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ABSTRACT 

The effects of CaCl 2, calcium gluconate, mixture of CaCl 2 and 
calcium gluconate, glucose and mixture of glucose and calcium 
gluconate on the hydration of three di f ferent  portland cements 
have been studied using isothermal microcalorimetry, x-ray 
d i f f rac t ion,  chemical analysis of the l iquid phase and d i f fe r -  
ential thermal analyses. The results indicated that (I) CaCl 2 
accelerates whereas calcium gluconate retards the hydration of 
al l  the phases of the cement, (2) glucose accelerates the for- 
mation of e t t r ing i te  whereas i t  retards the hydration of s i l i -  
cate phase, and (3) in the presence of mixture of admixtures 
the hydration process is more similar to that in the presence 
of calcium gluconate. I t  is believed that the action of one 
admixture in the presence of the other is a competitive process 
between the two. 

L'action des ajouts CaCl 2, gluconate de calcium, de leur m~lange, 
glucose et m~lange de glucose et de gluconate de calcium sur 
l'hydration de trios ciments portland a ~t6 6tudi~e a l'aide de 
la microcalorim6trie isotherme, la diffraction des rayons X, 
l'analyse thermique diff6rentielle et pour ce qui concerne la 
phase liquide i l  a 6t~ fa i t  appel a l'analyse chimique. Les 
resultats indiquent que (1) Le chlorure de calcium acc~lere alors 
que le gluconate de calcium retarde l'hydration de toutes le 
phases du ciments. (2) Le glucose accelerate la formation des 
d'ettr ingite alors qu'l l  retarde la formation des silicates 
hydrates. (3) En presence de m~lange d'ajouts le processus 
d'hydration est similaire a celui en presence de gluconate seul. 
II faut eroire que l 'action d'un ajout en presence d'un autre 
est un processus competetif entre les deux ajouts. 
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Introduction 

Effects of admixtures on the hydration of cements have been studied exten- 
sively during the past few years (I-5). Both retarding as well as accelerating 
types of admixtures have been investigated individually. Recently Tenoutasse 
and Singh (3) studied the effect of some sugars on the hydration of cement pre- 
pared in the laboratory and found that they act as a retarder but no definite 
picture could be presented regarding their retarding action. The study of the 
influence of the mixture of admixtures on the hydration of the pure compounds 
of the cement are available in the literature (6-7) but only limited information 
is available for industrial cement (8). The purpose of this paper is to under- 
stand the mechanism of hydration of cements in the presence of the following 
mixtures of admixtures. 

Calcium Chloride + Calcium gluconate 

Glucose + Calcium gluconate 

Experimental 

Materials. Three different industrial cements designated as P300, ~400 
and P500 were used. The chemical and mineralogical composition of P400 is given 
below. The surface area of the cement P400 is 3621 cm2/g. 

Constituent CaO SiO 2 A l203  Fe203 MgO Na20 K20 SO 3 

Composition % 62.21 21.00 5.50 2.92 0.93 0.35 1 . 0 8  1.93 

Mineralogical constituent C3S C2S C3A C4AF 

Composition % 52.48 20.63 9.64 8.89 

Calcium gluconate, glucose and calcium chloride were used as admixtures. 

Method. 

Rate of heat development. The heat of hydration of the cements was 
measured at different intervals of time with an isothermal microcalorimeter. 
The details of the instrument are described elsewhere (9). Eight grams of the 
cements were taken in polythene bags and mixed with 4 cc of water or the admix- 
ture solutions in order to have water-cement ratio equal to 0.5. The cement 
was thoroughly mixed with the solution and then kept in the calorimeter. The 
calorimeter was kept in a thermostat maintained at 25°C. The evolution of heat 
with time was recorded with a recorder. 

Analysis. of the hydrated cement. The hydration of the cements in the 
calorimeter was stopped at various intervals of time using absolute alcohol. 
The hydrated cements were analyzed using x-ray and differential thermal analyses. 

