynastie Pre-song, Song a Yuan (P. Vandivez, W. D. Kingery), ,J3panelska 
keramika 13. az 18. stoleti" (A. Jornet, M. J. Blackman a J. S. Olin). ,,Vyroba mekkeho porce
lanu ve Vincennes, podle knih Hellotovych" (A. d'Albis). , ,Vyvoj mekkeho porcelanu v Evrope" 
(W. D. Kingery a D. Smith), ,,Konstituce dekorativni anglicke keramiky ,,Coade stone", (I. 
C. Freestom, M. Bimson a M. S. Tite).

Posledni sekce obsahuje dva referaty z historic keramicke vedy a inzenyrstvi: ,.Keramicke 
patenty: Historic vyvoje" (0. J. Whitteman) a ,,Historic vyvoje vedy o slinovani" (J, E. Burke). 

z nazvu clanku je zrejme, ze kniha prinasi mnoho zajimavych informaci pro kazdeho keramika. 

V. Satava

120 Silikaty c. 2. 1987 