Analysis of the liquid phase. 50 grams of the cement (P400) were taken 
in different polythene bags and then mixed with 25 cc of water or admixture 
solutions. The cement was thoroughly mixed with a steel spatula for nearly 30 
seconds. The polythene bags were kept in a thermostat maintained at 25°C. After 
desired intervals of time, the liquids in contact with the cement pastes were 
extracted by applying nitrogen pressure in a special type of steel chamber. The 
liquids were analyzed for OH-, S03"-, Ca ++ , Na + and K + ions. Hydroxyl ion was 
estimated by acidimetric t i t rat ion whereas sulphate ion was determined as BaSO 4 
by nepheleometry using the method of Wimbereley (lO). Calcium, sodium and potas- 
sium ions were determined with atomic absorption spectrophotometer ( l l ) .  
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Effect of different admixtures on the hydration of cement. 
water; - --  l . l  wt% CaCl2; - . -  0.165 wt% Calcium gluconate; 

. . . .  l . l  wt% CaCl 2 + 0.165 wt% Calcium gluconate; . . . .  0.05 wt% glucose; 
-o- O.ll wt% Calcium gluconate; x-x 0.05 wt% glucose + O.ll wt% calcium 
gluconate. 

Results and Discussion 

The rate of hydration of the cement in the presence of different admixtures 
and their mixtures is given in Fig. I. From the inspection of the curves, i t  is 
obvious that 

I. CaCl 2 accelerates the hydration of all the phases of cements whereas 
calcium gluconate retards at all concentrations. Greater the concentration of 
the gluconate, greater is the retarding power. 

2. In the presence of mixture of CaCl 2 and calcium gluconate, the calori- 
metric peaks are in between the peaks obtained in the presence of calcium glu- 
conate and CaCl 2, separately. 

3. The hydration of C3S phase is accelerated whereas that of sil icate is 
retarded in the presence of glucose. 

4. In the presence of glucose and calcium gluconate, the hydration of C3A 
is more retarded as compared to that in presence of calcium gluconate alone. In 
the presence of the mixture of glucose and calcium gluconate, the hydration of 
C3S is more retarded and in fact i t  can be said that the effect is additive on 
the hydration of sil icate phase. 

The calorimetric observation is also supported by the analysis of the liquid 
phase. The variation of SO 3 concentration with time is given in Fig. 2a. The 
sulphate concentration in tBe absence of any admixture is constant up to 8 hours 
and then suddenly falls and becomes zero after one day. In the presence of CaCl 2, 
the concentration of sulphate ions is also constant up to 8 hours but becomes 
zero after 16 hours, whereas in the presence of calcium gluconate and its mixture 
with CaCl 2, the concentration is nearly constant even up to one day. The removal 
of gypsum from the solution may be explained in terms of the formation of the et- 
tr ingite. The ettr ingite forms an impermeable coating over the surface of the 
C3A grains, which delays the consumption of gypsum in the absence of any admixt- 
ure. In the presence of CaCl 2, the rapid removal of gypsum may be explained by 
assuming that CaCl 2 or some of its complex is adsorbed on the surfaces which 
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FIG. 2a 

Variat ion of SO 3 concentrat ion in so lut ion 
in presence o f ~ w a t e r ;  . . . .  I . I  wt% 
CaCI2; - . -  0.165 wt% Calcium gluconate; 
. . . .  mixture of two admixtures. 

FIG. 2b 

Var iat ion of a lka l i  concentrat ion. 

makes the coating less impermeable. The constancy of the gypsum concentrat ion 
in the solut ion in the presence of calcium gluconate is probably due to the ad- 
sorption of the admixture over the surface of the C3S grains which does not 
allow the react ion of gypsum to proceed eas i ly .  In the presence of a mixture 
of CaCI 2 and calcium gluconate, the concentrat ion of the gypsum in the solut ion 
is also constant up to one day but the concentrat ion is lower than that in the 
presence of calcium gluconate alone. I t  appears that  in the presence of a mix- 
ture of calcium gluconate and CaCI 2, the CaCI 2 has very l i t t l e  accelerat ing 
e f fec t ,  probably because of the fact  that  the d i f fus ion  of CaCl 2 through the ad- 
sorbed layer of calcium gluconate is hindered. 

The var ia t ion of OH- ion concentrat ion wi th time is given in Fig. 2b. In 
the absence of any admixture or in the presence of CaCl 2, the OH- ion concen- 
t ra t ion  is constant un t i l  there is gypsum but during the consumption of gypsum, 
i t  increases steeply. This may be due to the metal hydroxides react ing with 
gypsum forming a feeble solut ion of Ca(OH) 2, but as soon as gypsum is consumed, 
the solut ion becomes more r ich with respect to highly soluble metal hydroxides. 
In the presence of calcium gluconate and i t s  mixture with CaCI 2, less gypsum is 
consumed in th is  time interval  and therefore the var ia t ion in a lka l i  concentrat- 
ion is small. 

The var ia t ion of Ca ++ ion concentrat ion with time is shown in Fig. 3. The 
nature of the curves is s imi la r  to that  for  SO3-- ions. The higher concentrat- 
ion of Ca ++ ions in the solut ion in the ~resence of CaCl 2, calcium gluconate or 

the Ca ions coming from CaCl 2 or calcium glu- the i r  mixture is probably due to + 
conate. Some Ca ++ ions may come from the s i l i c a t e  phase during hydration and 
may contr ibute to the tota l  concentrat ion of Ca ++ ions in the so lut ion.  Af ter  
the gypsum is consumed, the Ca ++ concentrat ion is  diminished because the Ca ++ 
ions coming from gypsum decreases. 

The var ia t ion of Na + and K + ion concentrat ion is shown in Fig. 4. The con- 
centrat ion is constant while there is gypsum, but a f te r  gypsum is consumed, the 
concentration increases. In the presence of calcium gluconate and the mixture 
of the two admixtures, the var ia t ion in concentrat ion is not great because gyp- 
sum remains in the solut ion even up to 2 days. Increase in the concentration 
is more in the presence of a mixture of admixtures than in the presence of only 
calcium gluconate. As the hydration proceeds, more and more water is consumed 
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FIG. 3 

Variation of Ca ion concentration 
in solution, water; ---  I . I  wt% 
CaCl2; - . -  0.165 wt% Calcium glucon- 
ate; . . . .  mixture of two admixtures. 

FIG. 4 

Variation of Na and K ion concentrat- 
ion in solution, water; ---  I . I  
wt% CaCl2; - . -  0.165 wt% Calcium glu- 
conate; . . . .  mixture of two admixtures 

and the concentration of metal hydroxides become greater. 

X-ray and differential thermal analyses indicate that glucose and calcium 
chloride accelerate the reaction between C3A and CaSO4.2H20. This is indicated 
by rapid removal of gypsum. I t  is found that CaCl 2 forms a complex compound 
C3A.CaCI2.1OH20 with C3A after gypsum is consumed (7). X-ray diffraction stud- 
ies do not give any indication regarding the complex formation between CaCl 2 
and hydrated C3S (12). The accelerating action may be explained in terms of 
morphological change in Ca(OH) 2 crystals. I t  is well established that CaCl 2 
modifies the morphology of Ca(OH) 2 crystals (13). Probably i t  changes the mor- 
phology in such a way which favors the nucleation and crystal growth of ettring- 
ite or C-S-H. 

X-ray and differential thermal analyses also indicate that calcium glucon- 
ate retards the formation of ettr ingite. This is indicated by the presence of 
gypsum for a longer time. 

In the presence of a mixture of CaCl 2 and calcium gluconate, although the 
calorimetric peaks, corresponding to C3A and C3S hydrations, are in between the 
peaks obtained in the presence of individual admixtures, they are close to the 
peaks obtained in the presence of calcium gluconate alone. Probably calcium 
gluconate is adsorbed on the surfaces of cement grains and reduces the acceler- 
ating power of CaCl~. In the presence of a mixture of two admixtures, the ab- 
sence of C3A.CaCI2.TOHpO (or the presence of a very small amount which could not 
be detected by x-ray),'favors the above findings. The same mechanism may be 
operative in the presence of a mixture of glucose and calcium gluconate. In the 
case of glucose and calcium gluconate, glucose being a big molecule is not al- 
lowed to pass at all through the adsorbed layer of calcium gluconate, resulting 
in a further blocking of the diffusion paths and in this way the hydration is 
more retarded. 
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